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Online Frequency Response Measurements of Grid-Connected Systems in
Presence of Grid Harmonics and Unbalance

Roni Luhtala™”, Henrik Alenius

Abstract—Grid characteristics have a drastic impact on the
stability and control performance of grid-connected systems. Be-
cause the grid conditions typically vary over time, online measure-
ments are most desirable for the stability assessment, protection
design, and control system optimization of the systems. Previous
studies have presented methods based on Fourier techniques and
broadband sequences, with which the frequency responses of the
grid-connected systems, such as the grid impedance or inverter
control loops, can be measured. However, online measurements
under unbalanced grids with harmonic voltages have not been
comprehensively considered. This letter demonstrates how the pre-
viously applied online measurement methods fail in the presence
of unbalanced grid and voltage harmonics due to the spectral
leakage caused by the Fourier transform. This letter also proposes
a simple signal design method to avoid the leakage. Experimental
results based on a high-power grid-connected system are shown to
demonstrate the effectiveness of the proposed method.

Index Terms—Discrete fourier transforms, frequency response,
measurement errors, power system identification, spectral analysis.

1. INTRODUCTION

HE performance and stability of grid-connected power
T electronics applications are significantly affected by the
interfaced grid [1]-[4]. Since the grid conditions vary over
time, online measurements of the grid impedance and the
load-affected converter ac-side dynamics are most desirable for
obtaining the system stability margins in the grid connection
point. Additionally, online measurements acquired in real time
allow novel control strategies, such as adaptive control or ad-
justment of the protection parameters. Such measurements have
become popular in power electronics applications, including
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grid-connected converters [5]-[8]. In most of the presented
methods, a broadband perturbation, such as pseudorandom bi-
nary sequence (PRBS) is injected into the system, and the Fourier
analysis is applied to extract the corresponding frequency com-
ponents in the responses.

A single converter may face unpredictable grid conditions,
such as a weak grid or poor grid voltages [2], [9]. The distur-
bances in grid voltages, such as voltage harmonics, may cause
errors in the frequency response measurements. Although the
issues related to unbalanced or harmonic-polluted grid voltages
are widely known, the impact of the voltage waveforms on the
online measurements has not been previously considered. This
letter discusses the measurement issues under the unbalanced
grid with a high harmonic content and introduces a design
procedure of the perturbation signal to suppress the issues.

The grid harmonics appear as periodic oscillations in the
measured samples. When the discrete Fourier transform (DFT)
is applied, the periodic oscillations may leak to other frequencies
through two undesired features known as the spectral leakage
and the picket fence effect (PFE) [5], [10]. The PFE appears if
the discrete spectrum, produced by the DFT, does not include
exactly the frequencies of periodic oscillations. This results in
leaking to the nearest available frequency bins [11]. The spectral
leakage occurs when the DFT is applied on samples that contain
noninteger periods of periodic signals, causing those frequencies
to leak over a wide frequency band [12].

The grid fundamental and its harmonics appear at specific
frequencies. This means they can be taken into account when
adjusting the measurement time so that each measured sample
contains integer periods of the grid fundamentals, and thereby,
also its harmonics. This suppresses the spectral leakage caused
by grid harmonics and unbalance.

This letter shows how the spectral leakage deteriorates the
online frequency response measurements under grid harmonics
and unbalance. It also introduces a design procedure to remove
the spectral leakage from the measurements.

The remainder of this letter is organized as follows. Section II
reviews the online frequency response measurements and issues
related to the spectral leakage. Section III introduces the applied
broadband perturbations that are suitable for the dg-domain mea-
surements and proposes a design procedure for measurements
under the grid unbalance and harmonics. Section IV shows high-
power experimental results, in which spectral leakage occurs,
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Fig. 2. Typical frequency response measurement setup.

and how the proposed design procedure can be used to remove
the leakage. Section V draws the conclusion.

II. ONLINE MEASUREMENTS OF GRID-CONNECTED SYSTEMS

Fig. 1 shows a three-phase grid-connected inverter. The in-
verter is controlled based on measurements from the dc- and
ac-side waveforms. The same measurements can be used for
the frequency response identification, which usually requires
an excitation signal to be injected into the system. A typi-
cal frequency response measurement setup for the multi-input
multi-output (MIMO) identification is illustrated in Fig. 2. In
this example, two signals are perturbed, the system responses are
measured, and the frequency response is computed using Fourier
techniques [7]. The online measurements can be performed
either for the grid- or the inverter-side transfer functions, thus
obtaining, for example, the grid impedance or inverter control
loops.

Three-phase grid-connected systems are often analyzed in the
dgq domain, where three-phase ac quantities can be transformed
into two dc quantities, d and ¢ components [1]. In the dq domain,
full-order transfer functions are represented as 2 X 2 matrices
that include direct (dd and qq) and cross-coupling (dq and gd)
components. The dg-domain measurements can be performed
in accordance with the setup shown in Fig. 2, where Signall and
Signal2 correspond to the d and ¢ components. In the computed
frequency response matrix, the diagonal components (G ; and
G ) usually refer to direct components (G4q and G 4,) and the
off-diagonal components (G » and G 1) refer to crosscouplings
(Gaq and G 4q).

In online measurements of the grid-connected systems, the
grid cannot be considered as an ideal three-phase voltage source,
due to the occurrence of nonidealities, such as harmonics, un-
balance, or noise. The measurement noise is usually relatively
low and can be mitigated by simply increasing the signal-to-
noise ratio (SNR) of the measurements by applying the higher
perturbation amplitude or by averaging the measurements over
multiple measurement cycles [10].
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The grid harmonics and unbalance appear as periodic os-
cillations in the measured data. When the DFT is applied,
two unwanted features may appear: spectral leakage and PFE
[12]. These features deteriorate the spectral estimation and may
cause drastic errors in the frequency response measurements [5],
especially at frequencies near the grid voltage harmonics. The
PFE results from noncoherent sampling as a discrete spectrum
of the DFT does not include exactly the same frequencies that
appear in the measured data, causing these frequencies to leak
to the nearest frequency bins. The spectral leakage appears if the
measured time-domain data do not include exact integer periods
of each periodic signal components, such as the grid voltage
fundamental and its harmonics. If the DFT sample contains
fractional periods of periodic signals, the DFT interprets them
as discontinuations that cause spectral leakage over a wide
frequency band.

III. MEASUREMENT DESIGN
A. Orthogonal Pseudorandom Sequences

A maximum-length binary sequence (MLBS) is a widely
applied broadband excitation in the frequency response mea-
surements of power electronics systems [5]. The MLBS can
be easily modified; the sequence has the lowest possible crest
factor and is periodic over its length N = n? — 1, where n is
an integer [10]. Considering the measurement setup shown in
Fig. 2, one can apply orthogonal binary sequences for simul-
taneously measuring the full impedance matrix [6], [7]. In the
method, two orthogonal sequences are simultaneously injected
into d and ¢ channels. As the injections have energy at different
frequencies, several (coupled) impedance components can be
measured during a single measurement cycle.

The work in [6] and [7] applied a method based on Hadamard
modulation for generating orthogonal binary sequences. In the
method, the conventional MLBS is used as a first injection. The
second (orthogonal) injection is obtained by doubling the MLBS
and inverting every other digit. Due to inverse-repeated charac-
teristics of the second injection, the power of the even-order
harmonics equals to zero and, thus, must be neglected from the
frequency response measurements [6].

B. Measurement Parameters

The optimal online measurement design avoids unnecessarily
long measurement time and high injection amplitude, while still
providing the sufficient SNR. Averaging reduces the effect of
the noise, but the spectral leakage may still remain. The leakage
can be minimized by designing the measurement setup so that an
integer number of the grid fundamental cycles (and, thereby, also
its harmonics) occurs in the measured sample. The number of
the grid fundamental cycles that occur during the measurement
time can be given as

N
—Pfe=(R+r) ey

gen
where P is a number of averaged MLBS (generated at fyen)
periods and f, is a grid fundamental frequency. The number of
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grid fundamental cycles is separated to its integer part (R) and
fractional part (1), from which the nonzero r causes the spectral
leakage. The time difference AT between the measurement time
and the nearest multiple of the periodic cycle can be given as

AT = abs ing — round (NPfg>} 1 2)
f gen f gen f g

where the operator round gives the nearest integer of the grid
fundamental. By varying the averaged periods, the local mini-
mum of the spectral leakage is expected when AT'(P) (and r)
is minimized, representing the proposed measurement design.
The following design procedure yields parameters to minimize
the spectral leakage.

1) Adjust feen = m(2f;), where m is an integer.

a) Converter switching frequency fy,, restricts the pos-
sible choices as feen = fsw/€, Where e is an integer.

2) Choose P = fgen/ f, or multiple of it.

a) Tieas = P(N/ foen) = a(1/fs), where a is an
integer.

b) This results in @ = N, and thus, T, includes
exactly R = N fundamental grid cycles and r» = 0.

3) N can be chosen without restrictions to satisfy the desired

measurement characteristics.

As a result of the proposed design procedure, an integer
amount of the grid fundamental cycles (and, consequently, its
harmonics) is measured. Therefore, the spectral leakage caused
by grid voltage harmonics is avoided.

C. Measurement Accuracy

The measurement accuracy can be assessed by its variance o2,
Higher values indicate increased variability between consecutive
measurements and errors around the reference, thus making
the measurement system unreliable. In this letter, a smooth
impedance Z; is used as a reference, produced by a MATLAB’s
curve-fitting tool from a measurement under ideal grid voltages.
The variance can be computed as

o0
02 = Z [ZFil(f) - Zmeas(f)]2 3)
f=1

where the variance of the reference is considered as zero. It
may be assumed that each dg-domain channel (including cross-
couplings) has approximately equal SNR during measurements,
and they can be taken equally into account when comparing the
measurement results to each other. Thus, the total variance of
measurement is computed over the entire dg-domain impedance
matrix as

2 2 2 2 2

IV. EXPERIMENTS

The experiments are performed using a high-power PHIL
setup in accordance with Fig. 1. The system is implemented by
two 200-kVA Egston voltage amplifiers and the grid impedance
by three-phase inductors. The amplifiers are used to emulate
a three-phase grid and a grid-connected converter. The mea-
surement system is described in detail in [8]. In the following
experiments, the grid impedance is measured in the dg domain.
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Fig. 3. Polluted grid waveforms without injection.

TABLE I
NEAREST DISCRETE SPECTRUM FREQUENCY POINTS TO THE GRID HARMONICS

f (Hz) 50 100 150 300
Below | 48.85  97.70 149.00  298.00
Above | 51.29 100.15 151.44 300.44

The currents and voltages are measured from the output ter-
minal of the inverter emulator and the data is captured by a
measurement card (NI USB-6363). The data are operated by the
MATLAB/Data Acquisition Toolbox.

Fig. 3 shows samples of the highly distorted grid voltages
(230V, 50Hz), under which the experiments are performed. One
of the phases is in 20% unbalance and all phases include 5% of
the positive-sequence second and seventh harmonics, as well as
negative-sequence second and fifth harmonics.

A. Grid Impedance Measurements

Two orthogonal sequences were designed and injected into
the references of the current controller. The first sequence had
2047 bits and the second had 4094 bits. Both sequences were
generated at 5 kHz, providing 2.44 Hz (5000/2047 Hz) frequency
resolution. The number of averaged periods varied between the
measurements in order to achieve desired measurement time that
minimizes AT The unbalance occurs at 50 and 100 Hz in the dg
domain, and the present harmonics at 50, 150, and 300 Hz. As
the frequency resolution of the measurements does not produce
the discrete spectral line at 50Hz, the PFE occurs and the
harmonics leak to the nearest discrete spectrum frequencies,
given in Table L.

Fig. 4 shows the measured grid impedance with two different
number of averaged periods. The blue line represents one of the
proposed measurement designs (P = 100), where the measured
data includes an integer amount of the fundamental grid cycles
(R = 2047, r = 0, AT = 0). Therefore, the grid impedance
measurement does not show any spectral leakage, only the PFE
distort the measurement near the grid harmonics, which can
be predicted. Red line (P = 108) represents design without
considering the spectral leakage minimization as the fractional
part of grid fundamental cycle occurs in the measured data
(R =12210,r =0.76, AT = 4.8 ms). Fig. 5 illustrates the time
difference between the measurement time for different number
of averaged periods and the nearest full period of fundamental
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grid voltage. When P = 100 (left), the time difference equals
to zero and no spectral leakage occurs. The time difference with
P = 108 (right) produces spectral leakage, which deteriorates
the measurements, as shown in Fig. 4.

Fig. 6 shows the variance, averaging trend line, and the time
difference to the grid fundamental cycle AT(50Hz) and its
second harmonic AT'(100 Hz) with varying number of averaged
periods. The local minimums of AT'(50 Hz) give the proposed
parameterization to minimize the spectral leakage. The variance
follows the averaging trend line otherwise, but the variance is
significantly decreased at the local minimums of AT'(50 Hz).
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To illustrate the appearance of the spectral leakage, Fig. 7
shows the measurement variance as a function of the frequency
with three different P values, given as

1) P =184 (red bars), chosen from local minimum of

AT(100 Hz), which mitigates the spectral leakage of
even-order grid harmonics (here 100 and 300 Hz).

2) P = 176 (blue bars) representing design not considering

the spectral leakage.

3) P = 168 (black bars), chosen from local minimum of both

AT(50 Hz) and AT'(100 Hz), which mitigates the spectral
leakage from all grid harmonic frequencies.

V. CONCLUSION

Wideband identification methods have become popular in the
analysis of grid-connected systems. However, recent studies
have not considered the undesired spectral leakage that dete-
riorates the measurements under unbalanced grid conditions or
under high harmonic content in the grid voltages. The unbalance
and harmonics occurred as periodic oscillations in the measured
data and leaked over a wide frequency band during the signal
postprocessing. This letter presented methods to mitigate the
spectral leakage by adjusting the measurement parameters such
that an integer amount of grid-fundamental cycles was included
in the measured data. Consequently, the spectral leakage caused
by signal processing was avoided, and the frequency responses
were obtained with significantly more accuracy. The proposed
method was well applicable both in dg- and sequence-domain
measurements. Experimental measurements based on a high-
power PHIL system were shown to demonstrate the effectiveness
of the proposed method.

ACKNOWLEDGMENT

This research and testing has been performed using the
ERIGrid Research Infrastructure.

REFERENCES

[1] A.Rygg and M. Molinas, “Apparent impedance analysis: A small-signal
method for stability analysis of power electronic-based systems,” IEEE
J. Emerg. Sel. Topics Power Electron., vol. 5, no. 4, pp. 1474-1486,
Dec. 2017.



IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 35, NO. 4, APRIL 2020

[2]

[3]

[4]

[5]

[7]

T. Messo, R. Luhtala, A. Aapro, and T. Roinila, “Accurate impedance
model of grid-connected inverter for small-signal stability asssessment in
high-impedance grids,” IEEJ J. Ind. Appl., vol. 8, pp. 488-492, 2019.

L. Jessen and F. W. Fuchs, “Modeling of inverter output impedance for
stability analysis in combination with measured grid impedances,” in Proc.
IEEE 6th Int. Symp. Power Electron. Distrib. Gener. Syst., 2015, pp. 1-7.
M. Cespedes and J. Sun, “Online grid impedance identification for adaptive
control of grid-connected inverters,” in Proc. IEEE Energy Convers. Congr.
Expo., 2012, pp. 914-921.

J. Schoukens, K. Godfrey, and M. Schoukens, “Nonparametric data-
driven modeling of linear systems: Estimating the frequency response
and impulse response function,” IEEE Control Syst. Mag., vol. 38, no. 4,
pp. 49-88, Aug. 2018.

T. Roinila, T. Messo, and E. Santi, “MIMO-identification techniques for
rapid impedance-based stability assessment of three-phase systems in dq
domain,” IEEE Trans. Power Electron., vol. 33, no. 5, pp. 4015-4022,
May 2018.

R. Luhtala, T. Roinila, and T. Messo, “Implementation of real-time
impedance-based stability assessment of grid-connected systems using
MIMO-identification techniques,” IEEE Trans. Ind. Appl., vol. 54, no. 5,
pp- 5054-5063, Sep./Oct. 2018.

[8]

[9]

(10]

(11]

[12]

3347

T. Roinila et al., “Hardware-in-the-loop methods for real-time
frequency-response measurements of on-board power distribution sys-
tems,” IEEE Trans. Ind. Electron., vol. 66, no. 7, pp. 5769-5777,
Jul. 2019.

C. Li, “Unstable operation of photovoltaic inverter from field expe-
riences,” [EEE Trans. Power Del., vol. 33, no. 2, pp. 1013-1015,
Apr. 2018.

K. R. Godfrey, Perturbation Signals for System Identification. Hemel
Hempstead, U.K.: Prentice-Hall, 1993.

G.W.Chang, C.I. Chen, Y.J. Liu, and M. C. Wu, “Measuring power system
harmonics and interharmonics by an improved fast Fourier transform-
based algorithm,” IET Gener., Transmiss. Distrib., vol. 2, no. 2, pp. 193—
201, Mar. 2008.

H. Wen, Z. Teng, Y. Wang, B. Zeng, and X. Hu, “Simple interpolated
FFT algorithm based on minimize sidelobe windows for power-harmonic
analysis,” IEEE Trans. Power Electron., vol. 26, no. 9, pp. 2570-2579,
Sep. 2011.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


