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Abstract— Three-phase power converters are largely employed in 
power generation facilities based on renewable energy sources, 
and these converters commonly working in grid connection mode
are frequently connected to the grid through passive filters.
Nowadays the need for larger power converter-based generation 
plants increases continuously, and LCL+trap filter arises as a 
solution when switching frequency is reduced due to the power 
increase. However, the tuning of current controllers becomes 
more complex as the LCL+trap filter lead to a considerably high 
order system. In this work a method for tuning the gains of 
proportional resonant current controllers for three-phase high 
power converters linked to the grid through a LCL+trap filter is 
proposed and analyzed. Simulation and experimental results 
taken in different cases are shown to validate the proposed 
method. 
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I. INTRODUCTION

The installed capacity of the distributed generation systems 
based on renewable energy systems have been increasing 
hugely during last years [1]-[2], and the remarkable increase is 
continuing without any sign of pausing. Along with this, the 
power of the grid connected converters is also experiencing an 
impressive boom. Two-level three-phase converters connecting 
to utility grid through LC or LCL filter, which are typically 
adopted in modern generation systems, are no longer the best 
option due to that the high switching frequency (typically over 
10kHz) will lead to a relatively big switching power loss which 
is difficult to ignore. 

As reduced switching frequency is necessary in high power 
implementations, high order grid link filters arise as an 
alternative option complementary to Multi-level converters
(MLC) to deal with the issue of reduced switching frequency. 
In the family of high order grid link filters, LCL+trap filter 
gradually becomes more adopted [3]-[5]. This type of filters 
contains LCL branches, but additionally has a branch specially 
designed for minimizing the harmonics at switching frequency.
With this configuration, the resonant frequency of the filter can 
be increased remarkably, which leaves enough freedom for the 
design of current controller. However, LCL+trap filter which is 
5th order system itself, will consequently lead to a higher order 
system compared with LCL filters. As a result, the design and 

tuning of controllers of the converter becomes more 
challenging because the dynamics of the filter should be 
considered in a fine tuning of the controllers.  

      Among all the control designing tasks, the design and 
tuning of current controller is a critical issue and even the first 
issue appearing in many cases. Proportional Resonant (PR) 
controllers in stationary -
Integral (PI) controllers in rotating d-q reference frames are 
both widely employed for grid connected power converters, 
and both strategies are able to provide a zero steady state error. 
However, rotating d-q frames should be transformed to

- then 
there will occur cross-coupling terms between stationary frame 

- 6]-[7]. Additionally, comparing with PI
controllers, removal of the steady state error in single phase 
systems, no need for voltage feed-forward and easy tuning 
stand as the main advantages of PR controllers [8]. 

Tuning methods for PR and PI controllers are both seen in 
literatures [9]-[11], but control tuning for high power 
converters with LCL+trap filters is not completely discussed.
This work proposes a method for tuning the PR current 
controllers for two-level three-phase high power converters 
with LCL+trap filter. Description of the applied systems is 
shown in II, the control tuning method is elaborated in III, and 
simulation and experimental results in different cases are 
presented in IV to validate the proposed method

II. DESCRIPTION OF THE SYSTEMS

A. Setup Structure
The proposed tuning method is oriented to setups shown in 

Fig. 1, which consist of a two-level 3-phase voltage source 
inverter (VSI) and a LCL+trap filter. The inverter is a two-
level 3-phase VSI, which has a high reliability compared to 
MLC, and the filter is made up of a branch tuned to eliminate 
the harmonics at the switching frequency and a LCL filter to 
eliminate harmonics with higher frequency. For typical LCL 
filters, the resonant frequency is designed low enough to 
realize a small gain at the switching frequency. And when the 
switching frequency is reduced in high power implementations, 
the design of the filter is in a trade-off between the dynamics 
and power quality. On the purpose of increasing the resonant 
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Fig. 2. Current control scheme where grid side current i2 is adopted as the feedback variable. 

frequency without weakening the filtering capability, 
LCL+trap filter is designed.  

Fig. 1. VSI connecting to grid through LCL+trap filter.

B. Control Scheme
- (Clark Transformation) is used for

implementing the -
And the PR controller, which is the only type of controller that 
can ensure a theoretical zero steady state error is adopted in the 
control loop. The controller output is processed by an inverse 

- goes into the PWM block. The 
grid side current i2 flowing through grid side inductors Lg (in 
Fig. 1) is adopted as the feedback variable to realize an 
accurate control of power injection without theoretical delay. 
The scheme of the current control loop expressed by transfer 
functions in continuous-time domain is shown in Fig 2. i* is 
provided by outer loops such as power controllers. 0 is the 
grid angular frequency which is commonly measured by a 
Frequency Locking Loop (FLL) synchronizing system, Kp and 
Kr are the proportional gain and resonant gain, Tsw is the 
switching period and one switching period is modeled as the 
modulation delay in the loop. The transfer function of the 
LCL+trap filter G(s) is the expression of I2/Vc (shown in Fig. 
1). And,  

1 = CoCtLoLgLt, 

2 = CoCtLoLgRco + CoCtLoLtRco + CoCtLgLtRco + 
CoCtLoLtRg + CoCtLgLtRco, 

3 = CoLoLg + CtLoLg + CtLoLt + CtLgLt + CoCtLoRcoRg +
CoCtLgRcoRo + CoCtLtRcoRo+ CoCtLtRcoRg+ CoCtLtRoRg, 

4 = CoLoRco + CoLgRco + CoLoRg+ CoLgRo+ CtLoRg+
CtLgRo + CtLtRo+ CtLtRg + CoCtRcoRoRg, 

5 = Lo + Lg + CoRcoRo + CoRcoRg + CoRoRg+ CtRoRg, 

6 = Ro + Rg. 

III. CONTROLLER TUNING METHOD

A. Analytical Solving of Controller Gains
The control is implemented digitally, and the control loop 

must be discretized in control tuning. In order to model the 
control loop to make it as close as possible to the real system, 
the whole control loop is discretized by sampling frequency fs.
Assuming that the switching frequency is lower than 5 kHz, 
which is usually the case for 100 kW converter systems, the 
sampling frequency of the control system fs can be adopted to 
be four times of fsw in order to ensure the synchronizing 
system working effectively and also realize an accurate 
discrete-time domain control. The transfer function of PR 
controller in continuous-time domain Gc(s) is shown in (1). 
Employing the backward Euler method in the direct branch of 
the resonant controller and forward Euler method in the 
feedback branch of the resonant controller, the transfer 
function of PR controller is discretized as Gc(z) and shown in 
(2), where Ts is the sampling period. Therefore the open-loop 
transfer function in discrete-time domain GOL(z) can be 
expressed in (3), where G(z) is the discrete-time domain 
transfer function of the filter. As all the values of the filter 
components are available, G(z) can be converted from the 
transfer function G(s) (shown in Fig. 2) by software like
MATLAB. Through this multiple sampling implementation, 
the modulation delay of one switching period is equal to 4 

sampling periods and is expressed by . 

                       (1)

 (2) 

                  (3) 

So the issue of determining the values of Kp and Kr turns 
into the issue of solving the formula of (3). As it is shown, (3) 
is a complex number equation, which can be converted to 2 
real number equations. So the degree of freedom is equal to 
the unknown numbers as long as the complex number z and 
the value of GOL(z) are specified.

In order to specify the values of z and GOL(z), it´s easier to 
consider the transfer function in continuous-time domain. 
When s is specified to cross-over frequency c, the module of 
GOL(s) is equal to 1, and the phase of GOL(s) is related to the 
phase margin. These relationships are shown in (4) and (5),
where phm is the system phase margin. Fixing the phase 
margin phm and cross-over frequency c in open-loop, the 
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values of controller gains Kp and Ki can be calculated through 
(6).  

1)(
c

jwGol                              (4) 

phmjwG
c

ol 180)(               (5) 

)180(1)( phmzG sTcjezOL            (6) 

B. Control Tuning
In order to obtain a group of controller gains that can make 

the system works properly with good dynamic response, c
and phm should be fixed reasonably. On this purpose, the 
tuning method is developed. By this method, c and phm are 
specified with different values, then different solutions of 
controller gains are obtained through solving (6). By 
comparing the dynamics of the numerous systems defined by 
each solution, an optimal solution is selected.

Therefore, as the first step of the tuning procedure, tuning 
range should be determined. A range of c and phm are 
determined in this step.

A 100 kW setup is taken here as an example to illustrate 
the tuning method. The associated parameters of the setup are 
shown in TABLE I. The nominal power of the converter S is 
100 kW.

TABLE I. PARAMETERS OF THE 100KW CONVERTER

Parameters Values

Vin / V 780 
Lo / H 778 
Lg / H 402 
Co / F 66 
Ct / F 30 
Lt / H 85 
Ro 0.0073 
Rg 0.0021 
Rco 0.5
S / kW 100 
f sw / Hz 3150
fs / Hz 12600
Utility grid / V /Hz 400 / 50

      Fig. 3 is plotted by specifying different c and phm, and for 
each solution, the stability margin, system settling time and 
overshoot to unitary step input are checked. Fig. 3a shows the 
relationship between c and gain margin Gm. As it is shown, 
with c above 1600 rad, the gain margin has no chance to be 
above 5 dB. In order to ensure the stability of the system, 
systems with gain margin lower than 5dB is not accepted in the 
tuning. Therefore, the upper bound of the tuning range of c is 

selected to be 12
sw (1649 rad), where sw is the switching 

angular frequency shown in (9). Fig. 3b shows the relationship 
between c and unitary step response settling time tss. As it is 
shown, with c below 600 rad, tss has no chance to be smaller 
than 25 ms. In order to ensure the system´s speed of response, 
solutions with tss larger than 25 ms are rejected in the tuning. 

So the lower bound of the tuning range of c is selected to be 

33

sw (599.8 rad). To sum up, the tuning range of c is shown 

in (7), where d is the tuning step length shown in (10).

(a)

(b)

(c)

Fig. 3. Interaction among different variables of the system: a) Interaction 
between c and gain margin Gm; b) Interaction between c and unitary step 
response settling time tss; c) Interaction between phm and unitary step 
response overshoot Os.

As shown in Fig. 3c, solutions with phm smaller than 40  
all has a unitary step response overshoot Os larger than 15%.
Since a larger overshoot will make the system have dangerous 
transient response which could even cause tripping or damage 
to the converter, the lower bound of the tuning range of phm is 
selected 40 . And the upper bound is selected 70 . The tuning 
range of phm is shown in (8).
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With the tuning range shown in (7)  (8), all the solutions 
that doesn’t exceed the limits shown in TABLE II will be
restored and one optimal solution can be selected. To select the 
optimal solution, different criteria can be used to rank the 
solutions and select the most desired one. In this tuning case, 
the solution with the largest bandwidth is selected, which is 
shown in TABLE III.

TABLE II. TUNING LIMITS FOR CURRENT CONTROLLER OF THE 100KW
CONVERTER

Variables Limits

Settling time(ms) <25
Overshoot (%) <15

Gain margin (dB) >5
Phase margin (º) >40

TABLE III. SELECTED SOLUTION FOR100KW CONVERTER

Variables Values

Kp 1.2163
Kr 0.5601

Settling time(ms) 22.5
Overshoot (%) 14.65

Gain margin (dB) 7.1276
Phase margin (º) 59.9995
Band width (rad) 6085

Cross-over frequency (rad) 1080

To have a clear view of the values shown in TABLE II, 
open-loop BODE plot is shown in Fig. 4, and the closed-loop 
system’s response to a unitary step is shown in Fig. 5.

Fig. 4. BODE diagram of the open-loop system defined by the selected 
solution. 

Fig. 5 The unitary step response of the system defined by the selected solution.

IV. RESULTS

A. Simulation Results
A simulated plant with the topology of Fig. 1 and the 

parameters of TABLE I is built in PSIM (Fig. 6), and the 
control is implemented by referring to a DLL file generated by 
C code. The controller structure shown in Fig. 2 with the gains 
shown in TABLE III is implemented. SVM algorithm is 
adopted for modulation, and the modulation signals are
generated by the control block and sent to the pulses 
generation block. The pulses generation block consists of three 
comparators with triangular wave as the input of the negative 
port. The triangular wave has a peak to peak value of 1, and 
the frequency is 3150Hz (switching frequency). The 
simulation results are shown in Fig. 7. 

Fig. 6. Simulation model of 100 kW converter with LCL+trap filter. 

      Fig. 7 shows the waveforms of three-phase current with 
their references and grid injection power during a transient 
state. Initially power reference of 50 kW and 37.5 kVar 
(inductive) is given, and at 0.3s, a step in power reference is 
given with the new reference of 100 kW and 75 kVar. It is seen
that the current are well regulated under both steady and 
transient. The power regulation settling time is below 25 ms,
which meet the design requirements. And the current tracks the 
reference without any static error.

3rd International Conference on Renewable Energy Research and Applications Milwakuee, USA 19-22 Oct 2014

ICRERA 2014 448



Fig. 7. Simulation results of 100 kW converter with LCL+trap filter. 

B. Experimental results
In order to further validate the proposed tuning method,

tests are conducted on an experimental plant (shown in Fig. 8).
In this case, the setup has the same structure as Fig.1, with 
different parameters shown in TABLE IV. The selected control 
parameters are shown in TABLE V, and the experimental
results are shown in Fig. 9. 

(a)

(b)

Fig. 8. Experimental system: a) Scheme of the experiments; b) Picture of the 
experimental setups. 

      Fig. 9 shows the waveforms of three-phase current, the 
current reference in phase A and grid injection power. A step 
of power reference is given increasing from 4 kw and 3 kvar to 

8 kw and 6 kvar. The current are well regulated under both 
steady and transient state, and the controller has a fast speed of 
response as desired, with very limited overshoot.

TABLE IV. PARAMETERS OF 10 KVA CONVERTER

Parameters Values

Vin / V 640
Lo / mH 2.6
Lg / H 662
Co / F 5.5
Ct / F 1
Lt / H 244
Ro / 0.025
Rg / 0.094
Rco / 1
S / KVA 10 
f sw / Hz 10050
fs / Hz 10050
Utility grid / V /Hz 400 / 50

TABLE V. SELECTED CONTROL PARAMETERS FOR 10 KVA CONVERTER

Variables Values

Kp 8.7818
Kr 7.7968

Settling time(ms) 11.6
Overshoot (%) 12.47

Gain margin (dB) 8.0197
Phase margin (º) 60.9998
Band width (rad) 7816

Cross-over frequency (rad) 2810

(a)

(b)

3rd International Conference on Renewable Energy Research and Applications Milwakuee, USA 19-22 Oct 2014

ICRERA 2014 449



(c)
Fig. 9. Experimental results of 10 kVA converter: a) Three-phase grid 

injection current and grid voltage in phase A; b) Grid injection current in phase 
A and its reference; c) Active and reactive power injection. 

V. CONCLUSIONS

This work proposed a Proportional Resonant current 
controller tuning method for grid connected power converters 
with grid linked LCL+trap filter. By analyzing the analytical 
relationship among the gains of the controller, the open-loop 
cross-over frequency and the phase margin. A formula for 
calculating the gains of the controller is found. By analyzing 
the interaction among different system variables, control tuning 
range is determined. Combining the formula and the tuning 
range, different solutions of controller gains are obtained, 
among which an optimal one is selected according to the 
design requirement.

This tuning method has been applied to multiple cases, not 
all presented in this paper, and more results will be presented in 
an extended version. The simulation results of 100 kW system
and experimental results of 10 kVA system are presented, and 
both results have demonstrated the method to be effective.  

ACKNOWLEDGMENT

This work has been partially supported by the Spanish 
Ministry of Science under the project ENE2011-29041-C02-
01. Any opinions, findings and conclusions or 
recommendations expressed in this material are those of the 
authors and do not necessarily reflect those of the host 
institutions or funders. 

REFERENCES

[1] WWEA. (April. 2014) WWEC2014: Key Statistics of World Wind 
Energy Report published [Online]. Available: http://www.wwindea.org

[2] IEA. (March. 2014) PVPS Report Snapshot of Global PV 1992-2013 
[Online]. Available: http://iea-pvps.org/index.php?id=92

[3] Jinbang Xu, Jun Yang, Jie Ye. ¨An LTCL Filter for Three-Phase Grid-
Connected Converters¨, IEEE Trans. Power Electronics, vol. 29, pp. 
4322-4338, 2014.

[4] Cantarellas, A.M., Rakhshani, E., Remon, D. ¨Design of passive trap-
LCL filters for two-level grid connected converters¨ 2013, EPE, pp. 1-9. 

[5] Beres, R., Xiongfei Wang, Blaabjerg, F. "Comparative analysis of the 
selective resonant LCL andLCL plus trap filters" 2014 OPTIM, pp. 740-
747. 

[6] Sangin Lee, Kui-Jun Lee, Dong-seok Hyun. “Modeling and control of 
a grid connected VSI using a delta connected LCL filter” 2008,
IECON, pp. 833-838. 

[7] D. W. Novotny and T. A. Lipo, Vector Control and Dynamics of 
ACDrives, New York : Oxford University, 1996. 

[8] A. V. Timbus, M. Ciobotaru, R. . "Adaptive Resonant Controller for 
Grid-Connected Converters in Distributed Power Generation Systems"
2006, Applied Power Electronics Conference and Exposition. 

[9] Li, B., Yao, W., Hang, L. “Robust proportional resonant regulator for 
grid-connected voltage source inverter (VSI) using direct pole placement 
design method” Power Electronics, IET, vol. 5, no. 8, pp. 1367–1373.

[10] Vidal, A., Freijedo, F.D., Yepes, A.G. “Assessment and Optimization of 
the Transient Response ofProportional-Resonant Current Controllers for 
Distributed Power Generation Systems”, IEEE Trans. Industrial
Electronics, vol. 60, no. 4, pp. 1367–1383. 

[11] Vidal, A. ; Freijedo, F.D. ; Yepes, A.G. “Transient response evaluation 
of stationary-frameresonant current controllers for grid-connected 
applications”, IET Power Electronics, vol. 7, no. 7, pp. 1714–1724. 

3rd International Conference on Renewable Energy Research and Applications Milwakuee, USA 19-22 Oct 2014

ICRERA 2014 450



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


