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Abstract—This paper presents analysis and design of a 
Maximum Power Point Tracker (MPPT) which is economical 
and compact in size.The DC to DC converter used in the system 
is SEPIC converter which eliminates the use of separate ground 
isolation circuit and reduces tracking time. The efficiency of this 
converter is better than traditionally used Buck-Boost converter. 
Here Incremental Conductance method is used to get a stable 
output in varying solar irradiance level. The proposed system 
also includes elimination of PI controller for duty cycle 
modification, elimination of complex circuit for sensing current 
and elimination of filters for accurate analog to digital 
conversion of voltage and currents. This system is tested and 
verified experimentally with 135Wp solar panel in varying 
insolation levels. 

Index Terms—Incremental Conductance (IC) method, DC to 
DC converter, microcontroller,Maximum Power Point Tracker 
(MPPT), Photovoltaic (PV) panel ,Pulse Width 
Modulation(PWM),Single Ended Primary Inductance Converter 
(SEPIC) 

I. INTRODUCTION 
In modern days the main concern of civilization is the 
efficient consumption of available energy resources and 
reduction of unnecessary environment polluting wastes from 
electrical appliances which lead to global warming. The 
mainly used energy sources are coal, fuel-oil, gas etc. will 
deplete soon .That is why the concept of renewable energy is 
becoming popular now-a-days. Solar energy is one of the 
promising renewable energy sources that is non polluting, 
reliable, and requires less maintenance compared to other 
renewable energy sources. 
     The main problem of solar energy is that the efficiency is 
very poor as it depends on both insulation condition and 
temperature [1].Solar cell has non-linear current-voltage 
characteristic in which only one point provides maximum 
power known as Maximum Power Point (MPP). For many 
years researches have been carried out to develop techniques 
and choosing the most suitable method for extracting 
maximum amount of power from a PV module [2].Open 
Circuit Voltage Algorithm, Short-Circuit Current based 
Algorithm [3], Perturb and Observe (P&O), Incremental 
Conductance(IC)[4], Fuzzy Logic Based[5],Curve fitting 
techniques[6], Neutral network based[3] are some well-known 
methods. Some of these traditional algorithms are modified to 

improve the tracking efficiency and speed namely Variable 
Incremental Conductance technique [7], dP-P&O method [4]. 
Ref [8] incorporates both Open circuit voltage technique 
(OCT) and slope detection technique (SDT) to improve 
efficiency and accuracy. As the techniques became more 
sophisticated, their hardware implementation became more 
complex and costlier. In commercial MPPTs P&O algorithm 
is mostly used one because of its simplicity. However it can 
produce oscillations around maximum power point in constant 
irradiance level [9]. IC method does not have such 
disadvantage. It can perform with better accuracy and without 
oscillations in varying weather conditions [10]. The proposed 
system simulates IC method in MATLAB Simulink with two 
types of DC to DC converters namely Cuk and SEPIC and 
according to simulation result the suitable converter is chosen 
for hardware implementation. Several researches are based on 
implementing MPPTs in Field Programmable Gate array 
(FPGA), some MPPTs are implemented using digital signal 
processor, or microcontroller [11]. This paper presents simple 
and cost effective hardware implementation using 
microcontroller. 

II. PROPOSED HARDWARE IMPLEMENTATION

The proposed Maximum Power Point tracker mainly 
consists of   PV panel, SEPIC converter, battery, load and a 
microcontroller. Method of selecting the different parts of it is 
discussed in this paper. 

A. Choice of DC to DC Converter 
The DC to DC converter serves like an interface between 

the load or battery and the photovoltaic module. The duty 
cycle of the converter is changed according to algorithm to 
match the load impedance seen by the PV panel so that the 
source can transfer maximum power. 

The output voltage of the converter can be less than or 
greater than the input voltage depending on the converter 
topology. Most of the traditional MPPTs are based on Buck or 
Boost converters. Buck converter can only be used when PV 
input voltage is greater than the battery voltage whereas Boost 
converter is used when PV voltage is less than the battery 
voltage. For flexible operation Buck–Boost is preferred 
because if the battery requires lesser voltage from the panel 
Buck converter reduces the voltage while Boost converter 
increases the voltage if the battery needs more voltage from 
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the panel [1]. But the problem with Buck-Boost converter is 
that input current ripple is much higher as input current is 
discontinuous [12]. It needs additional filter for reduction of 
harmonic component in the current [13]. Therefore Buck-
Boost converter is not a good choice. Studies reveal that Cuk 
and SEPIC converter can be good alternative to Buck Boost 
converter. Ref [10] has proposed an elegant technique for 
MPPT using SEPIC and Cuk converter. Our proposed 
technique simplifies the circuit further by eliminating the error 
amplifier, peak detector and use of small signal perturbation.  

Fig. 1.  Output power of the PV panel using Cuk Converter 

  Fig. 2.  Output power of the PV panel using SEPIC Converter 

From Fig 1 and 2 we can see that the maximum power point 
tracker tracks the MPP faster when a SEPIC converter is used. 
It takes more than 0.2 seconds to reach MPP with Cuk 
converter, while it takes less than 0.1 seconds to reach MPP 
with SEPIC converter. For faster tracking the SEPIC 
converter is chosen. 

Inherent nature of SEPIC converter is that it does not need 
filter to filter out high frequency harmonics. Another 
advantage of SEPIC converter in comparison to traditional 
Buck and Boost converter is that it does not need a separate 

ground isolation circuit. As a result the size of the MPPT 
circuit is reduced to some extent.For small solar energy 
system SEPIC converter is the best choice. 

B. Design of SEPIC Converter 
We have used 135Wp Solar panel with Voc=19.1 Volts and 

Isc=8.37 Amps. So the SEPIC converter must be compatible 
with the high ratings of current and voltage. The major parts 
of SEPIC converter design are discussed. 

1) Power MOSFET/IGBT Selection: The switch of the
SEPIC converter can either be Power MOSFET or IGBT. In 
selecting the MOSFET the power loss in this switch is the 
most important parameter to be considered. The conduction 
loss of the switch(Q1) depends on the on–state resistance  
RON. 

 
The peak switch current depends on both the peak current of 
inductor L1 and L2 is given by 

Considering all the ratings MOSFET IRF3205 is chosen 
which can withstand 55V, 98A and RON is .008 . 

2) MOSFET Driver Selection: The microcontroller cannot
supply enough current to charge the FET before it can turn on 
as the gate of the MOSFET is capacitive. Therefore a separate 
gate driver is required which will provide higher current to 
turn on the MOSFET. The proposed Maximum Power Point 
Tracker uses the non-inverting MOSFET driver IC TC4427 
which has highest peak current of 1.5A and operating voltage 
range from 4.5V to 18V. 

3) Inductor Selection: The DC to DC converter must
operate in continuous current conduction (CCM) mode to 
reduce input current ripple. So there should be minimum value 
of inductor L1 and L2.For SEPIC converter the minimum 
value of L1 and L2 is given by 

Where R is found by Output Power and Output voltage. To 
have a moderate Electromagnetic interference and a stable 
PWM operation it is suggested to allow 40% ripple in inductor 
current i.e. 

=                                                (5)          
The inductors can be wound on same core to reduce cost and 
size .Where Dmax is the maximum duty cycle for CCM mode 
and is given by  

    (6) 
is the switching frequency which is chosen as 40kHz for 

faster operation and for  keeping the losses due to frequency 
to a  moderate value. The inductors are made using ferrite core 
wound with wire of 19AWG so that the wires can carry high 
current. 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0

20

40

60

80

100

120

140

Time in seconds

O
ut

pu
t 

 P
ow

er
 o

f 
P

V
 p

an
el

Output Power of PV Panel using Cuk Converter

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0

20

40

60

80

100

120

140

Time in seconds

O
ut

pu
t 

po
w

er
 o

f 
P

V
 p

an
el

Output Power of PV Panel using Sepic Converter

Authorized licensed use limited to: to IEEExplore provided by University Libraries | Virginia Tech. Downloaded on October 22,2024 at 18:55:30 UTC from IEEE Xplore.  Restrictions apply. 



4) Capacitor Selection: The capacitors must be rated for
high RMS current relative to output power. 
Tantalum and ceramic capacitors are the best choice for this 
operation, having high RMS current ratings relative to size. 

5) Output Diode Selection:  The output diode must be
selected to handle peak reverse voltage and highest peak 
current. It also has to be able to operate in fast switching 
frequency. The peak reverse voltage the diode must withstand 
is  

A Schottky Diode is chosen for this operation. 

C. Measuring Current: 
Measuring the current of solar panel has always been 

matter of concern. In most cases current is measured using 
current sensing resistor [9]. This method increases I2R loss. 
The Current transducer ICs are also used in measuring the 
current [14]. Since microcontroller can only measure voltage 
these transducers need additional circuitry with Op-Amps [14] 
to convert the current to voltage which makes the current 
measuring part more complex. Other methods like estimating 
current from voltage ripple or inductor current sensing 
technology [15] are also not good choices for simple and cost 
effective implementation. 
The proposed system measures current using Hall Effect 
current sensor, which is a very small IC and the I2R losses are 
reduced to minimum value with reduced complexity and size 
of the whole circuit. This IC gives a analog voltage Vout 
within the range  0-5 Volts  that varies linearly with the input 
current.  

D. Microcontroller: 
The microcontroller used in the proposed system is 

Atmega328P. It has 6 channel 10 bit ADC, six PWM channels, 
512 bytes of EEPROM, 1Kbytes of SRAM. 

As the microcontroller has the entire built -in ADC and 
Counters additional Analog to Digital converter is not 
required. This microcontroller has eliminated the use of PI 
controller for duty cycle modification. The duty cycle is 
modified in the code by comparing the current and voltage 
samples taken by ADC.  

Since the microcontroller can perform arithmetical 
operations very quickly, a moving average system is 
introduced in the code so that the random noise in the voltage 
and current samples taken at any instances is reduced. As a 
result the use of external filters [14] to reduce the noise is 
eliminated. 

Fig. 3.  Laboratory prototype of Maximum Power Point Tracker 

Fig. 4.Final compact and low cost PCB 

III. EXPERIMENTAL RESULTS
The prototype of MPPT was tested for several days and 

data of voltage, current and power were taken for 11 days. 
The tabulated data are the voltage and current at maximum 
power point obtained from 11:00 am to 12:00pm noon.  Data 
reveals that in a sunny day with high insolation maximum 
power obtained is 117.81 Watts while in a rainy day the 
maximum power is quite low, 15.31 Watts.  

The voltage at MPP ranges from 12.9 to 14.1 which is quite 
close to 76% of Open circuit voltage. On a bright shiny day 
the proposed system is able to harness 8.14 Amps current 
which is quite high. 

The advantage of MPPT with PV panel is examined on Day 
6 with moderate sunshine. From Fig 7 we can see that the 
proposed MPPT system can provide much power than the 
system without MPP. The peaks in the curve are due to 
change in irradiance level. The power with MPP begins to 
increase according to IC method while the power without 
MPP is quite constant. It has changed only when solar 
irradiance level changed. The whole system has reduced the 
cost by eliminating filters, ground isolation circuitry, error 
amplifiers, and integrators. The whole prototype circuit cost 
was around 1500 BDT (21 USD) which is quite low compared 
to existing MPPT and suitable for use in third world countries. 

TABLE I 
VOLTAGE, CURRENT AND POWER DATA FROM PRPOPOSED MPPT 

Day Voltage at 
MPP 
(Volts) 

Current at 
MPP 
(Amps) 

Maximum 
power (watts) 

Day 1 12.9 1.19 15.31 
Day 2 13.1 2.17 28.44 
Day 3 13.4 3.74 50.1 
Day 4 13.9 5.64 78.36 
Day 5 13.61 6.13 83.36 
Day 6 13.67 6.10 83.32 
Day 7 14.1 8.14 117.87 
Day 8 13.5 3.1 41.52 
Day 9 13.16 4.06 53.50 
Day 10 13.2 1.07 14.10 
Day 11 13.3 1.83 24.46 
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    Fig. 5.Maximum Power Vs. Days Plot 

    Fig. 6.  Voltage and current Vs. Days Plot 

   Fig. 7.Comparison between power with and without MPPT 

IV. CONCLUSION

A simple, cost effective and efficient Maximum Power 
Point Tracker (MPPT) is designed and the final outcome is 

presented in this paper.For small system less than 1kW solar 
panel; the proposed design would be suitable. It eliminates 
some parts of conventional analog MPPT and thus reduces 
size and cost associated with it. Other advantages of using 
microcontroller is that the system can drive multiple 
converters as it has several PWM outputs and it can adapt to 
other algorithm  too with the change of code. 

REFERENCES 
[1] R. Gules, J. De Pellegrin Pacheco, H. L. Hey, and J. Imhoff,‘‘A 

maximum power point tracking system with parallel connection for PV 
stand-alone applications,’’ IEEE Trans. Ind. Electron., vol. 55, no. 7,pp. 
2674---2683, Jul. 2008. 

[2] T. Esram and P. L. Chapman, “Comparison of photovoltaic array 
maximum power point tracking techniques,” IEEE Trans. Energy 
Convers., vol. 22, no. 2, pp. 439–449, Jun. 2007. 

[3] A.Khaligh, O.C.Onar, Energy Harvesting: Solar, Wind and Ocean 
Energy Conversion,CRC Press 

[4] R. Mastromauro, M. Liserre, andA. Dell’Aquila, “Control Issues in 
Single-Stage Photovoltaic Systems:MPPT, Current and Voltage 
Control”,IEEE Trans.  Industrial  Informatics, vol. 8, no. 2,pp. 241-254,  
May 2012 

[5] Y.-H. Chang and C.-Y. Chang, "A Maximum Power Point Tracking of 
PV System by Scaling Fuzzy Control,"presented at International Multi 
Conference of Engineers and Computer Scientists, Hong Kong, 2010 

[6] A. Kislovski and R. Redl, “Maximum-power-tracking using positive 
feedback,” in Proc. IEEE Power Electron. Spec. Conf., 1994, pp. 
1065–1068. 

[7] F. Liu, S. Duan, F. Liu, B. Liu, and Y. Kang, “A variable step size INC 
MPPT method for PV systems,” IEEE Trans. Ind. Electron., vol. 55, 
no. 7, pp. 2622–2628, Jul. 2008. 

[8] C. Yang, C.-Y. Hsieh, F. Feng, and K. Chen,” Highly Efficient Analog 
Maximum Power Point Tracking (AMPPT) in a Photovoltaic 
System”,IEEE Trans.on circuits and system, vol. 59, no. 7,pp. 1546-
1556, July 2012 

[9] Md. H. Rahman, Md. T. Yeasin, and M. Alaul,“ Extreme Power Point 
Tracker of a Large Photovoltaic System Battery Charge Controller & 
Reducing Weather Effect ”, International Journal of scientific research 
and management (IJSRM),  vol. 1,Issue :3 ,pp. 132-136 ,June 2013 

[10] H. S.-H. Chung., Tse, K.K., R. Hui, S.Y.,Mok, C.M., Ho, M.T, “A 
Novel Maximum Power Point Tracking Technique for Solar Panels 
Using a SEPIC or Cuk Converter”, IEEE Trans. on power electronics, 
vol. 18, no. 3, pp.717-724,May 2003 

[11] E. Koutroulis, K. Kalaitzakis, and N. C. Voulgaris, “Development of a 
microcontroller-based, photovoltaic maximum power point tracking 
control system,” IEEE Trans. Power Electron., vol. 16, no. 1, pp. 46–
54, Jan. 2001 

[12] Duran, E., Sidarch-de-Cardona, M. Galan, J. Andujar, 
J.M, ”Comparative analysis of buck-boost converters used to obtain I-V 
characteristic curves of photovoltaic modules” ,Power Electronics 
Specialists Conf. ,pp. 2036-2042,June 2008 

[13] Dr. Ridly, Ray. “Analyzing the Sepic Converter” 2006, Ridley 
Engineering.March2014.[Online].Available: 
http://www.switchingpowermagazine.com/downloads/Sepic%20Analys
is.pdf 

[14] S. M. Ç nar and E. Akarslan,“On theDesign of an Intelligent Battery 
Charge Controller for PV Panels”,Journal of Engineering Science and 
Technology Review 5 (4) (2012) 30 -34 

[15] C. J. Lohmeier, “Highly Efficient Maximum Power Point Tracking 
Using a Quasi-Double-Boost DC/DC Converter for Photovoltaic 
Systems,” M. Eng. thesis, University of Nebraska, Dec. 2011. 

1 2 3 4 5 6 7 8 9 10 11
0

20

40

60

80

100

120
Maximum Power Plot Vs. Days

days

M
ax

im
um

 p
ow

er
(W

at
ts

)

1 2 3 4 5 6 7 8 9 10 11
12.8

13

13.2

13.4

13.6

13.8

14

14.2

14.4
voltage and current plot 

days

V
o

lt
ag

e(
vo

lt
s)

1 2 3 4 5 6 7 8 9 10 11
1

2

3

4

5

6

7

8

9

C
u

rr
en

t(
A

m
p

er
e)

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
50

55

60

65

70

75

80

85
Power plot for Day 6

Time in seconds

P
ow

er
 (

W
at

ts
)

 

Power with MPPT

Power without MPPT

Authorized licensed use limited to: to IEEExplore provided by University Libraries | Virginia Tech. Downloaded on October 22,2024 at 18:55:30 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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


