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Abstract

Matrix converter (MC) is an AC-AC converter which
provides power flow between AC power supply and the load
with different voltage and current requirements. Its
relatively small power circuits and simple control
structures provide considerable advantages to itself
according to the classical AC-AC converter topologies. In
this simulation study, optimal control approach based on
Crazy Particle Swarm Optimization (CPSO) algorithm is
suggested in order to control the Direct Matrix Converter
(DMC). The function of CPSO algorithm in the proposed
controller is to both minimize the cost function which is the
significant part of the optimal controller and also produce
the optimum switching states at each switching period. At
the end of the study, the results obtained from the DMC
system show that the CPSO algorithm based optimal
controller provides desired steady-state response towards
different load frequency conditions.

1. Introduction

MATRIX converter (MC) is basically an AC-AC converter
that converts two different AC powers between each other,
which have different voltage and/or current parameters. But
there is a significant difference separated it from the classical
AC-AC converters: the matrix converters directly convert AC
power without any de-link capacitance or the other large energy
storage elements [1]. In addition to this, some significant
features such as providing sinusoidal input and output currents,
having regeneration capability and having relatively simple and
software based control structures are acquired more importance
to the MCs [1], [2]. Although the first idea on MC was
suggested by Hazeltine’s patent in 1923 [3] and the other
milestones noted by Friedli and Kolar [4] have been exposed
beginning from 1950s, the first practical works start with
Venturini and Alesina in 1980 [5], [6]. Venturini suggested the
new control method for a single-stage DMC with mxn
bidirectional power switches in his study [11]. This type of MC
topology directly connects an m-phase voltage source to an n-
phase load [2], [5], [6], [7]. Surely, the most useful version of
this topology has an input of 3-phase voltage source and an
output of 3-phase load as depicted in Fig. 1. Afterwards, a lot
of simulations and practical studies about this structure have
been realized and published in literature along with developing
power electronics and control technologies. These studies are
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also reviewed in detail by Wheeler et al. [2] and Rodriguez et
al. [7]. It can be seen from these reviews that the control
technique applied to the MC has high importance in order to
produce desired output voltage and current and also stability of
the system. In the case of three-phase AC-AC converter, the
DMC has nine bidirectional power switches which are
separated in threes for each phase as noted above. In each
switching period, on-off states of the power switches are
changed by the applied control technique so as to produce the
output voltage and current with desired amplitude and
frequency. Actually, an output voltage of any phase is total of
the average values of the instantaneous input phase voltages
transferred to the related output by switching the chosen power
switches in that period. According to this, overall output
voltage of the converter is obtained by appending these average
output voltages consecutively. Due to provide this mechanism
effectively, different control techniques have been applied to
DMC in literature so far [7].
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Fig. 1. DMC system topology with RL load.

In literature, the however, the heuristic optimization
algorithms such as genetic algorithm, differential evolution, ant
colony etc. can offer more powerful methods in order to
minimize the cost function for DMC control system as similar
to the MPC method. When the DMC control system is
evaluated as an optimization problem, these algorithms can be
used as an optimal controller by himself and their stochastic
search capabilities can increase the robustness of the controller
towards different working conditions. As a matter of fact,
Hosseini and Babaei applied the Least Mean Square Error
(LMSE) method in order to produce the optimum switching
states for DMC [8]. After that, Zanchetta obliquely used



Genetic Algorithm in order to automatically tune the PI
regulator used in 40 kVA ground power supply including DMC
unit controlled with space vector modulation method in 2004
[9], and Villarroel et al. directly applied Fuzzy Logic method
for selection of the switching states of DMC system in 2011
[10]. One year after, Sivarani et al. successfully used Fuzzy
Logic controller, Particle Swarm Optimization tuned Fuzzy
Logic controller and Adaptive Neuro-Fuzzy (ANFIS) controller
as a switching strategy in an induction motor driver based on
DMC system [11]. At the same year, Ghoni et al. used hybrid
PSO (HPSO) algorithm due to the voltage vector selection
process of the direct torque control for DMC [12].

This study proposes the heuristic optimization algorithm
based control approach to both minimize the cost function and
then produce the optimum switching states for a DMC working
in different load frequency conditions. Heuristic optimization
algorithms optimize the problems iteratively in accordance with
given algorithm including significant convergence rules. The
probable solutions are converged step by step to the real
solution named global optimum in each iteration. The
convergence rules can involve some randomness parameters in
order to increase the ability to go to the global optimum
without falling into the local optimums. This feature mostly
improves robustness of the optimization process. In parallel,
the aim of using this type of optimization algorithm as a
controller in this study is to provide robustness of DMC system
for different working conditions such as changing output
frequency. For this purpose, the CPSO algorithm which is
introduced by Roy and Ghoshal in 2008 is preferred by the
author because of its proved superior optimization performance
among the other heuristic algorithms [13].

2. Direct Matrix Converter Model

A 3x3 DMC has 9 bidirectional power switches driven with
27 valid switching states as mentioned above. These switching
states are generated to avoid both open circuits at the load side
and short circuits at the supply side [14]. The switching
function for a switch is represented in (1). Also a direct
commutation matrix T(S;) depicted in (2) is composed from (1).

1, S; — closed
S; = (D
0, S; — open
S8 83
T(s{)=|S3 S5 S§ @
sk skosk

where i =1, 2, ..., 9. The DMC model is obtained by using (1)
and (2).
k ky ok
vo =T(S;)wv; (3)
-k kNT -k
i; =T(S;)" i, 4)
However, a discrete-time model of DMC is needed in order
to minimize the given cost function and last, to produce the
best switching states which will be applied to the real DMC as
similar to MPC method. Before the discrete-time model is
composed, input and output dynamics of the DMC system are

represented by the following continuous-time equations
according to Fig. 1 [14],
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The state-space model with the variables vi and is can be
also obtained from these equations as depicted below,

v v 2
H:A{ }+B{} ®)
i i i
1 1
0 /Cf 0 /Cf
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Ly 7 Cy

Consequently, a discrete-time model of DMC represented
below can be obtained by using zero-order hold method [14].

k+1 k k
B;‘M} - d{j;; } + r{” (10)
q):|:¢ll ¢12:|:eA.TA (1)
¢21 ¢22
r=[" "2 @o-1,,)B (12)
Vor Vo

Also the load current model can be written by using forward
Euler approximation in accordance with (7),

i = vk vd, it (13)
where di=T¢/Lr and d»=1-T\Ri/Lr. In these equations, T; is
named the sampling time [14].

3. CPSO Algorithm Based Optimal Control Approach

The power circuit which is controlled includes a 3-phase
DMC fed by 3-phase AC source through LC input filters in
order to drive a 3-phase inductive load with different voltage
and current requirements. The values of the parameters used in
this system are given in appendix. To control this system,
CPSO algorithm based optimal controller is suggested in this
study. The control structure which is contained DMC model
and PSO algorithm is designed based on software as
represented in Fig. 2. A function of CPSO algorithm in the
controller is to iteratively choose appropriate switching states
among 27 valid switching states and apply them to the DMC
system.
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Fig. 2. Structure of the proposed control system.



The CPSO algorithm applies step by step all probable
solutions, Sj;, in the swarm to the DMC model at each iteration
period. Then the DMC model measures the instantaneous
output current Iuk, source current Isk, source voltage Vsk and
input voltage Vi from the real system and produces the
predictions of following output current I,*! and the following
instantancous reactive power Q"' by using these parameters
and references of the output current and instantaneous reactive
power. After that, these predictions are transmitted to the
CPSO algorithm in order to be able to compute the current

values of the cost function, j*"', represented below.

F = e )8t + A+ wol) (14)
where Ao and Aipg*" are the absolute values of the output
current errors between output current reference, I, r and
output current prediction, LY in the a-p frame [10].

Al | k] < k+1

Ay =iy —l,p (16)
Also, the instantaneous reactive power QinkH can be

computed by the model as represented below [10].

k+1 _ | k+1 .k+1 k+1 +k+1
Qin | Vsa ‘lsﬂ _Vsﬁ g

amn

However, if the input voltage can be considered constant for
two sampling period, the equation above can be simplified as
below [10].

ko sk+l ko k+l
vsa 'lsﬁ Vsﬂ 'lsa

oy = (18)

In addition, ¥ in (14) is the weighting factor changing the
effect of the instantaneous reactive power in the formula. PSO
algorithm finds the best cost functions at the end of this
process. After that, the optimum cost function which has

el el kel minimum value is chosen among all cost functions. This cost
= _ . . oo M
Aloa ~ foa oo (15) " function also indicates the best switching states, S; . Finally,
the switching states are sent to the real DMC to produce the
desired outputs.
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Fig. 3. Block scheme of the control system
4. Simulation Study 50 8=
. . . . 5 Hz 100 Hz
The study is implemented on MATLAB/Simulink 1 - -
\ A /

environment run on the computer including Pentium-T4500
processor and 2 GB RAM . In the study, it is evaluated that the
3-phase DMC is fed by 3-phase balanced AC supply with 200
Vpp phase voltage and provides 5 App, 50 Hz sinuzoidal
currents to the 3-phase inductive load including 10 Q and 15
mH. In addition to this, frequency of the load current can be
changed in the range of 5-100 Hz respectively. About +£100%
variations of the load frequency is represented in Fig. 4. The
Simulink model of the system is also depicted in Fig. 3.

90%

Fig. 4. Output frequency variations

100%

While the 3-phase LC input filter working between AC
supply and DMC is used in order to mitigate the high frequency
harmonics of the input currents, the clamp circuit works as a
protection circuit for the possible voltage spikes under normal
and fault conditions of the power system. The software based
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control box presented in Fig. 3 includes DMC model and PSO
algorithm, and it generates the appropriate switching states so
as to drive the real DMC. In the CPSO algorithm, the number
of particles and iterations are taken 50. Also, c¢; and c;
constants are taken 2.05. In addition, when the velocities of the
particles are computed, the multiplication coefficient used in
the computation of maximum boundary of the velocity, Vmax, 1S
taken 0.655. Particularly, this coefficient is highly important
because its lower values decrease the step size of the particles
and vice versa. If the step sizes of the particles are lower than
the desired values, the particles can not reach the reference
currents. In contrast, if the step sizes of the particles are upper
than the desired values, the particles exceed the reference
currents. The sampling time, Ts, is taken 0.05 ms. T is also
provide 20 KHz switching frequency for the IGBT switches of
the DMC in the simulation.

5. Results and Discussion

The results obtained from the simulations which are realized
in case of different current conditions are represented in Fig. 6,
7, 8 and 9. In addition to these, the 200 Vpp, 50 Hz source
voltage is also represented in the Fig. 5. The Fig. 6, 7, 8 and 9
are separated into 5 parts including (a) source current, (b) load
current, (c) load voltage and (d) FFT analysis of the load
current. All analyses apart from Fig. 9 which is the results
about 5 Hz load current frequency is realized in the time range
of 0.02 s. and 0.08 s. in order to investigate the steady-state
response of the DMC system. Fig. 9 is realized in the time
range of 0.02 s. and 0.5 s. due to its relatively small frequency.
At the end of the simulations, it is seen that the PSO based
optimal controller produces the optimum switching states
providing the output currents with unity power factor that
follow the 5 App load current references within the large
frequency range. In addition to this, the source phase currents
for all frequency conditions have approximately 23 A peak-to-
peak values with their sinusoidal forms. The peak-to-peak
values of the output phase voltages are also obtained
approximately 100 Vpp. However, when it is investigated the
figures of the load currents, the peak values of the phase-A is
bigger than those of the other phases. The reason of this
situation is commented the tracing error of PSO algorithm. The
start point of the phase-A is at zero, but those of the others are
different from the zero due to their phase shifts. Because PSO
algorithm starts the tracing process at zero point for all phases,
the tracing errors will be different for each phase. Furthermore,
the best THD% is obtained in case of 50 Hz load frequency. It
can be seen that when the load frequency is decreased to 25 Hz
and 5 Hz, THD% of the load current increases. In parallel,
when the load frequency is increased to 100 Hz, THD% of the
load current also increases. There are two reasons for this
situation. First of all, the input filter of the DMC has been
tuned in order to eliminate the harmonics of 50 Hz load
frequency. The second is in the fact that the scaling coefficients
of PSO algorithm mentioned in the previous section has been
tuned for 50 Hz load frequency as the first application. About
+100% frequency variation is caused the increasing of
harmonics and THDs. In spite of these, the steady-state
performance of the proposed DMC system controlled with PSO
algorithm is sufficient in the range of about +£100% load
frequency variation.
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6. Conclusion

In this simulation study, a swarm intelligence based
heuristic optimization algorithm is applied to the DMC system
so as to produce optimum switching states for the converter. It
is aimed with this study that the heuristic optimization
algorithm provides robust control to the DMC system for
different working conditions. Actually, the sufficient robust
controls are obtained with the chosen CPSO algorithm for
different load frequencies changing from 5% to 100% of 50 Hz.
However, some undesired results are occurred in the
simulations such as increased peak voltage. It is evaluated that
these can be accomplished by using hybrid PSO algorithms or
the other heuristic algorithms. In addition to these, it is clear
that the voltage transfer ratio of the converter is 0.5. The next
study will cover the increasing of voltage transfer ratio of the
proposed DMC control system.

7. Appendix

Variables Description Values
V. Source voltage (peak-to- 200V,
peak)
Jsource Source frequency 50 Hz
I, Load current (peak-to-peak) 5 Ay
5,25, 50, 100
fo Load frequency Hz
Ly Filter inductance 30 mH
Cr Filter capacitance 150 puF
Ry Filter resistance 0.5Q
L, Load inductance 15 mH
R, Load resistance 10 Q
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Sample time (switching

time) S0 ps

8. References

[1]1 E. Yamamoto, T. Kume, H. Hara, T. Uchino, J. Kang, and

H. Krug, “Development of matrix converter and its

applications in industry,” in Proc. 35th IEEE IECON,

Porto, Portugal, pp. 4-12, 2009.

P. Wheeler, J. Rodriguez, J. Clare, L. Empringham, and A.

Weinstein, “Matrix converters: A technology review,”

IEEE Trans. Ind. Electron., vol. 49, no. 2, pp. 276288,

2002.

L.A. Hazeltine, “An improved method of an apparatus for

converting electronic power”, US Patent 218675, 1923.

T. Friedli, J.W. Kolar, “Milestones in matrix converter

research”, IEEJ Journal of Industry Applications, vol. 1,

no. 1, pp. 2-14, 2012.

M. Venturini, “A new sine wave in sine wave out

conversion technique which eliminates reactive elements”,

in Proc. Powercon 7, pp. E3/1-E3/15, 1980.

M. Venturini and A. Alesina, “The generalized

transformer: A new bidirectional sinusoidal waveform

frequency converter with continuously adjustable input

power factor,” in Proc. IEEE PESC’80, pp. 242-252, 1980.

J. Rodriguez, M. Rivera, J. Kolar, P. Wheeler, “A review

of control and modulation methods for matrix converters”,

IEEE Transactions on Industrial Electronics, vol. 59, no. 1,

Jan. 2012.

S.H. Hosseini, E. Babaei, “A new control algorithm for

matrix converters under distorted and unbalanced

conditions”, CCA2003 IEEE Conference on Control

Applications, vol. 2, pp. 1088-1093, 2003.

P. Zanchetta, M. Sumner, J.C. Clare, P.W. Wheeler,

“Control of matrix converters for AC power supplies using

genetic algorithms”, IEEE International Symposium on

Industrial Electronics, vol. 2, pp. 1429-1433, 2004.

[1I0]F. Villarroel, J. Espinoza, C. Rojas, C. Molina, J.
Rodriguez, “Application of fuzzy decision making to the
switching state selection in the predictive control of a
Direct Matrix Converter”, IECON 2011-37th Annual
Conference on IEEE Industrial Electronics Society, pp.
4272 — 4277, 2011.

[11] T.S. Sivarani, S.J. Jawhar, C.A. Kumar, “Novel intelligent
hybrid techniques for speed control of electric drives fed
by matrix converter”, International Conference on
Computing, Electronics and Electrical Technologies
(ICCEET), pp. 466 - 471, 2012.

[12] R. Ghoni, A.N. Abdalla, T. Ibrahim, D. Rifai, Z. Lubis, “A
ripple minimization strategy for matrix converter using
hybrid PSO”, Procedia Engineering, vol. 38, pp. 111-124,
2012.

[13] R. Roy, S.P. Ghoshal, “A novel crazy swarm optimized
economic load dispatch for various types of cost
functions”, Int J Electr Power Energy Syst, vol.30(4),
pp-242-253, 2008.

[14]F. Villarroel, J. Espinoza, C. Rojas, C. Molina, E.
Espinosa, “A multiobjective ranking based finite states
model predictive control scheme applied to a direct matrix
converter”, IECON 2010 - 36th Annual Conference on
IEEE Industrial Electronics Society, pp. 2941-2946, 2010.

(2]

B3]
(4]

1]

(6]

(7

(8]

9]




<<
  /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 1.7
  /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 true
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


