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Abstract—This paper presents simulation results of a high
performance single phase Sinusoidal PWM inverter compared to
traditional SPWM type. The proposed inverter uses a suitable
Voltage Controlled Oscillator (VCO) that to produce variable
carrier frequency controlled by full rectified wave reference grid
voltage. The reference grid voltage is compared with output
triangular carrier wave of the VCO to generate variable
frequency PWM pulses. An electronic controller is also designed
to stabilize the fluctuation of the DC voltage supply that can
occur in renewable energy sources such as solar or wind which is
assumed to be an input to the power electronic circuit of the
proposed inverter. The simulation results show reduction in the
Total Harmonic Distribution (THD) when using variable carrier
frequency compared with the traditional fixed carrier frequency
SPWM. On the other hand the controller show effective range of
Modulation Index (MI) controlling from 0.77 to 0.89 when the
DC supply voltage is varying from 350V to 300V with capability
to modify the controlling range of MI. satisfactory AC output
specifications are obtained from the simulation results that may
lead the proposed design to be considered for practical
implementations using general purpose discrete components
without the need of special DSP chip.

Index Terms— Renewable Source, Voltage Controlled
Oscillator, Sensing Circuit, Fluctuation Controller, Carrier
Frequency, and Grid Synchronized Inverter.

[. INTRODUCTION

The consideration of renewable energy as a valuable source
of power that is more important for many reasons, first of all
the availability of this source, cleaning merit, and then there
are other merits related with the power specifications of this
type. [1]. Beside of all mentioned reasons, in case increase
using of renewable energy sources, this would be lead to
minimize the rate of pollution in our environment, that may
came because other types of energy sources such as fossil
fuels, wood.

Solar cell is electronic components manufactured from a
certain layers of semiconductors materials that transfer the
incident light energy to direct current (DC) with a certain
value of voltage that is mean the solar cell work as a voltage
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source. [2], the solar panel is an array of solar cells connected
in parallel and serial to deliver the consumer with desired
value of power which can be delivered from the panel
depending on the number of included cells and the way of
internal connection of these cells [3]. The interest from this
type of power to alternating current (AC) loads obtained
through a suitable inverter which is a power electronic
equipment used to invert the direct current (DC) power to AC
power with suitable specifications to supply AC loads. Fig. 1
represents H-Bridge Configuration using N — Channel
MOSFETs inverter, There are four possible switch positions
that can be used to obtain AC voltage across the load. These
positions are outlined in Table 1. Note that all other
possibilities are omitted, as they would short circuit power to
ground. [4]

Fig.1. H-Bridge Configuration using N-Channel MOSFETs

TABLE 1. VALID H-BRIDGE SWITCH STATES

High Side High Side Low Side Low Side Voltage
Left Right Left Right Across Load
On Off Off On Positive
Off On On Off Negative
On On Off Off Zero Potential
Off Off On On Zero Potential
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The shape of alternating output wave of inverter is depend
on the technique used to produce switching pulses to the
inverter switches, the square pulses with fundamental
frequency without higher carrier frequency will lead to deliver
output inverter voltage AC square wave to the connected loads,
this square wave will produce high levels of harmonics, and
consequently more losses in energy and negative effect on the
response of the connected load. [5]. Pulse Width Modulation
(PWM) have many techniques developed to achieve the
following aims: wide linear modulation range, less switching
loss, less total harmonic distribution in the spectrum of load
voltage, easy implementation and less computation time. [6].
For the single phase full bridge inverter, there are two level
PWM, three level PWM, and higher levels techniques that
depending on the design of the generator of switching pulses,
the technique of 2-level (Bipolar) PWM produce a much
cleaner source of AC power than square or modified sine
waves, there is relatively higher amount of higher level of
harmonic.

In order to create a load signal closer to a true sine wave, a 3-
level (Unipolar) PWM is a suitable choice. [7]. This paper
proposed high performance design and simulation results
during Multisim software to present a three levels single phase
inverter adopts variable carrier frequency for each half cycle
of fundamental AC signal compare with fixed carrier
frequency in the traditional Sinusoidal Pulse Width Modulation
(SPWM). The contain of section II shows the importance of
grid synchronized inverter, while section III explains the
proposed design and related merits as well as the manipulation
process to cover the fluctuation of dc supplied voltage which
assume happen in case using the renewable energy source of
DC power which feed to the proposed inverter. Section IV
covers the simulation results as well as analysis to the recorded
data. The discussions and conclusions of presented design
come in the section V.

II. THE IMPORTANCE OF GRID SYNCHRONIZED INVERTER

The function of synchronized inverter is produce alternated
voltage synchronized to the grid that first important factor to
connect inverter to grid.

The inverter called grid-tie inverter (GTI) when its able to
connect with grid. GTIs are supplied from renewable energy
sources, such as solar arrays or wind turbines with rectifiers,
then invert the received DC power to an AC to have ability to
export the produced AC power to the grid. The output
waveform of GTI should be synchronized with the grid in
terms of amplitude, frequency, and phase. [8]. In addition, GTI
should be have capability to regulate the fluctuated DC
power supply of renewable source that through included
controller, a GTI ensures that the power supplied to the
distribution panel of the house will be in phase and in a suitable
slightly higher amplitude level compared to the grid waveform.
This paper presents design with simulation results of inverter
characterized by frequency and phase synchronization with
grid electricity, and proposed a certain voltage controller to
manipulate the fluctuation in the DC voltage which supplied
the inverter from variable DC supply in simulation instead of
renewable DC source. In addition, the voltage of the inverter
output needs to be slightly higher the grid voltage to enable
current to have excess power flow out to the utility and supply
the loads in the house. [9].

III. THE PROPOSED SYSTEM

The most widespread single phase topology is the full-bridge
one. This topology can be chosen to have bipolar or a unipolar
PWM controlled switches. Using unipolar switching strategy
the inverter pulses will have twice carrier frequency value that
is in case of bipolar switching, therefore the output filter can be
smaller, than in case of the bipolar. [10], for the mentioned
difference the unipolar technique will have less harmonic
distribution [7], the proposed system adopt the unipolar type
with variable frequency range of carrier signal that determine
through a certain selection of R, C values in VCO circuit while
controlled by instantaneous value of full wave rectified of 50
Hz sine fundamental wave, the proposed simulation presents
also a new controller designed to manipulate the fluctuation in
the DC voltage which supply from variable DC power supply
that used instead of renewable energy source, this supply feed
the proposed inverter in simulation, Fig. 2, represents the block
diagram of the presented design of grid synchronized inverter:
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Fig. 2. Block Diagram of the Proposed Grid Synchronized Inverter
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The proposed design took in account the work of [11], [12],
[13], [14], [15] which wrote in close field of presented paper.
The paper focus on, firstly, design and simulate a certain
Voltage Controlled Oscillator (VCO) to produce one of two
type of triangle waveform as a carrier signal then using this
carrier with full rectifier of fundamental signal to produce
PWM pulses which used later to drive the electronic switches
in inverter bridge, first type of VCO output is variable
frequency triangle carrier with frequency value proportional
inversely with the instantaneous value of full wave rectifier of
fundamental wave , while the second type of VCO output is
fixed frequency triangle wave. VCO equation is given in (1).
fvco = o ¥ Kyeo Vew (1)
In (1), f,is the center frequency of the VCO, K. is the gain
of the VCO, Vcul is the input to the VCO that sets it to the
desired frequency. [14]. Operational Amplifier used in
simulation as a comparator to produce PWM pulses by
comparing VCO output which triangle wave with variable
carrier frequency with sine wave fundamental signal to
produce Sinusoidal PWM, the proposed simulation able to
compare the proposed improvement of the variable carrier
frequency with traditional SPWM method, The SPWM pulses
can be obtain by comparing fundamental sine wave r(t) with
carrier wave c(t), and mathematically the binary PWM output
can be written as

bpum(t) = sgn [x(t) — c(t)] @
where ‘sgn’ is the sign function. [15], to maximize the AC
voltages that can be produced from a given DC voltage source
before the modulator saturates [16] for the purpose of
developing general PWM models, the reference signal, r(t),
assumed to consist of a DC and a single-frequency sinusoidal
component in general:

r(t) =RO +R1 cos (2xnf; t +6;) 3)
Each of the amplitudes Ro and R1 can be set to zero depending
on the specific applications under study, f, is a reference
frequency and 6, is a phase shift of fundamental signal.

In unipolar modulation, the carrier amplitude changes between
0 and a positive peak, the reference is always positive [15]; the
ratio of reference or fundamental amplitude to the carrier
amplitude named Modulation Index (MI). The ratio between
carrier frequency (f) and reference frequency (f) named
frequency ratio (FR) which is fixed value in the traditional
SPWM,
FR=f /f “)

While in the case of variable carrier frequency with in SPWM
instead of fixed frequency, there are two new concepts which
are minimum FR and maximum FR depending on the VCO
output frequency range.

1:Rmin = fcmin/ f1 (5)
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FRmax = fcmax/ fl (6)
By using eq (1);

FRmm fVCO(mm)/ fl (7)
FRmax = (8)

VCO(max)

Figure 3. represents the block diagram of carrier frequency
selection circuit which used to produce one of two types of
triangle waveform, variable carrier frequency or fixed carrier
frequency through VCO, Fig. 4. illustrate the resultant
waveforms at MI ( 0.9), FR (14) for Unipolar Sinusoidal
PWM with 2V/div & 2ms/div for upper waves and 5V/div &
2ms/div for lower waves, while Fig. 5 for proposed variable
carrier frequency with FR i, (18), and FR,, (66).

Second merit, there is a control and protection ability
through a proposed Zero Crossing Detector to the reference
wave by add a suitable switch Off period for all power
switches in inverter bridge, Fig. 6, represent resultant full
wave rectifier output and related zero crossing pulses of two
different widths.
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Fig. 3. Block diagram of carrier frequency selection circuit

Fig.4. Procedure of fixed SPWM pulses generation at MI= 0.9
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Fig.5. Procedure of variable carrier freq. SPWM pulses generation at MI= 0.9
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Fig. 6. Full rectified waves with related Zero Crossing Pulses
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Third point in design took attention to manipulate the
fluctuation problem in the voltage of dc power supply uses to
feed proposed inverter, this paper present a certain design of
controller work on covering the fluctuation in connected DC
supply, the controller design include mixing of analog and
digital sub circuits which started by sensing circuit deliver a
low range of dc voltage linear proportional with the
instantaneous level of dc supply, the sensing circuit include an
insulation stage represented by a photo-coupler (4N25). A
serial resistor connected with Light Emitting Diode (LED)
which first part of photo coupler that to limit LED current, to
calculate the practical value of serial resistor and its power
value, here let supply voltage equal (500 V), the rated current
of LED (12 mA), and the forward voltage (V¢) of LED (1.8 V)
so the suitable value of serial resistor can be calculated from
below equation:

Ry=(Vdc — Vg ) /Iep )

So, R - (500-1.8)/0.012) = 41.5 kQ, while the power value
(Prs) of resistor can be obtained from the following equation:

Prs= ILED2 * Ry (10)

So, the power of serial resistor ( 0.012*0.012*41500) = 6
Watt. Fig. 7. Represents the proposed sensing circuit of the dc
supply level. The results explained in the following section
(IV), sensing circuit adjusted with the range of changing in dc
supply between (300 V — 350 V) within whole simulation.

The next process of controlling produce invers changing with
respect to the output of sensing circuit. The output voltage of
sensing circuit in the whole simulation equal (7.90 V) at 300
Volt of dc supply while 9.26 V at 350 V), the next inverse
range of voltage designed to be 9.90V at 300 V, and 8.56V at
350V, this low range of DC voltage converted to digital form
(8-bits) during Analog to Digital Converter (ADC) then by a
new proposed design of Analog / Digital Multiplier works on
multiply the digital form (8-bits) with other input in analog
form represented by full wave rectified of fundamental sine
wave which used to control the value of modulation index
starting with MI equal 0.9. The proposed design of Analog /
Digital Multiplier include the following sub circuits: Voltage
Divider, Voltage Follower Array, Analog Control Switch
Array, and Analog Adder Circuit, the controller produce an
analog form output signal with the same shape of input analog
waveform but with other voltage level represents multiplying
result. The function of Analog / Digital Multiplier explained in
the following equation:

Vo = Viy * (Vi /2™") (11)

Where, Vy,; is first input voltage in analog form, V;,, is second
input voltage in binary form, n is number of bits which is equal
8-bits in the design, and Vo the output voltage of Analog
Adder Circuit that in analog form. Fig. 8. Shows the block
diagram of the controller. The output power controlled by
selecting the desired value of modulation index, while Fig. 9.
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hows the range of changing in the amplitude of full rectified
sine wave which will be control the value of modulation index
in the desired range.

The proposed inverter include PWM pulses generator, used
to produce two groups pulses complement each other, and
synchronized with the grid voltage, the pulses used to switch
the MOSFETs in the H-bridge during insulation stage
represented by four photo-couplers, Fig. 10. illustrate the
resultant PWM pulses at 0.9 of the traditional fixed carrier
frequency SPWM inverter, while and Fig. 11. show pulses at
the variable carrier frequency.
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Fig.8. DC voltage supply fluctuation controller
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Figure 12. Shows the photo-coupler (4N25) insulation, and
full H-bridge MOSFET (IRF840) with specifications
S00V/8A:

dc_Voltage
350V
MOSFET! MOSFET2
= o
1RFeaD IRF840

AC_LOAD

30
MOSFET3 MOFSET4

1% |Resa0 1 4 IRF8a0

R1
1kQ

v =+

[

Fig. 12. Photo-Couplers and H- Bridge stages

A conventional way of describing the harmonic content of a
signal is by its THD, defined in equation (12), V1 is the
fundamental frequency content and V, —V,, are the harmonics
contents. [13].

THD = [(V2+ V2 + V2 + ... V,2)" ] /v, (12)

The selected software program of presented simulation
results that is Multisim program which have ability to measure
THD directly by display one value of THD, for this reason, a
simple averaging operation during equation (13) for an enough
number of THD readings to inverter output voltage that
required to explain and show the reduction in the THD records
as well as indicate that more stable behavior at the proposed
variable carrier frequency technique for SPWM compared to
traditional SPWM that explained in section IV.

=k

E

THD

E
Il
-

THD (Average) =

P

(13)

IV. SIMULATION RESULTS

Part of the resultant waveforms explained in the previous
section while this section focus on the output voltage of
designed inverter through plot the waveforms and calculate
average value of THDs of the load voltage for the proposed
and traditional SPWM techniques. The simulated responses of
sensing circuit and the fluctuation DC supply controller are
also presented.

Figure 13. shows the response of sensing circuit for full
varying of DC supply voltage, the simulated results reflect
accurate linear response for varying range starting 50V to
350V. Fig.14. illustrates the response of the designed controller
which work on manipulate the fluctuation in the DC voltage of
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variable power supply which assume replaced by a counter part
of a DC renewable power source, the controlling function
adopt produce inverse changing in the modulation index with
a suitable range to cover the fluctuation in the voltage range +
25 Volt around 325 Volt and the controlling voltage in the
range 300V to 350V this leads to control the reference wave
peak then the Modulation Index (MI) will be effected, AC
output voltage of the designed inverter will be under
controlling effect through width changing of PWM pulses.
Figure 15. shows the output AC load voltage 200V/div,
Sms/div at MI equal 0.9 of the grid synchronized SPWM
inverter. Fig. 16. shows output of traditional SPWM inverter.
The resultant waveforms indicate full synchronization with
grid electricity reference sine waveform 5V/div, Sms/div. Fig.
17. illustrate the reduction in the average of THD values as
well as stable behavior in the proposed variable carrier
frequency compared with fixed carrier frequency SPWM.
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Fig. 15. Output waveform of proposed synchronized inverter at MI = 0.9
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Fig. 16. Output waveform of traditional synchronized inverter at MI = 0.9
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V. CONCLUSION

From the simulation results and its analysis, the conclusion
summary as follow:

The simulation results give good indication for
promising practical prototype.

The design able to test other type of control waves as
input to the VCO, as example, triangle wave instead
of full rectified fundamental sine wave, and trying
upper carrier frequency ranges to check total
harmonic distribution.

The proposed design acceptable to construct by
general purpose discrete components without needs to
any special integrates circuit.

The controller design is flexible to modify or change
the range of controlling voltage of the applied DC
supply.

The design presents a new idea of multiplying analog
voltages with digital forms to cover a certain defect.

REFERENCES

Guide to Purchasing Green Power, Renewable Electricity,
Renewable Energy Certificates, and On-Site Renewable
Generation, www.epa.gov/greenpower, March 2010.

Amorphous Silicon—based Solar Cells, Xunming Dengl and

Eric A. Schiff2, 1University of Toledo, Toledo, OH, USA,
2Syracuse University, Syracuse, NY, USA, Handbook of
Photovoltaic.

Photovoltaic Modules, university of Delaware, ELEG620:
Solar Electric Systems University of Delaware, 2009 S.
Bremner.

978-1-4799-3238-2/13/$31.00 ©2013 IEEE

270

[4]

(]

[10]

[11]

[15]

DC / AC Pure Sine Wave Inverter, Jim Doucet, Dan Eggleston,
Jeremy Shaw, MQP Teams A-B-C 2006-2007, Advisor:
Professor Stephen J. Bitar, Sponsor: NECAMSID.

Harmonic Detection and Filtering, Schneider Electric
Industries SAS, 89, boulevard Franklin Roosevelt, F -
92505 Rueil-  Malmaison Cedex (France), 2008.
Relationship Between Space Vector Modulation and 3Ph
Carrier Based PWM: A Comprehensive Analysis, K. Zhou
and D. Wang, IEEE Transactions on Industrial, 2002.
PWM Techniques: A Pure Sine Wave Inverter, lan F.

Crowley, Ho Fong Leung , 2010-2011 Worcester
Polytechnic Institute Major Quality Project, Advisr: Prof.
Stephen J.

Design and Implementation a Specific Grid-Tie Inverter for an
Agent-based Microgrid, H.M. Abdar, A. Chakraverty, D.H.
Moore, and J.M. Murray, K.A. Loparo.

Grid-Connected Solar Electronics, Mervin Johns, Hanh-Phuc

Le and Michael Seeman, University of California at
Berkeley, Dept. of Electrical Engineering and Computer
Sciences.

Transformerless Photovoltaic Inverters Connected to the Grid,
T. Kerekes, R. Teodorescu, U. Borup 2007 IEEE, Institute of
Energy Technology, Aalborg University, DENMARK,
Powerlynx A/S, Jyllandsgade 28, DENMARK.

Progressive decrement PWM algorithm for minimum mean
square error inverter output voltage J.A. Ghaeb, M.A. Smadi,
M. Ababneh, The Hashemite University, Dept. of Electrical
Eng, Dept. of Mechatronics Eng, Jordan, April 2011.
Variable-Band Hysteresis Current Controllers for PWM
Voltage-Source Inverters, K. M. Rahman, M. Rezwan Khan,
M. A. Choudhury, and M. A. Rahman, Fellow, IEEE
TRANSACTIONS ON POWER ELECTRONICS, VOL. 12,
NO. 6, NOVEMBER 1997.

Inverter System Design and Control for a Wave Power
Substation, Master Thesis, Rickard Ekstrom, UPPSALA
UNIVERSITET, 2009, http://www.teknat.uu.se/student.

A Method to Derive an Equation for the Oscillation Frequency
of a Ring Oscillator, Master Thesis by Stephen Docking,
Electrical and Computer Engineering, University of Waterloo,

Waterloo, Ontario, Canada, 2002.

Dynamics and Control of Switched Electronic Systems,
Advances in Industrial Control, J. Sun, Department of Electrical,
Computer, and Systems Engineering, Rensselaer Polytechnic
Institute, © Springer-Verlag London Limited 2012.

[16] Sun, J., Grotstollen, H.: Optimal space vector modulation and

regular-sampled PWM: a reexamination. In: Proc. of the IEEE
Industry Applications Society Annual Meeting, San Diego,
California, USA, pp. 956-963 (1996).




<<
  /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


