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Abstract -- In this paper, a double-linear approximation
algorithm (DLAA) to achieve maximum-power-point tracking
(MPPT) for PV arrays is proposed. The DLAA is based on that
the trajectories of maximum power point varying with
irradiation and temperature are approximately linear. With the
DLAA, a maximum power point can be determined
instantaneously. Moreover, complicated calculation and
perturbation about an optimal point can be avoided. In the paper
a corresponding circuit to complete DLAA is proposed as well, of
which configuration is simple. As a result, the proposed circuit is
cost-effective and can be embedded into PV arrays easily. An
implementation example of PV power system with the proposed
MPPT is designed and the DLAA is compared with the perturb-
and-observe method. From simulated and experimental results,
the proposed MPPT algorithm has been verified and the
feasibility of the proposed circuit is also demonstrated.

Keywords—Maximum power point tracking, PV arrays, and
double-linear approximation algorithm.

L

Due to the rapid development of industry, the overuse of
fossil fuel results in environment pollution, greenhouse effect
and ecological damage. Adopting renewable and clean energy
resources to replace fossil fuel is imperative. Among all kinds
of renewable-energy resources, solar energy is obtainable
readily so that the demand for photovoltaic (PV) panel has
been increasing more and more. The output voltage and
current of a PV panel vary with irradiation, panel temperature
and power loading nonlinearly. There is a maximum power
point (MPP) under certain atmospheric condition. To draw
maximum power from PV panel, a large number of
researchers have proposed maximum power point tracking
(MPPT) algorithms. The present MPPT algorithms include
voltage feedback method (VFM)[1], power feedback method
(PFM)[2]-[4], perturb-and-observe method (PAOM)[5]-[7],
incremental conductance method (ICM)[8]-[9], three-point
weight comparison method (TPWCM)[10]-[11], and linear
approximation method (LAM)[12]. The VFM is the simplest
method for MPPT, which regulates PV arrays terminal
voltage to a reference, handling the operation point of a PV
arrays near the maximum power point. It is only suitable for
constant irradiation. In power feedback method, the derivative
(dP/dV) is regarded as a control index. While controlled
output voltage and power meet the derivative being zero,
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maximum power point is achieved. However, more parameters
and complicated calculations are required, which steps up the
difficulty of MPPT. Perturb-and-observe method is widely
used in maximum PV power tracking because it is easy to
carry out and few measured parameters are required.
Even though a maximum PV power point is reached,
continued perturbing and observing will oscillate around
the point resulting in PV power loss, especially in constant or
slowly varying atmospheric condition. To overcome the
mentioned drawbacks of the PAOM, the ICM is
developed. In the ICM, the output voltage or current of a PV
arrays is adjusted until an incremental conductance dI/dV just
reaches the ratio of PV output current to voltage. Owing to
detection error, hardly is the determined incremental
conductance to agree with the value of I/V. In another
solution to avoid fluctuation about the maximum power point,
the TPWCM is developed, in which three points on PV curve
are compared and weighted. While the weighted positively or
negatively matches the preset, succeeding comparison step
stops. Nevertheless, a complicated procedure is also required,
which lowers dynamic response significantly. The LAM
tracks maximum power according to a straight line
interconnecting all MPPs under different irradiation. It is easy
to implement and locates MPP rapidly. However, the
influence on temperature is neglected.

In this paper, a double-linear approximation
algorithm (DLAA) is proposed, which can track maximum
power point instantaneously and can be implemented easily.
The DLAA is based on that the trajectories of maximum
power point varying with irradiation and temperature are
approximately linear. According to the DLAA, MPPT can be
achieved without any calculation and perturbation about an
optimal point can be avoided. In this paper, a corresponding
circuit of the DLAA is developed, which determines a
reference voltage in order to draw maximum power from PV
arrays. Since the configuration of the circuit is simple, it is
cost-effective and can be embedded into PV arrays easily.
Comparison between the DLAA and the PAOM is performed.
The simulations and practical measurements have verified the
advantages of the proposed algorithm and the feasibility of the
corresponding MPPT circuit.



II.  CHARACTERISTICS OF PV ARRAYS

In general, PV arrays are composed by a number of PV
modules, which are connected in series and/or in parallel. A
PV module is made of a group of PV cells, which are wired
each other and encapsulated in a weather-proof flat container.
One side of the module is transparent, allowing sunlight to
reach the PV cell. Each PV cell is a p-n junction
semiconductor converting solar energy into electricity. An
equivalent circuit is shown in Fig. 1, in which /,,, stands for the
cell photocurrent source, D;represents the p-n junction, R;, Ry
and R, are the p-n junction nonlinear impedance, intrinsic
shunt resistance and intrinsic series resistance, respectively.
The series resistance R, is relatively small and the shunt
resistance Ry, is relatively large. Therefore, the equivalent
circuit can be simplified by neglecting both resistors.
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Fig. 1. An equivalent circuit of a PV cell.

From the characteristics of a p-n junction and the
equivalent circuit, output current of PV arrays, /py, can be
described as

q Ver
Ipy :nplph_nplsat{exp(mn_sJ_l}ﬂ ™

where Vpyis output voltage of PV arrays, n; is the total number
of cells in series, n, stands for the total number of cells in
parallel, ¢ denotes the charges of an electron (1.6x10™"
coulomb), & is the Boltzmann’s constant (1.38x107 J/'K), T'is
temperature of PV arrays ( K ), and A represents ideality
factor of the p-n junction (between 1 and 5). In addition, [, is
the reversed saturation current of the PV cell, which depends
on temperature of PV arrays and it can be expressed by the
following equation:

3
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where T, is cell reference temperature, I,, is the corresponding
reversed saturation current at 7, and Eg,, stands for band-gap
energy of the semiconductor in the PV cell. In (1), the I,
varies with irradiation S; and PV array temperature 7, which
can be represented as

Iph = [Ixso + ki (T - T’)]%O ’ @

where [, is the short-circuit current while reference
irradiation is 100 mW/cm® and reference temperature is set at
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T,, and k; is the temperature coefficient. Based on (1), output
power (Ppy) of PV arrays then can be determined as follows:

14
Poy =1pyVpy =nplpnVpr _l’lplxatVPV|:exp(k;AWJ_l:| > @

X

which reveals that the amount of generated power Ppy varies
with irradiation S; and PV-array temperature 7.

The PV arrays used in this paper are SIEMENS SM55, and
the electrical characteristics of each module are listed in Table
1. By solving (1)-(4) and with the listed values in Tablel, the
relationships of Ip)~Vpy and Ppy-Vpy can be sketched. With
fixed module temperature (25°C), simulated Pp;-Vp) curves
under various irradiations are shown in Fig. 2. In the case of
constant irradiation (1000W/m?), Fig. 3 shows the relationship
between Ppy and Vpy under various module temperatures.

From the above simulations, it is obvious that the two
factors, array temperature T and irradiation S;, will affect the
generated PV power significantly. To improve system
efficiency, an MPPT algorithm has to be adopted to draw
maximum power from PV arrays.

Table 1. Electrical characteristics of the used PV module (SIEMENS SMS55).

Model SM55
Typical peak power (P, ) 55 W
Voltage at peak power (J/,,) 17.4V
Current at peak power ( [,,) 3.15A
Short-circuit current ( /g ) 3.45A
Open-circuit voltage(} ) 21.7V
Temperature coefficient of open-circuit voltage -0.077V/C
Temperature coefficient of short-circuit current(K,) 1.2m A/C
Output Power (W)
70
60 Pma.\'l . 1000W
50 D
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Fig. 2. P-V curve of the PV module with constant temperature (25C).
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Fig. 3. P-V curve of the PV module with fixed irradiation (1000W/m?).

III. THE PROPOSED MPPT ALGORITHM

From Figs. 2 and 3, it can be found that a maximum power
point occurs when the derivative of PV output power with
respect to terminal voltage equals zero. Therefore, from (3)
and (4), the optimal PV terminal voltage V. yppr in order to
draw maximum power from PV arrays can be obtained:

, _KTA | KTAUL g + k(T = T,)Si=1001,,
ref ,MPPT
q 1001,,,[qV,; sper +KTA]

)- 5)

In the derivation, both n, and n, have been assumed to be
one. Then, by substituting (5) into (4), the maximum power
Pyppris expressed as

q
P, MPPT — I ph Vref,MPPT -1 sat I/ref,MPPT [eXp m I/ref,MPPT - 1] ' (©)

Fig. 4 shows the relationship between Pyppr and Ve yppr
under constant module temperature while irradiation varies
from 200 to 1000 W/m?. In the case of fixed irradiation, the
trajectory of Pyppr -V,er mppr With an increase of temperature
from 25 to 65 C is shown in Fig. 5. Fig. 4 and Fig. 5 reveal
that Pyppr is linear to V. yppr approximately. In addition,
based on (4), the curves of Ve yppr-T and Ve yppr -S; are
shown in Fig. 6 and Fig. 7, respectively, both of which can be
approximated by straight lines. As a result, once a V. yppr is
obtained, the MPPT is achieved readily. An analog circuit to
determine Vs yppr is designed and shown in Fig. 8.
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Fig. 4. The relationship between Pyppr and V. yppr While irradiation

increases from 200 to 1000 W/m>.

760

Fig. 5.

15
12

PEDS2009

Puerr (W)
0

linear |
approximatiof
Y

50

. practical

trajectory

40

30

20

10

10

15

temperature increases from 25 to 65°C.

I/ref, MPPT (V)
8

20
Veersprr (V)

The relationship between Pyppr and V. yppr while module

practical
/trajectory
15 linear /"
12 approximation
9
6
3
0 20 30 40 50 60

Fig. 6. The trajectory of Vref, mppr versus T.
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Fig. 8. The proposed DLAA circuit.
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IV. AN IMPLEMENTATION EXAMPLE

To verify the proposed MPPT algorithm, a PV dc power
supply system is constructed, as shown in Fig. 9, which
mainly contains PV arrays, a DLAA circuit, and a dc/dc buck
converter. Some important parameters in the system are listed
as follows:

PV arrays: SIEMENS SM55 (4 pieces in series), C;=
100uF, C,= 100uF, L, = 2.11mH, active power switch:
IRF540N , and ultrafast diode: FR605.

In Fig. 9, the DLAA circuit determines a reference voltage
V,er wppr corresponding to an atmospheric condition. The PV
output voltage is sensed and compared with the V., wppr
Through the simple PI controller an appropriate control signal
is generated to regulate the PV output voltage so that the dc/dc
converter draws maximum power from PV arrays. Then, the
dc/dc converter injects the power into dc bus for dc-
distribution application or into utility via a grid-connection
dc/ac inverter.

DC/DC converter 48V DC
bus
L
244
E)
1

s =

PWM
irradiation

temperature | DLAA circuit V t t t

VeermpPT] +

Fig. 9. Illustration of an implementation example.

V. SIMULATED AND EXPERIMENTAL RESULTS

The PV power system mentioned in Section IV is simulated
and implemented to demonstrate the effectiveness of the
proposed approach. In simulation and implementation, both
algorithms of DLAA and PAOM are adopted and embedded
into the PV power system to fulfill MPPT. With fixed
temperature Fig. 10 and Fig. 11 show the simulated MPPT
trajectories by the PAOM and the DLAA, respectively, while
Fig. 12 and Fig. 13 show the MPPT results under constant
irradiation. As irradiation and module temperature increase,
the trajectories of MPPT by the PAOM and the DLAA are
shown in Fig. 14 and Fig. 15, in turn. In hardware
measurements, Fig. 16 is the practical result of the PV power
system with PAOM and Fig. 17 shows MPPT trajectory by the
DLAA under the variation of atmospheric condition. From
Figs. 10-17, it is illustrated that the DLAA can trace MPP
effectively and the proposed corresponding circuit is feasible.
In addition, a dc/dc converter with the proposed algorithm can
obtain better MPPT performance than that with a PAOM.
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ig. 10. The MPPT trajectory by the PAOM under fixed temperature.
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Fig. 11. The MPPT trajectory by the DLAA under fixed temperature.
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Fig. 12. The MPPT trajectory by the PAOM under constant irradiation.
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Fig. 13. MPPT trajectory by the DLAA under constant irradiation.
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Fig.14. MPPT trajectory by the PAOM while irradiation and temperature
increase.
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Fig.15. MPPT trajectory by the DALL while irradiation and temperature
increase.
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Fig.16. Practical measurement of the PV power system with the PAOM.
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Fig.17. Practical measurement of the PV power system with the DLAA.
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In this paper, a MPPT algorithm is proposed, which is
based on the relationship that an MPPT voltage varies with
irradiation and temperature linearly. A corresponding analog
circuit is also proposed. To verify the proposed algorithm and
to illustrate the feasibility of the MPPT circuit, a PV power
supply system embedding the MPPT circuit is simulated and
implemented. Simulations and practical measurements have
demonstrated that the proposed DLAA can trace maximum
power point effectively and prevent an operation point from
vibrating.

CONCLUSIONS

ACKNOWLEDGEMENT

The authors would like to thank the partial financial support
from the National Science Council of the Republic of China
under project number NSC 97-2622-E-327-004-CC3.

REFERENCES

Z. Salameh, F. Dagher and W.A. Lynch, “Step-Down
Maximum Power Point Tracker for Photovoltaic
System,” Solar Energy, vol. 46, no. 1, 1991, pp. 278-282.
K. Harada and G. Zhao, “Controlled Power Interface
Between Solar Cells and AC Source.” IEEE Transactions
on Power Electronics, vol. 8, No. 4, Oct 1991, pp. 654-
662.

F. Harashima, et al., “Microprocessor-Controlled SIT
Inverter for Solar Energy System.” IEEE Transactions on
Industrial Electronics, vol. IE-34, no. 1, Feb 1991, pp.
50-55.

O. Wasynezuk, “Dynamic Behavior of a Class of
Photovoltaic Power Systems,” [EEE Transactions on
Power Apparatus and Systems, vol. PAS-102, no. 9, Sep
1983, pp. 3031-3037.

N. Patcharaprakiti and S. Premrudeepreechacharn,
“Maximum Power Point Tracking Using Adaptive Fuzzy
Logic Control for Grid-connected Photovoltaic System,”
proceedings of the IEEE Transactions on Power
Engineering Society Winter Meeting, 2002, pp. 372-377.
Chihchiang Hua, Jongrong Lin and Chihming Shen,
“Implementation of a DSP-controlled Photovoltaic
System with Peak Power Tracking,” IEEE Transactions
on Industrial Electronics, vol. 45, no. 1, Feb 1998, pp. 99-
107.

(1]



PEDS2009

[71 Z. Salameh and D. Taylor, “Step-up Maximum Power
Point Tracker for Photovoltaic Arrays,” Solar Energy, vol.
44, no. 1, 1990, pp. 57-61.

8] Yeong-Chau Kuo, Tsorng-Juu Liang and Jiann-Fuh Chen,
“Novel Maximum-Power-Point-Tracking Controller for
Photovoltaic Energy Conversion System,” [EEFE
Transactions on Industrial Electronics, vol. 48, no. 3,
June 2001, pp. 594-601.

[9] N. Patcharaprakiti and S. Premrudeepreechacharn,

“Maximum Power Point Tracking Using Adaptive Fuzzy

Logic Control for Grid-connected Photovoltaic System,”

proceedings of the IEEE Transactions on Power

Engineering Society Winter Meeting, 2002, pp. 372-377.

Tsai-Fu Wu, Chien-Hsuan Chang and Yu-Hai Chen, “A

Fuzzy-logic-controlled Single-stage Converter for PV-

powered Lighting System  Applications,” I[EEE

Transactions on Industrial Electronics, vol. 47, no. 2,

April 2000, pp. 287-296.

Ying-Tung Hsiao and China-Hong Chen, “Maximum

Power Tracking for Photovoltaic Power System,” IEEE

Transactions on IAS, vol. 2, 2002, pp. 1035-1040.

Ching-Tsai Pan, et al., “A Fast Maximum Power Point

Tracker for Photovoltaic Power Systems”, I[EEE

Transactions on IECON, vol 1, 1999, pp. 390 - 393.

[10

=

[11

—

[12

—

763




<<
  /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


