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Yuheng Wu, Student Member, IEEE, Mohammad Hazzaz Mahmud, Student Member, IEEE, Radha Sree Krishna

Moorthy

Abstract—The LCL filter has been widely used in the grid-tied in-
verter systems. However, the resonance of the LCL filter can reduce
the system stability margin and the control performance. Moreover,
the grid impedance variations can lead to the drift of the resonant
frequency, which can further worsen the system robustness. Thus, it
isimportant to know the actual resonant frequency of the LCL filter.
In this letter, an adaptive extremum seeking control (AESC) based
estimation scheme is proposed to estimate the resonant frequency
of the LCL filter online. By injecting a high-frequency (HF) signal
into the inverter output voltage, the AESC scheme can identify
the extremum of the LCL filter amplitude response, i.e., resonant
peak. The amplitude of injection signal is adaptive based on the
inverter HF response, which can address the tradeoff between
the dynamic response and inverter output current quality. Most
importantly, compare to other method, the proposed scheme has
very low computational complexity, which minimizes the burden to
the normal inverter controller operation. Stability analysis is given
in this letter, and experimental studies are conducted to validate
the effectiveness of the proposed scheme.

Index Terms—Adaptive extremum seeking control (AESC), low
computational complexity, resonant frequency estimation.

1. INTRODUCTION

OMPARED with the L-type filter, the LCL filter can
provide better switching ripple attenuation with reduced
filter volume, and thus, the LCL filter has been widely used
in grid-tied inverter systems. However, the resonance of the
LCL filter deteriorates the stability of the inverter system [1].
Moreover, the grid impedance variation can lead to the drift of the
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resonant frequency, which can turn the notch-filter-based active
damping schemes ineffective and worsen the system robustness
and stability [1], [2]. Thus, it is important to know the resonant
frequency of the LCL filter online, which can benefit the design
of adaptive active damping schemes and provide the information
of grid-side impedance [1]-[5].

In [1], the resonance of the LCL filter is excited by tuning the
controller first, and then the estimation of the resonant frequency
can be achieved by using discrete Fourier transform (DFT).
Based on the estimated resonant frequency, the notch-filter-
based active damping scheme can be adaptive [1] and the grid
impedance can also be calculated [3]. In [6], the parameters of
the LCL filter are estimated by a recursive prediction error (RPE)
algorithm, whereas a binary sequence is injected into the inverter
output voltage to excite the resonance of the filter. The recursive
least square (RLS) scheme is combined with the RPE scheme
to estimate the parameters of the LCL filter in [7], whereas the
pseudorandom binary sequence is used as the excitation signal.
However, both DFT scheme and recursive algorithms suffer from
the heavy computation burden, which may even affect the normal
operation of the inverter controller.

In this letter, an adaptive extremum seeking control (AESC)
based estimation scheme is proposed to estimate the resonant
frequency of the LCL filter in real time. The extremum seeking
control (ESC) algorithm can find the setpoint that extremizes the
system output without known plant dynamics [8]. By injecting
a high-frequency (HF) signal into the inverter output voltage,
the AESC scheme can seek the frequency that can maximize
the excited response, which is the resonant frequency of the
LCL filter. Compared with the conventional ESC scheme, where
a constant amplitude signal is injected, the proposed AESC
scheme can actively adjust the amplitude of the injection signal,
which can address the tradeoff between the scheme dynamic
response and the inverter output current quality. The stability
analysis of the AESC scheme is given, and experimental studies
have been conducted to validate the effectiveness of the proposed
scheme. Compared with the DFT scheme and recursive estima-
tion schemes, the AESC scheme has much lower computational
complexity, which can benefit the real-time realization and allow
the implementation on low-cost microcontrollers.


https://orcid.org/0000-0002-4016-9850
https://orcid.org/0000-0002-4712-9819
mailto:yuhengwu@uark.edu
mailto:mhmahmud@uark.edu
mailto:yuezhao@uark.edu
mailto:krishnamoorr@ornl.gov
mailto:chinthavalim@ornl.gov
https://doi.org/10.1109/TPEL.2021.3102063

60
Ig
Inverter —» PCC
Ly L, L,
J Uiny - Ug
Grid
(a)
50
& Ly~1 mH
k=2
° 0\
©
=
c
g -50r
=
-100
-90
S 135 fa=0
S -135 I I N
T Le=1 mH /
o -180 N
2 \\
o 25+ 5 g : [ i ——
-270 L
10" 10? 10°
Frequency (Hz)
(b)
Fig. 1. (a) Grid-tied inverter with an LCL filter and (b) typical frequency

response of the LCL filter.

II. AESC-BASED LCL FILTER RESONANT
FREQUENCY ESTIMATION

A. AESC-Based Estimation Scheme

Fig. 1(a) shows the schematic of the LCL-type grid-tied
inverter, where the LCL filter consists of Ly, C, and Ly, L, is
the grid impedance, u;yy is the output voltage of the inverter, u,
represents the grid voltage, i, is the grid-side current, and PCC s
the point of common coupling. In this work, the grid impedance
is considered as inductive. Besides, the number of resonances
is supposed as one, i.e., there is only one resonant frequency in
the grid-tied inverter system. The grid-side current i, satisfies

B Uiny (8) — (1 + LlCSQ) ug ()
s [Ll (L2 + Lg) Cs?2 4+ Ly + Ly + Lg}

. Litlo+L
and the resonant frequency is w, = 4/ % As an ex-
g9

ample, Fig. 1(b) shows the frequency response of the LCL filter
under different grid impedances. It can be seen that the grid
impedance can notably impact the resonant frequency of the
LCL filter.

Fig. 2(a) shows the inverter-level system diagram, where the
AESC-based estimation scheme is integrated with an existing
controller, i, is grid-side current, A is the amplitude of the
injection signal, weg; 1S the estimated resonant frequency of
the LCL filter, and m is the output of the existing controller.
The AESC scheme samples grid-side current i, and provides
the estimation of the resonant frequency west as well as the
amplitude of the injection signal A. Then, the signal injection
block injects a HF signal Asin(westf) into the inverter output

ey
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Fig.2. AESC-based resonant frequency estimation scheme: (a) inverter-level
system diagram and (b) detailed diagram of AESC.

voltage to excite the LCL filter. Fig. 2(b) shows the detailed
diagram of the proposed scheme, where HPF is the high-pass
filter, iy n¢ is the HF response of the grid-side current excited by
the injection signal, LPF is the low-pass filter, i 4,,1 and i 4,,,2 are
the outputs of the low-pass filters, respectively, g is the input of
the adaptive law, PI is the proportional-integral controller, I is
the integrator, and the unit delay blocks are used to cancel the
one-step delay caused by the digital control.

With the signal injection, the grid-side current can be written
as

Z‘g (t) :Ifund sin (wflllldt+¢f1111d) + B sin (westt+¢1 - ¢delay)
2)

where wgyng is the grid fundamental frequency, ¢gung is the
phase angle of the fundamental current, It,,,,q is the amplitude of
the fundamental grid-side current, B is the amplitude of the HF
response of the grid-side current that is excited by the injection
signal, ¢; is the phase angle of the LCL filter at frequency
West> and Pgelay 18 the phase delay caused by the digital control.
Assuming the HPF can eliminate the fundamental component,
and the extracted HF response of i, can be written as
ignf (t) = C'sin (West + @1 + P2 — Pdelay) 3)

where C is the amplitude of the extracted signal and ¢ is the
phase angle of the HPF at frequency west. It should be noted
that a properly design HPF should provide high attenuation
performance at the fundamental frequency and introduce low
amplitude and phase angle distortions at frequency wegt, i.€.,
C =~ B and ¢, =~ 0. Besides the signal injection, the estimated
resonant frequency is also used to demodulate the HF grid-side
current. In the cosine demodulation branch, the demodulated
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signal is

. C
COS (westt - ¢de1ay) X lg hf = 5 X

sin (¢1 + ¢2)
—_——

constant

+ sin (2west + P11+ @2 — 2¢delay) “)
double—frequency
Similarly, the demodulated signal in the sine branch is
_ . C
S11 (Westt - ¢delay) X lghf = 5 X | co8 ((bl + ¢2)
N———
constant

— 08 (2West + @1 + P2 — 2Pdelay) ®)

double—frequency

It can be seen that both demodulated signals consist of
low-frequency components and double-frequency components.
Especially, the low-frequency components, i.e., cos(¢1 + ¢2)
and sin(¢; + ¢2), contain the phase angle of the LCL filter.
Thus, the LPFs are used to remove the double-frequency com-
ponents and extract the low-frequency components. Supposing a
properly designed LPF can totally remove the double-frequency
components, the outputs of the low-pass filters can be written as

{ Gam1 = $ sin (¢1 + ¢2)

iam2 = 5 cos (1 + ¢2) - ©

As mentioned earlier, a properly designed HPF should satisfy
@2 =~ 0. Based on the frequency response of the LCL filter given
in Fig. 1(b), signal i 4,1 satisfies

tam1 < 0, West < Wy
ldm1 = waest = Wy
tdm1 > 07‘"~Jcst > Wy

(7

Thus, a PI controller is used to seek the estimated frequency
that can lead to i4,,1 = 0, where the estimated frequency is the
same as the resonant frequency of the LCL filter.

It should be noticed that under a constant amplitude of injec-
tion signal, i.e., A is a constant, the amplitudes of HF response,
i.e., Band C, vary at different wes; . In other words, the amplitude
response of the LCL filter, which is given in Fig. 1(b), determines
the ratio B/A. It can be seen that at the resonant frequency, the
ratio B/A is much larger than that at different frequencies. Small
amplitude of injection signal is preferred to improve the inverter
output power quality with slow dynamic response. In contrast,
a large amplitude A can improve the dynamic response of the
proposed scheme at the cost of steady-state current quality. To
address the tradeoff between the power quality of inverter and
the dynamic response of the proposed scheme, an adaptive law is
adopted to actively adjust the amplitude of the injection signal.
Based on Fig. 2(b) and (6), the input of the adaptive law satisfies

2
__ ;2 2 _
qd = 1gm1 +de2 - 4
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Fig. 3. Frequency response of the designed HPF and LPF.

which means ¢ can represent the amplitude of the HF response
of iy. Thus, a simple adaptive law is adopted as

o
C2q+

where J > 0 is a constant that limits the maximum amplitude
of the injection signal, and A > 0 is a constant that can avoid
dividing zero. With the adaptive law (9), the AESC scheme can
decrease the amplitude of the injection signal when wegst ap-
proaches w,, and thus, the inverter output current quality can be
improved. Meanwhile, a large amplitude of the injection signal
will be used when w.g; is far from the resonant frequency, which
can enhance the dynamic response of the proposed scheme.
Remark 1: With the estimated resonant frequency of the LCL
filter, i.e., west, it is possible to calculate the grid impedance.
According to Liserre et al. [3], assuming LCL filter parameters
are known, and the grid impedance is inductive, i.e., the grid
impedance can be represented by L, shown in Fig. 1(a). The
resonant frequency of the LCL filter without grid impedance can
Li+Lo

©))

be calculated as w,.1,c1, = .In the steady state, define

L1 ch
A = wZ; — w?pcpto represent the difference of resonant fre-
quency caused by the grid impedance. Then, the grid impedance

can be calculated as Ly = Lo(1775e5x — 1)-

B. AESC Design and Stability Analysis

As mentioned earlier, the HPF eliminates the fundamental
component from the grid-side current, whereas the LPFs remove
the double-frequency components from the demodulated sig-
nals. Here, a second-order HPF is used to reduce the complexity.
Its transfer function can be written as

s2

HPF (s) = GraP

(10)
where « is the bandwidth of the HPFE. It can be seen from (6)
that the accuracy of the estimation scheme depends on the phase
angle of the HPF at the estimated frequency, i.e., 2. Meanwhile,
the bandwidth of the HPF also determines the attenuation of
the fundamental grid-side current. In this work, the bandwidth
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of the HPF is set as 1.5 times of the fundamental frequency,
i.e., @« = 1.5wgung, which can provide about 10-dB attenuation
performance.

The LPFs need to remove the double-frequency components
from the demodulated signals. However, as the LPFs and the PI
controller are inside of the feedback loop, the stability of the
proposed scheme should be analyzed. Supposing second-order
LPFs are adopted, which can be written as

B2
(s+8)°

where [ is the bandwidth of the LPF. The PI controller can be
written as

LPF (s) = (1D

ki
PI(s)=k,+ — (12)
S

where k,, and k; are the gains of the PI controller. To simplify
the controller design, the ratio between k; and k,, is set as 3, i.e.,
ki = pk,. Based on Fig. 2(b), the estimated resonant frequency

satisfies

dwest didml
=k 13
dt Pt (13)

Define the estimation error e as e = w,—west, and a Lyapunov
function V can be defined as

+ kitdm1-

1
V = 562.

Supposing the actual resonant frequency w,. is slow time-
varying. The derivative of V can be calculated as
_ dwest

dV de e — ek didml
dt Podt

Define an intermediate variable p that satisfies

at - Cat
_ 1 didml .
p= 3 < dt +ﬁzdm1> .

Actually, the intermediate variable p can be regarded as the
output of a virtual first-order LPF /3/(s+f3), and the input of the
virtual LPF is the same as that of the LPF shown in Fig. 2(b).
With the variable p, (15) can be rewritten as

av. 1 digm1
a ( Pt

The intermediate variable p also satisfies (7) by replacing i ,,,1
with p if the virtual LPF can effectively attenuate the double-
frequency components. Thus, based on the Lyapunov criterion,
the proposed scheme is stable if k,<0.

According to the aforementioned stability analysis, it can
be seen that the design of the LPF filter bandwidth should
be low enough to reject the double-frequency component. In
practice, the resonant frequency w, usually is much high than
the fundamental frequency we,yq. In this article, the bandwidth
[ is set the same as the fundamental frequency, i.e., 5 = Wund-
Fig. 3 shows the frequency responses of the designed HPF and
LPF.

Remark 2: Compared with the recursive estimation schemes
[6], [71, [12], the complicated matrix computation is avoided in
the proposed scheme. Based on Fig. 2(b), Table I summarized

(14)

+ kiidml) . (15

(16)

+ kiidnﬂ) - _eﬁkpp (17)
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TABLE I
SUMMARY OF THE PROPOSED SCHEME

Operation Complexity
N"-order HPF O(N)
Demodulation o(l)
N"-order LPF O(N)

Square Operation: () o(1)
Pland I o(1)
Adaptive Law o(1)

Unit Delay o(1)

cos() and sin() o)

the operation and the complexity of the proposed scheme, where
the complexity is presented by using the big O notation [12].

It can be seen from Table I that except for the LPF and HPF,
the complexity of all the other blocks shown in Fig. 2(b) is in the
order of O(1). Considering the order of the LPF and HPF is N,
the overall computational complexity of the proposed scheme
is in the order of O(N). The complexity of the RLS scheme is
O(N?) [12], where N is the number of parameters to be estimated.
Thus, the proposed scheme has much lower complexity com-
pared with the recursive estimation schemes. As an example, in
this work, the order of filters is set as N = 2, whereas the number
of parameters to be estimated in [6] and [7] is N = 5.

III. EXPERIMENTAL STUDIES

To validate the effectiveness of the proposed scheme, experi-
mental studies have been conducted. Fig. 4 shows the experiment
setup, where a grid simulator is used to simulate the grid, a
single-phase inverter with LCL filter is used as the grid-tied
inverter, and the controller is implemented on a dSPACE Mi-
croLabBox. The resonant frequency of the LCL filter is w, =
1200 Hz. The parameters of the AESC scheme are set as o =
90 Hz, 5 =60 Hz, J=0.5, 1 = 0.1, and k,, = 100.

Fig. 5 shows the experiment results. The initial value of the
estimated resonant frequency wegt,init i set higher and lower
than w,. in Fig. 5(a) and (b), respectively, to validate the conver-
gence performance from both directions. The proposed scheme
can achieve convergence within three fundamental cycles in both
tests. Moreover, the adaptive law can actively adjust the ampli-
tude of the injection signal to tradeoff between dynamic response
and steady-state current quality. Fig. 6 shows the estimation
performance under a highly distorted grid. Similar to the results
given in Fig. 5, the proposed scheme can provide satisfactory
estimation result even under highly distorted grid voltage and
current. Besides, Fig. 7 shows the estimation performance of
the proposed scheme under the weak grid condition, where
an additional 1-mH inductor is added between PCC and grid
simulator to represent the grid impedance L,. Due to the grid
impedance, the resonant frequency of the LCL filter reduces to
900 Hz, and the proposed scheme can still provide an accurate
estimation of the actual resonant frequency.

To compare the computational complexity of the proposed
scheme with recursive estimation schemes presented in [6] and
[71, the proposed scheme and RLS scheme have been imple-
mented in both the MicroLabBox and a TIDSP TMS320F28335.
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Fig. 5. Performance of proposed scheme with differential initial conditions:
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The code for MicroLabBox is generated and downloaded into
MicroLabBox by using Simulink Coder. The code for the TIDSP
is also generated by MATLAB/Simulink and downloaded to the
DSP by using Code Composer Studio. The measurement of the
execution time follows the guides that are provided by dSPACE
and MATLAB, respectively [10], [11]. In the MicroLabBox,
the execution time of the proposed scheme is 1.1 us, whereas
the RLS scheme needs 2.2 ps. Similarly, the proposed scheme
costs 18.5 us in the TI DSP, whereas the RLS scheme costs
68.3 us, which means that the proposed scheme has much less
computational complexity and is more suitable for real-time
applications.
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IV. CONCLUSION

An AESC-based LCL resonant frequency estimation scheme
is proposed in this letter. By injecting a HF signal into the inverter
output voltage, the AESC scheme can seek the actual resonant
frequency of the LCL filter in real time. Besides, the adaptive
law of the AESC scheme can actively adjust the amplitude
of injection signal to address the tradeoff between dynamic
performance and steady-state current quality. The proposed
scheme has much less computational complexity compared with
the state-of-the-art solutions. Stability analysis is presented to
guide the controller design, and experimental studies have been
conducted to demonstrate the effectiveness of the proposed
scheme.



64

(1]

(2]

(3]

(4]

(5]

REFERENCES

R. Peia-Alzola, M. Liserre, F. Blaabjerg, M. Ordonez, and T. Kerekes,
“A self-commissioning notch filter for active damping in a three-phase
LCL-filter-based grid-tie converter,” IEEE Trans. Power Electron., vol. 29,
no. 12, pp. 6754-6761, Dec. 2014.

W. Wu, Y. Liu, Y. He, H. S. Chung, M. Liserre, and F. Blaabjerg, “Damping
methods for resonances caused by LCL-filter-based current-controlled
grid-tied power inverters: An overview,” IEEE Trans. Ind. Electron.,
vol. 64, no. 9, pp. 7402-7413, Sep. 2017.

M. Liserre, F. Blaabjerg, and R. Teodorescu, “Grid impedance estimation
via excitation of LCL-filter resonance,” IEEE Trans. Ind. Appl., vol. 43,
no. 5, pp. 1401-1407, Sep./Oct. 2007.

A. V. Timbus, R. Teodorescu, F. Blaabjerg, and U. Borup, “Online grid
measurement and ENS detection for PV inverter running on highly induc-
tive grid,” IEEE Trans. Power Electron., vol. 2,no. 3, pp. 77-82, Sep. 2004.
P. Garcia, M. Sumner, A. Navarro-Rodriguez, J. M. Guerrero, and J. Garcia,
“Observer-based pulsed signal injection for grid impedance estimation
in three-phase systems,” IEEE Trans. Ind. Electron., vol. 65, no. 10,
pp. 7888-7899, Oct. 2018.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 37, NO. 1, JANUARY 2022

(6]

(71

(8]
[91

[10]

[11]

[12]

V. Pirsto, J. Kukkola, F. M. M. Rahman, and M. Hinkkanen, “Real-time
identification of LCL filters employed with grid converters,” IEEE Trans.
Ind. Appl., vol. 56, no. 5, pp. 5158-5169, Sep./Oct. 2020.

J. Koppinen, J. Kukkola, and M. Hinkkanen, “Plug-in identification
method for an LCL filter of a grid converter,” IEEE Trans. Ind. Electron.,
vol. 65, no. 8, pp. 6270-6280, Aug. 2018.

K. B. Ariyur and M. Krsti¢, Real Time Optimization by Extremum Seeking
Control. New York, NY, USA: Wiley, 2003.

Embedded Coder Support Package for Texas Instruments C2000 Pro-
cessor. 2021, [Online]. Available: https://www.mathworks.com/help/
supportpkg/texasinstrumentsc2000/index.html?s_tid=CRUX_Iftnav
Real-Time Code Execution Profiling. 2021, [Online]. Available: https:
/Iwww.mathworks.com/help/supportpkg/texasinstrumentsc2000/ug/real-
time-code-execution-profiling.html

Measuring Execution Times of Blocks and Subsystems. 2019, [Online].
Available: https://www.dspace.com/shared/support/faqpdf/faq023.pdf

J. Jiang and Y. Zhang, “A revisit to block and recursive least squares for
parameter estimation,” Comput. Elect. Eng., vol. 30, no. 5, pp. 403-416,
Jul. 2004.


https://www.mathworks.com/help/supportpkg/texasinstrumentsc2000/index.html&quest;s_tid&equals;CRUX_lftnav
https://www.mathworks.com/help/supportpkg/texasinstrumentsc2000/ug/real-time-code-execution-profiling.html
https://www.dspace.com/shared/support/faqpdf/faq023.pdf


<<
  /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 true
  /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


