
 

 
 

  
Abstract—This paper presents a novel design concept, in which 
a hybrid power interface system (HPIS) is constructed to work 
smartly in various micro-grid (MG) operations. Some 
distributed generation (DG) systems, e.g., the wind turbine 
generator (WTG) and the Photovoltaic (PV) systems 
conventionally generate real power based on natural conditions 
thus the average utilization rate of the entire asset is normally 
low. To eliminate this shortcoming, the proposed HPIS aims to 
use the DG inverter system optimally. To achieve a 
cost-effective design, a three-leg zigzag transformer is 
incorporated into the proposed HPIS to maximize the operating 
capability of DG inverter in terms of real power regulation, 
active power filter (APF) functions for current harmonics 
compensation and  reactive power compensator for MG voltage 
support and power factor correction. The HPIS is designed to 
fully utilize the DG inverter capacity after performing various 
real power control functionalities required by the system 
operator.  In this paper, the mathematical model of HPIS and 
its related controllers designed in two-axis stationary reference 
frame are firstly addressed.  Then, simulation studies on a 
simplified MG network are carried out and followed by a set of 
experimental tests on dSPACE1104. Typical results are 
presented with brief discussions to demonstrate the feasibility 
and effectiveness of the proposed control scheme. 
 

Index Terms—hybrid power interface system (HPIS), 
distributed generator (DG), micro-grid (MG), active power 
filter (APF) 
 

I. INTRODUCTION 
OWER converter interfaced distributed power generations 
(DG), renewable energy resources (RES) based 

micro-grids (MG) and state-of-the-art communication and 
control technologies have been recognized to play an 
important role in the achievement of some energy policies set 
by Taiwan’s government. The goal of these energy policies 
include reductions in high-polluting power generations and 
global greenhouse gas emissions, improved diversity and 
security of energy supply, and exploitation of possible 
incentives for creating local value added opportunities for the 
related industrial sectors in Taiwan.  Based on the related 
technical reports from the open literature, potential RES 
based power generations may include wind turbine generator 
(WTG)[1], photovoltaic (PV)[2], and fuel cell (FC)[3].  Of 
these power generating methods, the interests in PV energy is 
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growing worldwide, with annual growth rate of 25-35% over 
last ten years.  It is recorded about 25 GW of total 
commercial PV installations at the beginning of 2012 and the 
increasing trend of using PV still continues. Although the PV 
generation system is still expensive, according to recent 
published reports, PV prices have dropped by 45% over last 
two years and further drop is expected in the near future [4]. 
In fact, a number of different PV incentive programs have 
been introduced in Taiwan since 2008. With the same 
objectives, some of developed countries are currently 
promoting residential and commercial uses of PV generation 
systems [5]-[7]. Based on the standards such as IEEE1547, 
IEEE 929 and UL1741, PV inverter systems should operate 
at unity power [8]; however, this regulation has some 
limitations in practical applications. It has been proved that 
with proper design of the controllers these inverter systems 
working as the power interfaces in WTG, PV and FC all have 
the capability to provide additional control functions in 
addition to the regulation of real power generated from 
various RES.  Intrinsically, some DG systems, e.g. the wind 
turbine generator and the PV system generate real power 
based on weather conditions thus the average utilization rate 
of the entire asset is normally low.  This has resulted in that 
the payback time period for the system owners becomes 
longer. To make the best use of the DG hardware systems, the 
concept of utilizing PV inverter as a reactive power controller 
during the night time for voltage control thereby increasing 
the connectivity of a nearby wind farm, is proposed in [9]. A 
number of potential operations of a 3-phase PV grid 
connected inverter are discussed in [10], [11]. Some similar 
examples regarding reactive power compensation and 
voltage support in MG are also illustrated in [12], [13].  
However, in the above published papers, only individual 
control function has been included in the operation of DG 
inverters.  

This paper proposes a novel design concept concerning the 
feasibility of performing multiple control functions in the DG 
inverter system working in micro-grids.  To achieve a 
cost-effective design, a three-leg zigzag transformer, 
designed for eliminating the triplen current harmonics of the 
local nonlinear loads, is incorporated into the proposed HPIS 
to maximize the operating capability of DG inverter. With the 
proposed design concept the DG inverter is able to optionally 
utilize the unused portion of rated capacity after performing 
the function of real power generation. It is important to note 
that to verify the feasibility of the design concepts, the 
proposed HPIS system with dSPACE1104 as the main 
controller has been practically constructed in the laboratory 
of applied power electronics research group (APERG), 
National United University, Taiwan.   
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II. THE FIRST MICRO-GRID TEST BED IN TAIWAN 
 

Distribution systems possessing DGs and controllable 
loads with the ability to operate in both grid-connected and 
standalone modes are an important class of the so-called MG 
power systems [14]-[15]. A typical MG system constructed 
by the Institute of Nuclear Energy Research (INER) in 
Taiwan is shown in Fig. 1[16].   As can be seen in Fig 1, the 
INER micro-grid with a designed maximum capacity of 
475.5 kVA has three independent Zones. In Zone1, there is a 
31.5 kVA PV, a 65 kVA microturbine, a total of 60 kVA 
controllable load bank, a 150kVA wind turbine and a 100 
kVA ABB PCS-100 BESS. Zone2 has a 60 kVA PV system, 
a 65 kVA microturbine and a total of 60 kVA controllable 
load bank. Zone3 is equipped with a 4 kW small wind turbine, 
a 25 kVA wind turbine, a 10 kVA PV, a 65 kVA 
microturbine and a 30 kVA controllable load bank. To 
facilitate possible tests considering the conditions of practical 
operating modes, Zone 2 and Zone3 are connected in series, 
while Zone 1 and Zone2 are in parallel.  

It is well known that MG strives for optimized operation of 
the aggregated distribution systems by coordinating the 
various DGs, ESS and load resources not only when 
connected to the distribution system but also in a standalone 
mode. In either modes of operation, advanced local controls, 
energy management, power quality and protection 
technologies are required for robustness and reliability. In 
practice, the energy management optimization objective 
function can be tailored to the needs of each application. In a 
practical MG project, the overall objective is to optimize 
operating performance and cost in the normally 
grid-connected mode, while ensuring that the system is 
capable of meeting the performance requirements in 
standalone mode. To satisfy the needs of possible 
applications, some ESS units are inevitably required. In the 
INER MG project, two ESS are to be installed to achieve 
some advanced operations and power management functions. 
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Fig. 1 System diagram of a typical micro-grid with various DG inverters 

(INER Micro-grid test bed, Taiwan). 

III. HPIS PRINCIPLES AND CONTROL SCHEMES 

A.  HPIS Hardware Configuration 
 
The operating principles and control concepts of the 

proposed HPIS are actually derived from the static 
synchronous compensator, a popular shunt-type FACTS 
device.  In this paper, a basic HPIS hardware configuration 
which consists of a 3-phase switching converter using 6 
IGBT switches, a three-phase zigzag transformer and a 
three-phase load bank including passive linear and nonlinear 
loads, as shown in Fig. 2 is chosen to introduce the proposed 
HPIS operating principles and its control schemes. The IGBT 
converter in the HPIS is designed to be operated from a DC 
link voltage provided by a PV or any kind of RES.  In normal 
operations, the active power can be controlled in either 
direction between the AC terminals of the converter and the 
grid to regulate the DC voltage and thus the real power 
generation of the DG. In this hardware topology, the 
converter can also generate or absorb reactive power 
independently at its AC output terminals to affect system 
voltages or simply to act as a reactive power generator or an 
APF. 
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Fig. 2 A simplified MG model with the proposed HPIS and control signals. 
 

B.   Functions of Zigzag Transformer in HPIS 
 

As mentioned previously, the proposed HPIS is to 
maximize the operating capability of DG inverter with the 
priority of real power regulation, reactive power 
compensation and other APF functions. Theoretically, any 
control functions provided by a shunt-type power converter 
based system can be included in the design of HPIS; however, 
the VA capability is the ultimate limitation.  To provide the 
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HPIS more freedom in performing its real and reactive power 
flow control tasks, a zigzag transformer is incorporated into 
the HPIS for handling the triplen harmonics flowing in the 
MG distribution feeders.  In the literature, a lot of research 
reports have proved that the zigzag transformer offers an 
attractive solution to harmonics problems. Typical solutions 
use a number of small zigzag transformers to isolate and 
reduce harmonic currents. Attractive features in using zigzag 
transformers can be summarized as: low system cost, easy to 
install, ability to reduce most harmonics current including the 
neutral, thus the size of neutral wires can be greatly reduced 
[17]. The connection method for a three-phase zigzag 
transposed transformer used in this study is depicted in Fig. 3. 
The relationship of voltage vectors between the primary and 
the secondary sides is shown in Fig. 4. 

  
Fig. 3  The connection method for a three-phase zigzag transposed 

transformer. 
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Fig.4 The details of voltage vectors in a three-phase zigzag transposed 

transformer with the connection shown in Fig.3. 
From Fig. 3 and 4, the following relationship can be derived. 
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For a balanced three-phase system, the load currents of the 
zigzag transformer can be expressed as: 

                                    

A B ci i i i= = =
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IV. DESIGN OF HPIS CONTROL SYSTEMS 
 

In this paper, three important control functions are 
designed for the HPIS; i.e., real power regulation for DG, 
reactive power compensation for the grid and harmonic 

currents compensation for the local nonlinear load. These 
control functions can be activated simultaneously or 
individually. Because the proposed compensating 
requirements, i.e., real and reactive power or harmonic 
compensation, are directly related to the currents, shunt-type 
connection of DG inverter is a realistic topology as it normally 
injects currents at PCC.  Therefore, this study uses the 
shunt-type connecting format for the implementation of HPIS 
control system shown in Fig. 2.   With a number of 
mathematical manipulations, the output voltages and current 
commands of the HPIS can be obtained in two-axis stationary 
reference frame as briefly addressed below. 

From Fig.2, the following voltage and current equations 
can be easily obtained on KVL. 
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The above (3) can be rewritten into (4) and the equivalent 

forms in d-q frame as expressed in (5) and (6). 
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Finally, the three-phase output current signals for the HPIS 
can be directly derived from (6) by using the inverse Clarke’s 
transformation.   

In the open literature, many current control methods for 
three phase inverter systems have been proposed. Among 
them, a PWM based control scheme using high-frequency 
switching has been widely used in many applications. This is 
due to the fact that the design of output filter becomes simple 
for eliminating the high-frequency current harmonics.  
Besides, the typical advantages of PWM based current 
control method are its simplicity in implementation and the 
high speed of its current control loop. The block diagram of 
the proposed current controller based on (6) is shown in Fig. 
5. As can be seen from Fig. 5, the input commands to the 
derived controllers include three parts, i.e., the harmonic 
compensating current, the reactive power to be compensated, 
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the DC voltage of the HPIS or the real power of the DG if 
desired. To achieve a better dynamic performance, a feed 
forward compensating path is also used. 
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Fig. 5 The signal block diagram of the derived HPIS controller. 

 

V.  CASE STUDIES AND RESULTS 
To investigate the detailed dynamics of the proposed HPIS 

and to validate the proposed control method, simulations are 
carried out on a MG distribution network connected with 
a nonlinear DG link in Matlab/Simulink environment.  It is 
considered that for the whole period of simulations the local 
loads are fed by the main source of the micro-grid feeder. In 
this study, during the simulation process active power which 
is delivered from DG link is assumed not activated. This 
assumption makes it possible to evaluate the capability of 
HPIS to track the fast change in the harmonic currents and the 
reactive current components of the reactive power required 
by the load or the grid independently. To simulate a realistic 
operation scenario in micro-grid network, the loads are 
connected and disconnected to MG distribution network 
randomly and the harmonic distortion of current waveform 
are calculated and compared in various conditions. Since 
the principle of proposed current control technique is 
based on separating active and reactive current 
components in stationary reference frame known as the 
two-axis components, in all conditions only phase-a 
parameters (voltage and current) are shown. To demonstrate 
the performance of the proposed HPIS to compensate total 
reactive power, load voltage, load current, source current 
and the output current of the HPIS are shown simultaneously.  

In addition to the simulation cases for various control 
functions of the HPIS, in this paper, the proposed HPIS 
control scheme is further experimentally tested in a 
laboratory setup as shown in Fig. 6.  In the experimental 
setup, a SPWM controlled three phase grid-connected 
inverter and a set of three-phase nonlinear load modules are 
used. Test conditions and parameters are the same as that 
used in simulation studies. All controllers except the SPWM 
circuit are implemented with dSPACE1104 control card on a 
PC. The sensed currents and voltages acquired to the 
dSPACE1104 and the control signals output to the SPWM 
circuit are using the AD/DA interfaces in dSPACE1104. The 
sampling frequency for data acquisition is set at 20 kHz to 
achieve satisfactory response. In this test, the DC voltage 
controlled at 400V with the three-phase 220V, 60Hz power 
grid. 
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Fig. 6 The experimental setup of the HPIS. 

 

Case_1: Connection of nonlinear load link to the MG 
feeder with only zigzag transformer in operation. 

 
To test the effectiveness of a zigzag transformer in 

eliminating the triplen harmonics, a set of nonlinear load with 
three-phase balanced output currents are tested in this case. 
The results show that the third and its triplen harmonic 
currents contribute to the largest value of THD currents. In 
addition, the 5th, 7th, and 11th also give to the THD level; 
however, the amount is not significant.  The decrease of the 
third and its triplen harmonic currents  after the use of zigzag 
transformer is shown in Fig. 7 (a) to (e) for the balanced case.  
It is found that the THD current can be reduced about 40 % 
on the primary side (delta winding) of the zigzag transformer. 

 

 
(a) The voltage and current spectra on the delta side of the zigzag 

transformer (measured with power analyzer). 
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(b) The current waveforms on the load side of zigzag transformer 

(simulation). 
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(c) The current waveforms on the load side of zigzag transformer 

(measured). 
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(d)The current waveforms on the primary side of zigzag transformer 

(simulation). 

         ( : 5 / ; : 5 / )T im e m s d iv i A d iv

sai

sbi

sci

 
(e)The current waveforms on the primary side of zigzag transformer 

(measured). 
Fig. 7  The current waveforms of the test with a balanced three-phase 

nonlinear load. 

Case_2: Connection of nonlinear load link to the MG 
feeder with both HPIS and zigzag transformer in 

operation. 
 
In this test case, the HPIS link is connected to the network 

at t=0.0 s. At this moment a nonlinear load is added to PCC 
and it is removed at t=8.0 s. Fig.8 and Fig.9 respectively 
show the related voltages and currents in various HPIS 
control functions and grid operating conditions.  As can be 
seen in Fig. 8 (a) and (b), after the connection of HPIS link 
to feeder the source current becomes sinusoidal since the 
harmonic currents are fully provided by the HPIS link.  In 
Fig.9 (a) and (b), the nonlinear load is the same as that in 
previous case but the reactive power command of DG is set to 
1000VAr to provide the demand of the grid.  As shown in 
Fig.9, (c) and (d), when the command for the output reactive 
power of the DG is reversed there is a negative reactive 
power (-1000VAr) feeding backward to the HPIS link. 
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(a) Simulated results of voltage and current waveforms. 
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(b) Measured results on dSPACE1104 based hardware system . 

Fig. 8 The results of Case_2 when the HPIS is in operation. 
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(a) Simulated results on APF function and a 1000 VAr reactive power 

command for HPIS. 
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(b) Measured results on APF function and a 1000 VAr reactive power 

command for HPIS. 
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(c) Simulated results on APF function and a -1000 VAr reactive power 

command for HPIS. 
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(d) Measured results on APF function and a -1000 VAr reactive power 

command for HPIS. 
Fig. 9 The results of Case_2 when the HPIS is in operation with nonlinear 

load and a bilateral reactive power control. 

VI. CONCLUSION 
This paper has demonstrated a novel design of a flexible 

hybrid power interface system in which any DG inverter 
system can be utilized as an APF for harmonic currents 
compensation and a reactive power generator for power 
factor correction and voltage control at the PCC.  It is 
important to note that decoupled current controllers are 
used in the functional control loops designed for the HPIS, 
better dynamic response can be achieved in various control 
functions performed by the proposed control algorithms. 
Based on comprehensive simulation studies with a simple 

MG network carried out in Matlab/Simulink software 
environment and the hardware tests on dSPACE1104 
controllers, the feasibility and effectiveness of the proposed 
HPIS concept incorporating the three-phase zigzag 
transformer to maximize the capability of DG inverters have 
been confirmed. 

REFERENCES   
[1] K.M. Syafii and M. A-A. Nor, Steady-State Wind Turbine 

Generation Model for Three-Phase Distribution Load Flow 
Analysis, IREMOS, Vol. 4 N. 2, April 2011 (Part B), pp. 772-777.

[2] S. Arabi Nowdeh, B. Tousi, A. A. Zoraghchian and M. Hajibeigy, 
Optimal PV and FC Application in a Hybrid Power System with the 
Aim of Selling Electrical Energy to Distribution Network, 
IREMOS, Vol. 4 N. 5, October 2011(Part B), pp. 2392-2401. 

[3] S. Aghajani, I. A. Joneidi, M. Kalantar and V. Mortezapour, 
Modeling and Simulation of a PV/FC/UC Hybrid Energy System 
for Stand Alone Applications, IREMOS, Vol. 3 N. 1, February 
2010, pp. 82-89. 

[4] M. Grubb, Renewable   Energy Strategies for Europe, The Royal 
Institute of International Affairs, Vol. I, Foundations and Context, 
London, UK, 1995. 

[5] Y. Miyamoto and Y. Hayashi, Evaluation of improved generation 
efficiency through residential PV voltage control of a clustered 
residential grid-interconnected PV, IEEE PES Innovative Smart 
Grid Technologies Conference Europe (ISGT Europe), Vol.1 , pp. 
1-8, Oct. 2010. 

[6] H. Laukamp, The new German electric safety standard for 
residential PV systems, The 25th IEEE Photovoltaic Specialists 
Conference, 13 May 1996, pp.1405-1408. 

[7] J.Carr, J.C.Balda and A.Mantooth, A high frequency link multiport 
converter utility interface for renewable energy resources with 
integrated energy storage, Energy Conversion Congress and 
Exposition (ECCE), 12-16 Sept. 2010 IEEE, pp.3541-3548. 

[8] IEEE Standard for Interconnecting Distributed Resources with 
Electric Power Systems, IEEE Standard 1547-2003, July 2003. 

[9] R.K. Varma, V. Khadkikar, and R. Seethapathy, 
NighttimeApplication of PV solar farm as STATCOM to Regulate 
Grid Voltage, IEEE Trans. Energy Conversion (Letters), Vol.24, 
no.4, Dec. 2009, pp.983-985. 

[10] R.A. Mastromauro, M.Liserre, T.Kerekes and A.Dell'Aquila, A 
Single-Phase Voltage-Controlled Grid-Connected Photovoltaic 
System With Power Quality Conditioner Functionality, IEEE 
Transactions on Industrial Electronics, Vol.56, Issue 11, 2009,  
pp.4436-4444. 

[11] M. Anwari, M.I.M. Rashid and Taufik, Power quality analysis of 
grid-connected photovoltaic system with Adjustable Speed Drives, 
2010 International Conference on Control Automation and 
Systems (ICCAS), 2010, pp. 2452-2456. 

[12] R. Majumder, A. Ghosh, G. Ledwich and F. Zare, Power 
Management and Power Flow Control With Back-to-Back 
Converters in a Utility Connected Microgrid, IEEE Transactions 
on Power Systems, Vol. 25 , no. 2, 2010, pp 821 - 834. 

[13] C.-L. Chen, Y. Wang, Jih-Sheng Lai, Yuang-Shung Lee and D. 
Martin, Design of Parallel Inverters for Smooth Mode Transfer 
Microgrid Applications, IEEE Transactions on Power Electronics, 
Vol. 25, no. 1, 2010, pp 6-15. 

[14] H. Nikkhajoei, R.H. Lasseter, Distributed Generation Interface to 
the CERTS Microgrid, IEEE Transactions on Power Delivery, 
Vol. 24, no.3, 2009, pp 1598-1608. 

[15] R.H. Lasseter, A Akhil, C. Marnay, J Stephens, J Dagle, R 
Guttromson, A. Meliopoulous, R Yinger, and J. Eto, The CERTS 
Microgrid Concept, White Paper for Transmission Reliability 
Program, Office of Power Technologies, U.S. Department of 
Energy, April 2002. 

[16] T.T. Ma, Yih-Der Lee, Yung-Ruei Chang and Chin-Lung Hsieh , 
“Advanced Operation and Control Schemes for a Micro-grid with 
Battery Energy Storage Systems,” International Journal of 
Advanced Renewable Energy Research, Vo. 1, Issue 6, pp. 
596-604, November 2012. 

[17] H. K. Høidalen and R. Sporild, Using Zigzag Transformers with 
Phase-shift to reduce Harmonics in AC-DC Systems, International 
Conference on Power Systems Transients (IPST’05) in Montreal, 
Canada, June 19-23, 2005, Paper No. IPST05 - 44. 

 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2013 Vol II, 
IMECS 2013, March 13 - 15, 2013, Hong Kong

ISBN: 978-988-19252-6-8 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IMECS 2013



<<
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments 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




