
 
Abstract— This paper deals with the analysis, design and 
optimization of a LCL filter topology to connect a 7MW NPC 
inverter to the grid. Following the requirements based on the 
IEEE 519-1992 recommendation and the German Guideline 
VDEW, simulation results were evaluated in order to access the 
performance of the proposed filter and the quality of the 
current injected into the grid.  

I. INTRODUCTION 
The trend towards multi MW wind turbine units has called 

up for new concepts in the design of wind energy conversion 
systems. Economic viability of offshore wind turbines clearly 
scales with power and efficiency of generators and power 
conversion systems. Within this trend, power electronic 
multilevel converters have been seen as an appropriate 
technology for the wind energy conversion system because 
they can operate at high power and high voltage [1].  

Among several proposed multilevel topologies the 
three-level diode-clamped, or simply called Neutral-Point 
Clamped - NPC inverter was the first widely implemented by 
the industry and it continues to be extensively used in high 
voltage and high power applications. 

A NPC inverter leg is shown in Fig. 1. It is composed by 
four switches S1 to S4 and the anti-parallel diodes D1 to D4.  

 Voltages across the switches are only half of the DC 
input voltage because diodes D5 and D6 are connected to the 
neutral point [2]. 

The three-phase NPC inverter presents a line-to-line 
voltage with five voltage levels which leads to a lower Total 
Harmonic Distortion (THD) and dv/dt; also resulting in 
lower Electromagnetic Interference EMI when compared to 
the conventional two-level inverter. On the other hand, as the 
number of levels of the inverter increases the THD of the 
output voltage waveform presents little improvement [3].  

This paper will focus the filter design aiming to minimize 
the harmonic content of the current injected by the grid side 

NPC inverter at the Point of Common Coupling (PCC), as 
depicted in Fig. 2. As a remark, this is a full converter 
solution in order to avoid dealing with slip rings and possible 
Low Voltage Ride Through difficulties.  

Several requirements can be considered when analyzing 
the power quality and grid-compatibility of wind turbines 
connected to the grid. According to [4] and [5], the following 
topics are important when studying the grid compatibility of 
a device: average and maximum produced power, reactive 
power levels, coupling procedure to the grid, grid 
short-circuit current (weak or stiff grid conditions), voltage 
fluctuations (under normal and transient operation), flicker 
and harmonics. 

Concerning wind turbines, almost all of the above listed 
requirements are influenced either by the behavior of the 
wind profile or by the dynamic of the mechanic system 
(including rotor and generator characteristics). However, for 
this analysis the inverter DC link voltage is strong enough to 
avoid flicker or voltage fluctuation caused by wind speed 
variation.  

II. STANDARDS REGARDING THE QUALITY OF THE 
POWER INSERTED INTO THE GRID 

The usual diagnosis of harmonic distortion is done by 
calculating each harmonic component present in the 
produced current and then determining the distortion on the 
voltage due to the grid impedance at the considered harmonic 
frequency level. Knowing that at the design phase, no further 
information is available about the grid connection and 
impedances, the analysis will be limited to the harmonic 
components of the produced current.  

For such purpose, standards that presented limits for the 
currents will be shortly analyzed. Those limits were proposed 
as guidance for designers that do not have information about 
the grid characteristics. 

A. IEEE Std. 519-1992: Recommended Practices and 
Requirements for Harmonic Control in Electrical Power 
Systems [4] 

The limits for currents at this recommendation are 
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Fig. 1:  NPC inverter leg and AC waveform. 

 
Fig.  2:  System diagram. 
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presented in three tables, depending on the system voltage 
level and on the ratio between the grid short-circuit current 
capability and equipment maximal fundamental current.  For 
voltage levels below 69 kV, the established limits are 
presented in Table 1: 

TABLE 1 
Current Distortion Limits for General Dist. Systems (120 V – 69 000 V) 

As stated on the table, for generators the limits do not 
actually depend on the currents ratio. As a remark, Table 1 
has been developed for 6 pulse rectifiers.  Therefore, the 
limits may be increased in the case of converters operating 
with a higher number of pulses per period, which is the case 
of an inverter operating at a few kHz.  

Though clearly stated that the voltage harmonic analysis 
should be done up to the 50th order, no order limit is actually 
proposed on this standard for harmonic current components. 

B. VDEW - Guideline for connection and parallel 
operation of generators at the medium voltage grid [6]. 

The maximum allowed values for harmonic current 
components (Iν,μ,allowed) can be obtained by multiplying the 
constants of Table 2 (iν,μ,allowed) by the short-circuit power at 
the connecting point (Skv), as shown in (1): 

                          kvzulvv SiI
allowed

⋅= ,,,, μμ                               (1) 
Limits for other voltage levels can be directly calculated 

with the given values, knowing that those are inversely 
proportional to the voltage value. 

Triple harmonic components and harmonics up to 25th 
order have their limits based on the ones of next given order 
(for example, the 9th harmonic order limit is equal to the 11th 
one), with the condition that produced zero-sequence 
currents are not inserted on the grid.  

TABLE 2 
Allowed rated Harmonic Currents  

Allowed rated Harmonic Currents 
Iν,μ,zul in A/MVA 

Harmonic Order 
       ν ,  μ 

10-kV-Grid 20-kV-Grid 
5 0.115 0.058 
7 0.082 0.041 
11 0.052 0.026 
13 0.038 0.019 
17 0.022 0.011 
19 0.018 0.009 
23 0.012 0.006 
25 0.010 0.005 
>25 or Pairs 0.06/ν 0.03/ν 
μ < 40 0.06/μ 0.03/μ 
μ > 40* 0.18/μ 0.09/μ 
* Integer and not integer within a Bandwidth of 200 Hz 

The values presented on Table 2 were chosen in such a 

way to be valid with a grid inductive impedance under high 
frequencies; for example in overhead lines. Nevertheless, in 
grids with noticeable underground cable share, the grid 
impedance under higher frequencies (over 2000 Hz) is 
generally smaller in such a way that high frequency 
components can be neglected. A requirement for such a 
procedure is the calculation of either the voltage distortion or 
grid impedances along such harmonic orders at the 
connection point; keeping in mind that a limit of 0.2% for 
harmonic voltage components between 2000 and 9000 Hz 
may not be surpassed.   

Since the frequency band from 2000 Hz to 9000 Hz was 
considered as being important to the characterization of 
frequency converters by this standard, it was interpreted that 
the harmonic analysis of the current should be made until this 
level of frequency. 

C. EN 61400-21 Measurement and evaluation of the grid 
compatibility of grid-connected wind energy installations [7] 

Similar to what was proposed by [4], voltage harmonic 
analysis is done up to the 50th order for integer harmonics and 
up to 2.5 kHz for inter-harmonics.  

Nevertheless, the current standard considers that wind 
turbines connected to the grid via power converters operating 
with a switching frequency on the range of kHz will most 
likely produce harmonic components greater than the 50th 
order, but this range is still being analyzed by the IEC 
committee.  

The limits assumed by this standard are in accordance with 
the standard IEC 61000-3-6 (Electromagnetic Compatibility 
– Limits Assessment of emission limits for distorting loads in 
MV and HV power systems – basic EMC publication)  

In order to perform the harmonic analysis, values of the 
produced harmonic current components are used to calculate 
the percentage in relation with the rated current (that means, 
under nominal power, voltage and frequency conditions). 
Components with a value under 0.1% may not be considered.  

The measurements and stated limits may be valid for both 
sides of the transformer (primary and secondary) – this 
means that if the system was approved for a certain level of 
voltage, it may be also in accordance if a transformer with 
another turns ratio is used.  

Finally, another recommendation of this standard is that 
the short-circuit power may be at least 50 times greater than 
the maximum active power produced by the equipment.   

III. REVISION ON FILTER TOPOLOGIES  
In order to choose an optimal filter topology considering a 

NPC inverter for offshore wind turbines, parameters like 
efficiency, weight and volume have to be considered.  

Regarding efficiency, filter topologies with reduced losses 
are required, though those are relatively small when 
compared to losses in the inverter. Weight and volume are 
considered as critical characteristics at offshore applications 
due to difficulties with transportation, installation and 

Maximum Harmonic Current Distortion in Percent of IL 
Individual Harmonic Order (Odd Harmonics) 

ISC/IL <11 11≤h<17 17≤h<23 23≤h<25 35≤h TDD 
<20* 4.0 2.0 1.5 0.6 0.3 5.0 
20<50 7.0 3.5 2.5 1.0 0.5 8.0 

50<100 10.0 4.5 4.0 1.5 0.7 12.0 
100<1000 12.0 5.5 5.0 2.0 1.0 15.0 

>1000 15.0 7.0 6.0 2.5 1.4 20 
Even harmonics are limited to 25% of the odd harmonic limits above. 
Current distortions that result in a dc offset, e.g., half-wave converters, are not 
allowed 
* All power generation equipment is limited to these values current distortion, 
regardless of actual  ISC/IL 

The 7th International Conference on Power Electronics
October 22-26, 2007 / EXCO, Daegu, Korea

1134



maintenance. The filter cost depends basically on the amount 
of components and materials used, for example the magnetic 
material for the core of inductors. Last, but certainly not least, 
the filter shall be able to perform its task within a certain 
degree of independence of the grid parameters, like 
resonance susceptibility and dynamic performance are of 
major importance. 

As proposed in [8], filters connected to the output of an 
inverter have basically the following four-pole circuit 
configuration as seen in Fig. 3. 

 
Fig.  3:  Generic diagram of a three element filter. 

A. L Filter 
This topology (Z1 is finite, Z3 is infinite and Z2=0) 

consists on just an inductive filter connected in series with 
the converter. Although being the topology with the fewer 
number of components the system dynamics is poor due to 
the voltage drop across the inductor causing long time 
responses.  

B. LC Filter 
This topology (Z1 is finite, Z3 is finite and Z2=0) has Z3 

as a result of association of a capacitor and an inductor. With 
higher values of capacitance, the inductance can be reduced, 
leading to reduction of losses and cost. Nevertheless, very 
high capacitance values are not recommended, since 
problems may arise with inrush currents, high capacitance 
current at the fundamental frequency, grid side resonance and 
dependence of the filter on grid impedance for overall 
harmonic attenuation.  

C. LCL Filter 
When compared with the previous topology, the LCL filter 

has the advantage of providing a better decoupling between 
filter and grid impedance (reducing the dependence on grid 
parameters) and a lower ripple current stress across the grid 
inductor (since the current ripple is reduced by the capacitor, 
the impedance at the grid side suffers less stress when 
compared with the LC topology). 

Like the LC filter, increasing the capacitor value reduces 
filter cost and weight but with similar drawbacks.  The split 
factor between the inductances at the inverter and grid side 
offers a further design flexibility. 

D. Tuned Filter with LC Filter 
An alternative to the above described topologies is the LC 

filter with a secondary branch tuned to the switching 
frequency and connected in parallel.  An advantage is that the 
tuned filter needs to be set up to the harmonic current 

components only. 

IV. LCL FILTER DESIGN  

Though the LCL filter can sometimes cost more than other 
more simple topologies, its small dependence on the grid 
parameters is of major importance at high power 
applications, in order to guarantee a stable power quality 
level. Furthermore, it provides better attenuation than other 
filters with the same size and by having an inductive output; 
it is capable of limiting current inrush problems. This 
topology is, therefore, the one proposed for the NPC grid side 
inverter, and analyzed in this paper. 

Considering that the future generation of offshore wind 
energy conversion system points towards turbines in the 
range of 7 to 10MW [9] the filter will be designed taking into 
account the following parameters for the grid and the 
inverter: 

TABLE 3 
Design Parameters 

Grid Line Voltage Vn = 1380 V 
Grid Phase Voltage Vph=796.73 V 
NPC DC-Link Voltage Vdc = 2200 V 
Output Power of the Inverter Pn = 7 MW 
Grid Frequency f = 50 Hz 
NPC Switching Frequency fsw = 2000 Hz 

The nomenclature for the components is based on the 
schematic of Fig. 4: 

 

Grid  Side Inverter  Side

Ltr Lgf Linv

RfLf

Cf

VinvVph

 
Fig. 4.  LCL filter circuit with components nomenclature. 

The first step is to design an inductor capable of limiting 
the ripple at the output current to 10% of the rated amplitude 
value. The ripple value of a periodic waveform refers to the 
difference between the instantaneous value of the waveform 
and its fundamental frequency. However, considering the 
switching nature of the inverter, it is still necessary to find an 
appropriate equation to calculate the filter inductance for this 
particular inverter topology. 

For the filter inductance design, the NPC inverter can be 
modelled at the switching frequency as one half wave buck 
converter with the condition that the NPC neutral point is 
connected to the Y (star) point of the grid, and the grid is 
modelled as a half sinusoidal waveform voltage, as shown in 
Fig. 6. If the neutral point is not connected to the star point, 
the common-mode voltage needs to be taken into account and 
the calculation becomes more complex. 

For simplicity reasons, (2), [11], shall be used for both 
cases: 
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2inv

dc
ph

L sw

V V DL
I f

−
= ⋅

⋅Δ
                             (2) 

 

Fig. 5.  NPC simplified circuit. 

The phase current ripple as a function of time is depicted in 
Fig. 6, providing a duty-cycle function ( ) cos( )D t M tω≈ , 
with a modulation index M=1. 
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Fig. 6.  Phase current ripple (peak-to-peak) for Linv=166uH, fsw= 2kHz, 

Vph=796V, P=7MW and corresponded duty-cycle value multiplied by 1000. 

The current ripple at the output of a dc-dc converter is the 
largest for a duty cycle of 50%. Therefore: 

        
max max

12 4
2 2 16inv

dc dc

dc

L sw sw L

V V
VL

I f f I

−
= ⋅ =

⋅Δ ⋅ ⋅ ⋅Δ
              (3) 

A 10% ripple of the rated current for the design parameters 
presented in Table 3 is given by (4). 

             
max

20.10 414.165
3 ph

n
L

PI A
V
⋅

Δ = ⋅ =
⋅

                   (4) 

The value of the inverter side inductance (Linv) using (3) 
and (4) is 166 μH or 0.192 pu. 

For the design of the filter capacitance, it is considered that 
the maximum power factor variation seen by the grid is 5%, 
as it is multiplied by the value of base impedance of the 
system in (5). 

                    0.05 585 20f bC C µF pu= ⋅ = =                 (5) 

It is important to notice that factors higher than 5% can be 
used, since they will compensate the inductive reactance of 
the inductors on the filter and therefore the influence at the 
power factor of the system will be lesser than expected. In 
addition, the greater the capacitance, the smaller is the 

inductor [9]. Nevertheless, if too large capacitors are used, 
the ripple on the inductor current will tend to increase [10].  

As stated in [14], the main objective of this LCL filter 
design is in fact to reduce the expected 10% current ripple 
limit to 20% of its own value, resulting in a ripple value of 
2% of the output current. In order to calculate the ripple 
reduction, the LCL filter equivalent circuit is firstly analyzed 
considering the inverter as a current source for each harmonic 
frequency, as seen in Fig. 7. 

 

 
Fig. 7.  Simplified LCL Filter scheme at hth order harmonic component. 

Equation (6) gives the relation between the harmonic 
current generated by the inverter and the one injected in the 
grid (respectively i(h) and ig(h)). 

                                 
2

2 2

( )
( )
g LC

sw res sw

i h z
i h w w

≈
−

                         (6) 

Equation (6) is a ratio between the filter impedance and 
the difference between resonant frequency and switching 
frequency (that will be later calculated). Simplifying this 
equation using the already developed relations for the 
inductance at the inverter side, results in (7) that represents 
the ripple attenuation factor: 

                       
2

( ) 1
( ) 1 [1 ( ) ]
g

sw sw

i h
i h r L Cb w x

=
+ ⋅ − ⋅ ⋅ ⋅

             (7) 

The constant r is defined as the relation between the 
inductance at the inverter side and the one at the grid side: 
                                      g invL r L= ⋅                                      (8) 

The value of r for a desired ripple attenuation can be 
obtained from the Fig. 8. 
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Fig. 8.  Ripple attenuation as a function of the relation factor between 

inductances. 

The calculated grid side inductance value is 69.8µH.  Since 
the inverter will be connected to the grid via a power 
transformer, the transformer leakage inductance shall be 
considered as part of Lg.  
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A. Design Optimization Potential 
By providing different ripple attenuation factors between 

the inductances at the inverter and grid side, it is possible to 
optimize the size of the total inductance.  This is particularly 
interesting in order to reduce the voltage drop across the 
inductors and therefore avoid the use of high values for the 
modulation index. In Fig. 9 is presented the plot of the total 
necessary inductance as a function of the admitted ripple at 
the inverter side inductor. Nevertheless, the optimization was 
not carried out due to the necessity of physical design 
considerations, which are out of the scope of this publication.  

B. Damping Branch 
The attenuation mentioned above is only effective after 

considering a damping factor. This is necessary since the 
transfer function of the filter presents some peaks that may in 
fact increase the ripple at particular resonant frequencies with 
the grid impedance.  

Instead of using active damping, which would make the 
control of the inverter more complex, the choice was made 
for passive damping. A resistance added in series with the 
capacitor attenuates part of the ripple on the switching 
frequency in order to avoid the resonance. The value of this 
resistor should be one third of the impedance of the filter 
capacitor at the resonant frequency (calculated by (10)). 

                5144 /inv gf
res

inv g f

L L
w rad s

L L C
+

= =
⋅ ⋅

                   (9) 

The resistor in series with the filter capacitance is: 

                  1 0.111 0.408
3f

res f

R pu
w C

= = Ω =
⋅ ⋅

         (10)       

The resistor losses, rated at 9.4 kW for this given system 
design (or 0.134% for the inverter operating at nominal 
power), can be reduced if the resistor value is increased, but 
with the drawback of reducing the damping effectiveness.  

A technique to reduce the filter losses and keeping the 
damping performance of the filter is proposed in [9]. It 
consists of adding an inductor in parallel with the damping 
resistor. The inductor is designed to have an impedance value 
smaller than the resistor impedance for operation below the 
resonant frequency (fres). The value of the inductance in 

parallel with the resistor is determined by (11). 

                    22 0.025
2f

res

RfL H pu
f

μ
π

= ≈ =
⋅ ⋅

               (11) 

A value of 25μH is adopted considering the possible 
presence of further inductive components caused by the 
cables that may increase the value of the resonant frequency. 
The resistance of the windings was neglected. With this 
inductance, the expected losses on the resistances of the three 
phases were reduced to 1.9 kW or 0.027% of the inverter 
rated power, without noticeable prejudice to the damping 
effectiveness of the filter. 

V. SIMULATION RESULTS  

Fig. 10 and 11 depict the simulated output current 
waveforms of the NPC filter with a L filter and with the 
designed LCL filter. 

 
Fig. 10.  Output current waveform with L filter [A/ms]. 
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Fig. 11.  Output current waveform with LCL filter before and after 

filter capacitor branch [A/ms]. 

The performance of the LCL filter design was analyzed 
using an Excel application that, by receiving the FFT of the 
output current calculated by Simplorer®, generated the 
recommended limits based on the standards [1] and [3] for 
specific system parameters, as illustrated in Fig. 12 and 13. 
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Fig. 9:  Total inductance of the filter as a function of the admitted current 

ripple at first inductance. 
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As a remark, since the frequency band from 2000 Hz to 
9000 Hz was considered as being important to the 
characterization of frequency converters [3], it was 
interpreted that the harmonic analysis of the current should 
be made up to this level of frequency, though it is of common 
sense that the voltage distortions shall be analyzed up to the 
50th order. Additionally, according to the recommendations 
of [11], harmonic components smaller than 0.1% of the 
fundamental were neglected. 
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Fig. 12.  Harmonic spectrum of the output current and 

corresponding recommended limits for the simulations with L filter. 
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Fig. 13.  Harmonic spectrum of the output current and 
correspondent recommended limits for the simulations with filter. 

It was noticeable that the produced harmonics were mostly 
concentrated around the so-called “characteristic harmonic 
orders” [1].  After the application of the filter, most of the 
components were eliminated, though further improvement 
can be achieved by optimizing control parameters. 

VI. CONCLUSIONS 

This paper proposed the design and application of a LCL 
filter aiming to enhance the grid compatibility of a high 
power Wind Turbine connected to the utility grid via a NPC 
inverter. In order to evaluate the filter effectiveness, the 
power quality of the inverter was analyzed through the output 
currents, using procedures in accordance with the VDEW 
Standard and IEEE Recommendation.  

At the end, the LCL filter topology showed as main 
advantages: the design flexibility, which allows further 
optimization; reduced size in comparison to other topologies 
and finally good capability of operation in a wide range of 
frequency and voltage. 

ACKNOWLEDGEMENT 

The authors would like to thank the European Commission 
and the work package partners for their support in the project 
”Upwind” (Contract No. SES6-019945). It should be noted 
that this paper reflects only the author’s views and the 
European Commission is not liable for any use that may be 
made of the information contained therein. Fernando 
Antunes would like to thank also UFC and CNPq in Brazil 
and DAAD in Germany for the support received during his 
postdoctoral period at ISET. 

REFERENCES 

[1] J. Pou, “Modulation and control of three-phase PWM multilevel 
converters”, PhD Dissertation, Universidat Politecnica de Catalunya, 
2002. 

[2] D. Holmes, G. Lipo, A. Thomas A. “Pulse Width Modulation for Power 
Converters – Principle and practice. IEEE Press, 2003. 

[3] Skavarenina, L. Timothy, The Power Electronics Handbook – “Cap. 6 
by Corzine, Keith” CRC Press, 2002. 

[4] IEEE Std. 519-1992 - IEEE Recommended Practices and Requirement 
for Harmonic      Control in Electrical Power Systems – IEEE Industry 
Applications Society/ Power Engineering Society. 

[5] Netzverträglichkeit von Windenergienalagen in Deutschland und 
Dänemark/Schweden – DEWI Magazin Nr. 16 Februar 2000. 

[6] VDEW Eigenerzeugungsanlagen am Mittelspannungsnetz - Richtlinie 
für Anschluss und Parallelbetrieb von Eigenerzeugungsanlagen am 
Mittelspannungsnetz. 

[7] DIN EN 61400-21 - Windenergieanlagen - Teil 21 : Messung und 
Bewertung von netzgekoppelten Windenergieanlagen –VDE Verband 
der Elektrotechnik Elektronik Informationstechnik e.V. 

[8] V. Pradeep, A. Kolwalar, R. Teichmann, “Optimized Filter Design for 
IEEE 519 compliant grid connected inverters”. 

[9] B. Sahan, F. L. M. Antunes, A. Engler, “Design And Benchmark Of A 
Multilevel Converter For Large-Scale Wind Power Systems”, 
European Wind Energy Conference & Exhibition, 2007. 

[10] N. Mohan, et al, Power Electronics: Converters, Applications and 
Design, Second Edition, John Wiley & Sons Inc., 1995. 

[11] R. W. Erickson, D. Maksimovic, Fundamentals of Power Electronics, 
Second Edition, Kluwer Academic Publishers, 2001. 

[12] C. T. Wang, Z. Ye, G. Sinha, X. Yuan, “Output Filter Design for a 
Grid-Interconnected Three-Phase Inverter”, Power Electronics 
Specialist Conference, 2003. 

[13] H. R. Karschenas, H. Saghafi, “Performance Investigation of LCL 
Filter in Grid Connected Converters”, 2006 IEEE PES Transmission 
and Distribution Conference and Exposition Latin America, 
Venezuela. 

[14] M. Liserre, F. Blaabjerg, S. Hansen, “Design and Control of an 
LCL-Based Three-Phase Active Rectifier”, IEEE Transactions on 
Industry Applications, VOL. 41, NO. 5, Septem-ber/October 2005. 

 
 
 
 

The 7th International Conference on Power Electronics
October 22-26, 2007 / EXCO, Daegu, Korea

1138


	Main
	Welcome Message
	Conference Organization
	Table of Contents
	[PS1] Plenary Session 1
	A Transformerless Hybrid Active Filter for Integration into a Medium-Voltage Motor Drive with a Passive Front End

	[PS2] Plenary Session 2
	Digital Current Mode Control Approach for the Parallel Module DC-DC Converters

	[PS3] Plenary Session 3
	Energy Storage Technology Markets and Application¡s: Ultracapacitors in Combination with Lithium-ion

	[PS4] Plenary Session 4
	Impact of Power Density Maximization on Efficiency of DC-DC Converter Systems

	[PS5] Plenary Session 5
	On the Control of Active Power Filters

	[PS6] Plenary Session 6
	Adjustable Speed Generator Systems -an Emerging Technology for Efficient Electrical Energy Generation

	[PA] Poster Session A
	Intelligent High-Voltage High-Power Ballast IC
	Thermal Analysis of PT IGBT by using ANSYS
	The Effect of a Shielding Layer on Breakdown Voltage in a Trench Gate
	Utility Interactive PV System with Improved Peak-Cut Characteristics
	High Voltage AlGaN/GaN Schottky Barrier Diode Employing the Inductively Coupled Plasma-Chemical Vapor Deposition SiO2 
	Optimized Operation and Stabilization of Microgrids with Multiple Energy Resources
	A New Converter-Inverter-Brake (CIB) Module with Shoot-Through Immunity
	Analysis of Sensitivity of the Performance of Interleaved Flyback Converter to the Principal Design Parameters
	Formulation, Measurement and Analysis for the Thrust Force of HB-Type Linear Pulse Motor
	Application of Fast Lifting Wavelet Transform to the Estimation of Harmonic for Shunt Active Power Filters
	Small-Signal Analysis of the Lower-Frequency Power Transfer Model
	Generation of Differentiable Homomorphism Function Based on Self-Organizing Polynomial Data-mining Algorithm
	Development of the Low-Cost Impedance Spectroscopy System for Modeling the Electrochemical Power Sources
	3-D Education System of DC Motor Drive using RecurDyn and CoLink
	A Study on the Modeling of Piezoelectric Transformer for CCFL using a PSPICE
	An Active Gate Drive Circuit for High Power Inverter System to Reduce Turn-off Spike Voltage of IGBT
	An Improved Strategy to Detect the Switching Device Fault in NPC Inverter System
	Overmodulation Strategy of NPC Type 3-Level Inverter for Traction Drives
	Discrete-Time Model Following Control for PWM Inverter with Electric Double Layer Capacitor
	Synchronized PWM Control of Symmetrical Six-Phase Drives
	Optimized State Controller on DC-DC Converter
	A Study on Rotor FOC Method Using Matrix Converter Fed Induction Motor with Common-Mode Voltage Reduction
	Robust Digital Controller Design for Three-Phase Inverter Using CRA Method
	Analysis and Design of PWM Inverter System for Flywheel Energy Storage System
	Novel Single-State PWM Technique in Multilevel Inverter for Unbalanced dc Sources
	A Novel Optimization Method for Solving Harmonic Elimination Equations
	Verification of Autonomous Decentralized Control UPS Systemusing FPGA based Hardware Controller
	Novel Dual-Band Controller for Regulating DC-Bus Voltage That Contains a Large Voltage Ripple
	A Study of the Train Running Simulation for Train Propulsion System Performance Analysis
	Development of DC Line Voltage Simulator for Control of Regenerative
	The Design and Analysis of the Piezoelectric Inverter too the EEFL Driving of LCD Backlight
	The Direct Torque Control for Induction Machine based on AC-AC Matrix Converter
	A Development of the Solar Position Tracker on the Program Method for the Small Typed Stand-Alone PV System
	A Study on Driving of 35W(T5) Fluorescent Lamp by the Electronic Ballast using Piezoelectric Transformer
	An Internet Based Embedded Network Monitoring System for Renewable Energy Systems
	Fabrication of 4H-SiC Schottky Barrier Diodes with the epilayer grown by Bis-trimethylsilylmethane precursor

	[PB] Poster Session B
	High Accuracy and High Stability Magnet Power Supply by Four-Phase Buck type DC/DC Converter
	Automatic Interleaving Control for Paralleled Converter System and Its Ripple Estimation with Simplified Circuit Model
	Start-up Inrush Current Reduction Technique of Asymmetrical Half-Bridge DC/DC Converter for PC Power Supply
	Comparison the Control Methods in Improvement the Performance of the DC-DC
	Optimal Design of Bus Converter in On-Board Distributed Power Architecture
	A New Topology for Photovoltaic 4 Series DC/DC Converter with High Efficiency Under Wide Load Range
	Static and Dynamic Characteristics of DC-DC Converter Using Digital Filter
	A Study on Novel Buck-Boost AC-DC Converter of HighPerformance by Partial Resonance Technique
	Hybrid Ballast for Field Emission Lamp with CNT Emitter
	Band-Gap Reference Voltage Control Strategy of Power Conditioning System for Fuel Cell Hybrid Vehicle
	Development of a 72V IPMSM Drive System for Golf Carts
	Development of a Driving Operation Algorithm for a 2.5- ton Electric Forklift using an Induction Motor
	A Monitoring System with Ubiquitous Sensors for Passenger Safety in Railway Platform
	Development of Water-Cooled Heat Sink for High-Power IGBT Inverter
	The Research of Model Reference Adaptive Control of Static Var Compensator (SVC)
	The study on the Protection Circuit of the Inverter for LCD Backlight using Digital Control Method
	A Simple Partial Discharge Detector for Low-Voltage Rotating Electrical Machines
	Validation of Electrical Power System using Electrical Test Bed of GEO Satellite
	Implement of Power Line Communication Module for an Electric Power Energy Monitoring System
	Electrical Interfaces Compatibility Analysis for the COMS EPS
	Analysis of Effects of Inductance Component in Electrodeless Lamp on Ballast Performances
	A Study on the Resonant Inverter for Corona Generators
	Reduced Voltage Drop Characteristics of the Series Transformer in a Voltage Disturbance Generator
	A Study on Optimal Braking Control using Adhesion Coefficient
	Stress Grading in Intergrated Power Modules

	[PC] Poster Session C
	Modelling of Iron Losses in Salient Pole Permanent Magnet Synchronous Motors
	Low Cost Fault Detection System for Inverter Driven Induction Motor using Currents Signal
	Control of Induction Motor using IMC Approach
	Development of HBPI Controller for High Performance Control of IPMSM Drive.
	Efficiency Optimization Control of SynRM Drive by LM-FNN Controller
	A Study on Control Strategy of Electric Power Steering Based on Fuzzy Control
	A Four-Switch and Half-Bridge Boost Converter based BLDC Drive System For DC-Link Voltage Unbalancing Compensation
	Sensorless Speed Control and Initial Rotor Position Estimation of an IPMSM
	Rotor Position Detection Method of a Single Phase Switched Reluctance Motor Using Back EMF
	Modified Double-Modulation Signal PWM Control for Large Motor Drive using Five-Level Converter
	Improved Initial Pole-Position Estimation of SPMSM Sensorless Servo Drive by Absolute Integrals of Torque-Component Currents
	Design and Development of Distorted Source Device for Circuit Breakers Failure Analysis

	[PD] Poster Session D
	Analysis and Simulation of Matrix Converter Using PSIM
	Hybrid Three-Phase HPF Rectifier with Programmable Input Current THD,
	A Novel Soft Switched Topology for Power Factor Correction with Load Isolation Capability
	A Grid Connected Photovoltaic System with Irradiation Injected Current Control
	Performance Analysis of Soft-Switching Inverter for the Photovoltaic Power System
	Development of the Power Conditioning System for High Power Fuel Cell System
	A Coordinated Control Method for Leveling Output Power Fluctuations
	Performance Monitoring and Aanlysis of Middle Scale Grid-ConnectedPV System
	Development of On-line type Dynamic Voltage Compensation System
	Development of Grid-Connected 200kW Photovoltaic Inverter
	Development of 10kW Grid-Connected Photovoltaic Inverter with High
	Z-Source Active Power Filter with a Fuel Cells Source
	A Stand Alone Type Fuel Cells Micro-Source System with a Voltage Sag
	A Novel Grid-Connected PV PCS with New High Efficiency Converter
	Low-cost Converters for Micro Wind Turbine Systems using PMSG
	Study on Voltage Regulation Method in the Power Distribution System
	High Efficiency Photovoltaic Pump System with Double Pumps
	A Variable Structure Approach to Control the Active and Reactive Power for Doubly Fed Induction Generator
	Improved RPV (reactive-power-variation) Anti-Islanding Method for Grid-Connected Three-Phase PVPCS
	Power Control of a Grid-Connected Hybrid Generation System with Photovoltaic/Wind Turbine/Battery Sources
	Analysis and Proposition of a PV Module Integrated Converter with High
	Modeling and Analysis of Jeju Power System Operation Connected with Wind Turbine System and HVDC in Jeju Island using PSCAD/EMT
	An Analysis of PEMFC & Photovoltaic 500W Hybrid System
	The Study of Operating Characteristics 1kW Households PEMFC System
	Performance Evaluation and Analysis of 50kW Grid-Connected PV System
	A Study on Performance Improvement of DVR System using EDLC
	Three-Level VSI Based Low Switching Frequency 10 MVA STATCOM in Reactive Power and Harmonics Compensation
	10MVA STATCOM Installation and Commissioning
	A Test Facility for Large Scale Inverter Valve and Pole using Resonant Circuit
	An Improved Synchronization Control Scheme of a Low Cost 400Hz Power Supply for No-Break Power Transfer
	Economic Dispatch for Power Generation using Artificial Neural Network
	ISC-STS Development for Power Supply to Improve Reliability in Communication System
	Optimal Current Controller in a Three-Phase Grid Connected Inverter with an LCL Filter
	A Solar Battery Charging Module by Means of Limit-Cycle MPPT Control

	[TUB1] Inverter Control I
	Frequency Regulation for Parallel-Connected UPS System under Independent Control
	Carrier Based Two-state PWM Method For Optimising Voltage Error in Multilevel Inverters
	Comparison of OMTHD and OHSW Harmonic Optimization Techniques in Multi-Level Voltage-Source Inverter with Non-Equal DC Sources
	A Modified Space Vector PWM for Common Mode Voltage Mitigation
	Development of a Current-Sensorless Multi-Loop Control for Standalone PWM Inverters

	[TUC1] DC-DC Converter I
	A Novel Soft-Switching Two-Stage Step-Up DC/DC Converter
	A New Technique to Achieve Zero Voltage Switching in a Resonant Reset Single Switch Forward Converter
	Design of Bidirectional PWM Sepic/Zeta DC-DC Converter
	Complete Analysis of Steady-State and Efficiency Considerations in a
	Effect of Sampling Frequency of A/D Converter on Controller Stability and Bandwidth of Digital-Controlled Power Converter

	[TUD1] SRM Drives
	Power Spectra of the Single Phase 6/6 SRM Drives by the Separately Randomized Pulse Position (SRP) PWM Method
	Inductance Vector Angle Based Sensorless Speed Estimation in Switched Reluctance Motor Drive
	A Position Sensorless Control System of SRM over Wide Speed Range
	Efficiency Map of a Switched Reluctance Motor using Finite Element Method in Vehicular Applications
	A Novel Direct Instantaneous Pressure Control of Hydraulic Pump System with SRM Drive

	[TUE1] Active Power Filters
	Multiloop Control Strategy for Four-Wire Current Source Active Power
	A Novel Online Controller for Tuning Shunt Active Power Filters Based Upon Switched-Capacitors
	A Multiband Shunt Hybrid Active Filter with Sensorless Control
	A Shunt Active Filter for Reactive Power Compensation and Harmonic Mitigation
	A Novel Control Method of PAPF for Resonance Damping and Harmonics Compensation in Power System

	[WEB1] Power Semiconductor Devices
	Power Semiconductors State-of-the-Art and Future Development Trends
	Optimization of Power MOSFETs for Low Power Motor Drive Applications
	High-power and High-speed Semiconductor Switch RSD Applied in Pulsed Power System
	The New Smart Power Module for Low Power Motor Drives

	[WEC1] Consumer Electronics I
	Cost-Effective Driving System for Plasma Displays by Replacing and
	A Cold Cathode Fluorescent Lamp Driving Circuit without a Transformer for Liquid Crystal Display Backlight Unit
	A Novel Adaptive Dimming Technique with X-Y Channels for LED Backlight System of LCD TVs
	CIM Based Soft Switching of Energy Recovery Sustain Driver for AC PDPs

	[WED1] Faults and Diagnosis
	Automated Diagnosis of Rolling Bearing Faults in Electrical Drives
	Rotor Fault Detection System for Inverter Driven Induction Motor using
	Fault Diagnosis of Induction Motor using Decision Tree with an Optimal
	A Simple Fault Detection of the Open-Switch Damage in BLDC Motor Drive Systems

	[WEE1] Rectifiers
	Interleaved or Sequential Switching - for Increasing the Switching
	Space Vector Modulation Method for Unidirectional Four-Wire Three-Phase/Level/Switch (Vienna) Rectifier
	Voltage Balancing Technique with Low Switching Frequency for Cascade Multilevel Active Front-End
	Diode Rectifier Circuits with Commutation Capacitors for Three-Phase

	[WEB2] Converter Control
	Two-Phase Interleaved Buck Converter with a New Digital Self-Oscillating Modulator
	Feedback linearization Control of Three-Phase AC/DC PWM Converters
	Digital Control of Phase-Shifted Full Bridge PWM Converter
	Autonomous Variable Speed Power Generating System with Five-Level Cascaded Converter

	[WEC2] Automobile Applications and Traction Drives
	Modularized Charge Equalization Converter with High Power Density and Low Voltage Stress for HEV Lithium-ion Battery String
	Design and Control Algorithm Research of Active Regenerative Bidirectional DC/DC Converter used in Electric Railway
	Charge Equalization Converter with Parallel Primary Winding for Series Connected Lithium-Ion Battery Strings in HEV
	Calculation of Regenerative Energy in DC 1500V Electric Railway Substations

	[WED2] Sensorless Control
	Robust Speed Sensorless Induction Motor Drives
	Improved Rotor Position Estimation Employing Voltage Distortion Compensation for Sensorless PMSM Drives at Low Speed
	Indirect Position and Speed Sensing for PMSM Sensorless Control
	Hybrid Sensor-Less Control of Permanent Magnet Synchronous Motor in Low-Speed Region

	[WEE2] Renewable Energy Systems I
	A New Method for Smoothing Output Power Fluctuations of PV System Connected to Small Power Utility
	Case Study of Distrubution-Unified Power Flow Controller (D-UPFC) in the Clustered PV System
	A Novel Islanding Detection Method based on Minute Asymmetrical Current Injection for Three-Phase Grid-Connected PV Inverters
	A Novel Single-Voltage-Sensor-based Maximum Power Point Tracking Method

	[WEB3] Modeling and Simulation
	Frequency-Domain Transformation Approaches to Develop the d-q Synchronous-Frame Models of Three-Phase Symmetrical Networks and 
	A Gate Drive Circuit of Power MOSFETs and IGBTs for Low Switching Loss
	Load Modeling for the Drum Washing Machine System Simulation
	Advanced Simulation Concept for the Power Train of an AC Locomotive and its Verification
	Modeling Diode Reverse Recovery and Corresponding Implementation in Fast Time-Domain Simulation

	[WEC3] DC-DC Converter II
	A Half Bridge Flyback Converter with ZVS and ZCS Operations
	A New Half Bridge Converter without DC Offset of Magnetizing Current
	A Novel Low-Loss Modulation Strategy for High-Power Bi-Directional Buck+Boost Converters
	Comparison of PWM Strategies for Three-Phase Current-fed DC/DC Converter
	Effect of AC Inductance in a Phase Shifted DC-DC Bridge Converter

	[WED3] PMSM Drives I
	Improved Low Speed Performance of a PI-DTC Interior PM Machine with Compensations of Dead-Time Effects and Forward Voltage Drop
	Study on efficiency optimizing of PMSM for pump applications
	Wide-Speed-Range Optimal PAM Control for Permanent Magnet Synchronous Motors
	Development Issues of an ISG PM Machines and Control System
	Control of IPMSM Drive System for Drum Washing Machine

	[WEE3] Power Quality I
	Fuzzy Logic Controller for Boost Converter with Active Power Factor Correction
	A Low Cost and High Reliability Control Scheme in Parallel Operation for 400Hz Power Supply System
	Frequency Characteristics of the d-q Synchronous-Frame Current Reference Generation Methods for Active Power Filter
	IHTS Development for Uninterruptible Power Supply at UPS Fault
	A Grid Current-Controlling Shunt Active Power Filter

	[THB1] Energy Storage Systems
	A New Battery Equalizer Based on Buck-Boost Topology
	Design and Test of Controller in Power Conditioning System for Superconducting Magnetic Energy Storage
	Research of Fuzzy Logic-Controlled SMES for Power System Transient Voltage Stability
	A Calculation of Predicting the Expected Life of Super Capacitor Following Current Pattern of Railway Vehicles

	[THC1] Consumer Electronics II
	Comparative Study on a Single Energy Recovery Circuit with Dividing Energy Recovery Path for Plasma Display Panels (PDPs)
	MFFL Driving System With Current Feedback Maintaining Glow Discharge Mode
	A New PWM-Controlled Quasi-Resonant Converter for High Efficiency PDP Sustaining Power Module
	Current Stress Minimizing Control Scheme for Power Factor Correction(PFC) Boost Pre-Regulator

	[THD1] Electric Machinery
	Novel Three Phase Flux Reversal Machine with Full Pitch Winding
	Comparison of Winding Concepts for Bearingless Pumps
	A Multi-winding Transformer Model for Predictive SMPS Design and Analysis
	Comparison of Topologies for Linear Drives in Industrial Material Handling and Processing Applications.

	[THE1] AC-AC Converters
	AC-SPWM-Cycloconverter based on an Extended Chopper Scheme
	Matrix Converter with a Novel General Commutation Strategy
	Novel DC Link Balancing Scheme In Generic N-Level Back-to-back Converter System
	Matrix Converter as UPFC for Transmission Line Compensation

	[THB2] Inverter Control II
	Novel Carrier PWM Technique with Extension Range for 4-Switch Inverter
	Current Control of PMSM in Overmodulation Region
	Characteristics of a Pulse-link Inverter for Fuel Cells
	Analysis of Conduction and Switching Losses of A Matrix-Z-Source Converter

	[THC2] DC-DC Converter III
	Advanced Development of High Frequency Transformer Parasitic Inductive Components and Lossless Inductive Snubber-Assisted Serie
	Common-mode Noise Reduction in the Watkins-Johnson Converter
	Current Ripple Reduction Technique of DC/DC Converter
	An Improved Energy Recovery Clamp Circuit for PWM Converters with a Wide Range of Input Voltage

	[THD2] Induction Motor Drives
	Power Saving of PWM Rectifier-VSI Fed Induction Machines
	A New Multi-Machine Control System Based On Direct Torque Control Algorithm
	New Current Controller for Inverter Fed Medium Voltage Drives with LC Filter
	Low Frequency Stability Study of a Three-phase Induction Motor

	[THE2] Renewable Energy Systems II
	Modeling of Battery Charging Wind Turbines
	Development of Simulator for DFIG-based Wind Turbine
	LCL Filter Design for Grid-connected NPC Inverters in Offshore Wind Turbines
	Decoupled Voltage and Frequency Controller for an Isolated Pico Hydro System Feeding Dynamic Loads

	[THB3] Other Power Electronics Applications I
	Power Electronic Conversion Systems For Deepwater Applications
	Accurate Mixed Electrical and Electromagnetic Model of a 6,5kV IGBT Module
	Research on a Flexible Waveform Power Amplifier Adopting Switch-Linear Hybrid(SLH) Scheme
	Switching Transient Shaping of RF Power MOSFETs for a 2.5 MHz, Three-Phase PFC

	[THC3] Other Power Electronics Applications II
	Controlling Voltage Profile in Loop Distribution System with Distributed Generation Using Series Type BTB Converter
	A New Direct Current Internal Resistance and State of Charge Relationship for the Li-Ion Battery Pulse Power Estimation
	A New Single-Stage PFC AC/DC Converter with Voltage-Doubler Rectified Asymmetric Half-Bridge Converter
	Direct High Frequency Soft Switching PWM Cyclo-Converter-Fed AC-DC Converter without DC Link for Consumer Magnetron Drive

	[THD3] PMSM Drives II
	An Estimation Method on the Initial Pole Position of a Z-Axis PMLSM
	Direct Torque Control Permanent Magnet Synchronous Motor Drive with Asymmetrical Multilevel Inverter Supply
	Robust Measurement Disturbance Observer Design for AC Motor Drive Systems with Current Measurement Errors
	New Flux Weakening Control for Surface Mounted Permanent Magnet Synchronous Machine Using Gradient Descent Method

	[THE3] Power Quality II
	HVDC Control Development for Isolated Small AC System with Real Time Digital Simulator
	Using a Cascaded H-Bridge STATCOM for Rebalancing Unbalanced Voltages
	Distributed Power Supply with Power Factor Correction: a Solution to Feed All Modules of Power Electronic Transformers
	Development on 31.5MVA STATCOM and Digital Evaluation Tool for Voltage Flicker Compensation

	Author Index
	Search
	Help
	Exit


<<
  /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


