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Abstract - The electric fields associated with sphere-plane 

gap geometry is simulated using charge simulation 

method (CSM). In the present study simulation results 

with symmetrical placed 6 and 14 point charges are 

reported.  The errors in Charge Simulation Method 

(CSM) of sphere surface potentials are analyzed by 

optimally placing the charges. The optimal location of 

point charges used in simulation are identified using 

Genetic Algorithm (GA). The GA makes use of 

maximum-potential-error on the surface of the sphere 

electrode as the objective function in identifying optimal 

charge locations.  

 

A large number of numerical experiments are conducted 

and surface error plots are reported. 

 

The effort here has been to see the effect of optimally and 

symmetrically placed charges on simulation error. Results 

indicate that percentage maximum potential errors in 

simulation on the surface got reduced from 3.86e-004 to 

1.30e-005 when the number of charges is increased from 6 

to 14, respectively (with optimal locations). 

 

It is known from the literature that increasing the number 

of charges improves results of simulation in CSM. 

Application of GA in conjunction with CSM have been 

some of the recent efforts and the present work brings out 

the point that non optimally located increased number of 

charges may not yield results with improvement in 

accuracy. 
 

INTRODUCTION 

 

The charges simulation method is an integral equation 

technique. Due to its favorable characteristics it is one 

of the very commonly used techniques for electric field 

analysis in high voltage engineering, particularly for 

open boundary problems [1,2]. It makes use of 

mathematical linearity and expresses Laplace’s equation 

as a summation of particular solution due to set of 

unknown discrete fictitious charges. In the conventional 

CSM location of these fictitious charges are 

predetermined by the programmer, while the magnitude 

of these charges are found by satisfying the boundary 

condition at the selected number of contour points on 

the boundaries [3].  The unknown charges are then 

computed from relation 

 

 [P]  x  [Q] = [V]    (1) 

 

Where, [P] is the potential coefficient matrix.  

[Q] is the column vector of unknown charges.  

[V] is the potential of the contour points (Boundary 

conditions).  

 

Resulting simulation accuracy depends strongly on the 

choice of number, type of simulating charges, their 

locations, contour points and complexities of electrode 

configuration. This conventional method has been 

modified by using optimization techniques in selecting 

simulating charge distribution in order to maximize the 

accuracy [1]. The method reduces the reliance on 

personal experience in setting up CSM and leads to 

improvement in simulation accuracy. Recently, OCSM 

with Genetic Algorithms as optimization tools is being 

explored to maximize the simulation accuracy [4,5] The 

effort also being made to reduce the dependency of 

users experience in setting up CSM models by GA 

search techniques and analyze the simulation 

errors[6,7].  

 

Genetic Algorithms are a part of evolutionary 

computing and rely on the principle of survival of the 

fittest [8,9] GA’s computational schemes have been 

successfully applied in various areas of electrical power 

and high voltage engineering including shape 

optimization of electrodes[10] and charge simulation 

optimization[4,5]. 

 

Present work is aimed at analyzing the errors in CSM 

by numerical experimentations. As a test case the 

electric field due to sphere gap geometry is simulated 
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using point charges. In simulation and analysis the 

charge arrangements based on symmetry and the 

optimized locations are considered and these results are 

discussed from the point view of improving CSM 

accuracy using GA as the tool.  

 

Sphere gap geometry is one of the most commonly used 

geometry in discharge studies in high voltage 

engineering. Sphere-plane electrode is chosen, as it 

forms an important test gap from the point of high 

voltage engineering [11]. Also, this gap is widely used 

to access the numerical field computation methods [2]. 

In the present simulation study the results are with ‘free 

space’ as the dielectric medium.   
 

CSM MODEL DETAILS 

 

The sphere-plane gap geometry shown in figure 1 is 

simulated using point charges to analyze the CSM 

errors.  For the sake of uniformity in comparison the 

gap separation ‘g’ is maintained 10 units with sphere 

radius as 1 per unit. The potential of the electrode is 1 

per unit. The plane electrode is simulated using image 

electrode and corresponding image charges. 
 

 
Fig 1- The Sphere-plane  gap geometry simulated, 

shown  along with the image sphere. 

 

Charge arrangement of models 

In the model with six charges, with a set of two charges 

on each line parallel to the coordinate axis placed on the 

either side of the center of the spherical electrode 

(within the sphere), are such that they all are equidistant 

from the centre of the sphere. And this radial distance is 

chosen as the only variable. Thus optimal locations of 

all the charges are obtained by obtaining this radial 

distance from the sphere centre coupling CSM with GA 

as optimization tool. That is r’ 

(=Xq1=Xq2=Yq3=Yq4=Zq5=Zq6) is the only variable 

with 0<r’<r. With this arrangement six point charges lay 

on a sphere surface concentric to sphere electrode at a 

radial distance r’. 

 

In the model with 14 charges also the charges lie on a 

sphere surface concentric to sphere electrode at a radial 

distance r’, as in the case of six charge arrangement.  

The position of 6 charges is the same as described in 

earlier 6-charge model, but remaining 8 charges are 

placed on the sphere radius of r’ at the locations 

equidistant from the adjacent three charges; these three 

charges being placed on the Cartesian coordinate axis 

forming the quadrant. These additional 8 charges will 

lie along the axis intersecting the 8 quadrants at 45° 

with respect to the Cartesian coordinate axis, when 

placed taking in to account symmetry.  
 

DETAILS OF GA AND OBJECTIVE FUNCTION 

 

The MATLAB tool box of GA[11] is used along with 

the CSM implemented for the models with 6 and  14 

charges described above. The general algorithm of these 

models for the application program is as given below. 

Algorithm for application program: 

1. Decided on population size, number of generation 

for the GA routine. (Population size is chosen to 40 

and the number of generation is 50.)  

2. Specify bounds on the variables (Charge locations). 

In the present study bounds on charges are such that 

they lie within the sphere (radius<1 per unit) and 

are symmetrically placed. 

3. Basic call to GA function: Specifying bounds and 

file containing the function to be optimized. 

4. CSM program as function: 

�� Gets initial population (or new population in 

subsequent generations) as charge locations. 

�� Specify Geometric details in CSM program 

including contour points. 

�� Compute charge magnitudes. 

�� Compute potential error on the surface at ‘n’ 

number of points on the surface along a 

particular angle ‘phi’ (Ø) for differing ‘theta’ 

(�) values. (See figure 3). In the present study 

this done with n=100 and phi=45° (for 6-

charge- model) and phi=22.5°(for 14-charge-

model). 

��  Obtain maximum potential error ‘maxerr’. 
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�� Evaluate objective function value 

=1/(1+maxerr); which is to be maximized. 

It is supplied back to GA routine. 

5. GA routine goes through Reproduction process 

to arrive at new population. 

6. Check for generation number. If specified 

number of generations is completed then 

declare best population; else repeat steps 4 to 6.   

7. The fitness function used to maximize the 

accuracy is of the type  

 

Fitness function=1/(1+U)  (2) 

 

Where U is the maximum potential error and its value is 

obtained by CSM routine. The float genetic algorithms 

perform better [11] and hence this is adopted in the 

present work. The matlab toolbox [11] is used with the 

number of generations which as 50 and the population 

size of 40. 
 

N UMERICAL EXPERIMENTS AND RESULTS  

 

For model with 6 charges the results of surface potential 

error plot with charges placed at the radius 0.5 p.u 

(r’=0.5p.u. with radius of sphere r=1p.u.) is shown in 

figure 2. In order to determine the optimal location of 

the charge ( that is optimal r’) the GA- CSM program is 

run for 10 test run and the typical results with optimized 

location are given in figure 3. The optimal r’ obtained is 

0.0377 p.u.. 

 
Fig 2- Variation in % potential error on the sphere 

electrode surface for  6-charge model. 

With ‘theta’ � [0, 180°] and ‘phi’ � [0, 360°].The charges 

are placed at a distance 0.5 units away from the center of 

the sphere deviating from the optimal value; radius of 

spherical electrode is unity, gap separation is 10 units; 

potential of the electrode is unity. 

 
Fig 3- Variation in % potential error on the sphere 

electrode surface for  6-charge model. 

With ‘theta’ � [0, 180°] and ‘phi’ � [0, 360°].The charges 

are placed at a distance 0.0364 units away from the center 

of the sphere (optimal value); radius of spherical 

electrode is unity, gap separation is 10 units; potential of 

the electrode is unity. 

 
 

Fig.4 Variation in % potential error on the sphere 

electrode surface for 14-charge model. 

 With ‘theta’ � [0, 180°] and ‘phi’ � [0, 360°].The 

charges are placed at a distance 0.5 units away from the 

center of the sphere deviating from the optimal value; 

radius of spherical electrode is unity, gap separation is 10 

units; potential of the electrode is unity. 

 

For model with 14 charges the numerical 

experiments are carried out similar to that of 6 

charge model. The potential surface error plot 

results with r’=0.5 p.u. is presented in figure 4. The 

typical results with optimized location r’ for this 

model is given in figure 5. The optimal r’ obtained 

for 14-charge model is 0.0346 p.u.. 
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 [4] M M Abouelsaad, M M El Bahy: “Accurate Field Computation 

of Needle-Plane Gaps using an Optimized Charge Simulation 

Method”, Conference on Electrical Insulation and Dielectric 

Phenomena,  2000, pp506-509. 

Fig.5 Variation in % potential error on the sphere 

electrode surface for 14-charge model. 

With ‘theta’ � [0, 180°] and ‘phi’ � [0, 360°].The charges 

are placed at a distance 0.0377 units away from the center 

of the sphere (optimal value); radius of spherical 

electrode is unity, gap separation is 10 units; potential of 

the electrode is unity. 

 

Results indicate that percentage maximum potential 

errors in simulation on the surface got reduced from 

3.86e-004 to 1.30e-005 when the number of charges is 

increased from 6 to 14, respectively (with optimal 

locations). The computational time for 6-charge model 

is in order of 1 second where that for 14 charge model is 

10 seconds. Comparing figures 3 and 4 it is can be 

concluded that increased number of charges (from 6 to 

14) does not reduce give better results if they are not 

located optimally. As see from figures 2 and 4 with out 

optimized locations the maximum potential errors are in 

the order 0.3 to 0.7 percent. Conversely, optimally 

locating charges improves accuracy immensely. 
 

CONCLUSIONS 

 

CSM errors using point charges placed with due 

consideration to symmetry have been reported with 

differing charge numbers and optimally located 

arrangement. Though results are specific to sphere plane 

geometry following important conclusions have 

evolved: 

�� Increasing number of charges can give results with 

increased accuracy of simulation but this gain is not 

appreciable (if at all it is observed). 

�� Increase in number of charges without 

consideration to optimal locations may not yield 

better results in terms of accuracy. 

�� Simulations with symmetrically placed optimally 

located charges results in high degree of accuracy. 

�� With symmetrically placed optimally located 

charges if the number of charges are increased there 

will further improvement in the results, which is 

appreciable. 

   
REFERENCES 

 

[1] Nazar H Malik, “ A review of the Charge Simulation    Method 

and its Applications”, IEEE Transactions on electrical 
insulation, Vol. 24, No.1, 1989, pp 1-20. 

[2] Gururaj S Punekar, Thejowathi G, Kishor N K, “Simulation 

study of Borda’s profile & parallel plane electrode to assess 

electric field uniformity”, 8th International; Conference on 

Electromagnetic Interference & Compatibility, INCEMIC-

2003, to be held at Center for Electromagnetics,  Chennai, 

December 2003.  

[3] H Singer, H. Steinbingler and P. Weiss, ”A Charge Simulation 

Method for the calculation of high voltage fields”, IEEE
Transaction on PAS Vol. 93. 1974, pp.1660-1668. 

[5] Chen Xudong, Qian Jingen, Ni Guangzheng, Yang Shiyouand 

Zhang Mingliu: "An Improved Genetic Algorithm for Global 

Optimization of electromagnetic Problems”, IEEE Transactions 

on Magnetics, Vol.37, No.5. September 2001, pp. 3579-3583. 

[6] Ryo Nishimura, Katsumi Nishimori, Naganori Ishihara, 

“Automatic arrangement of fictitious charges and contour 

points in charge simulation method for two spherical 

electrodes”, Journal of electrostatics 57, 2003, pp. 337-346. 

[7] Gururaj S Punekar, N K Kishore, H S Y Shastry, “Comparative 

study of GA-CSM models of sphere-plane gap using optimally 

located point charges”, paper communicated to IEE-SMT, in 

July 2005. 

[8] David E. Goldberg: “Genetic Algorithms in search optimization 

and machine learning (Addison-Wesely, 2000) Indian edn. 

[9] C.R. Houck, J.Joines, And M.Kay. “A genetic algorithm for 

function optimization: A Matlab implementation”, ACM 

Transactions on Mathematical Software, Submitted 1996. 

http://www.ie.ncsu.edu/mirage/GAToolBox/gaot 

[10] B Sareni, L Krahenbuhl And A Nicolas:  “Efficient Genetic 

Algorithm for Solving Hard Constrained Optimization 

Problems”, IEEE Transactions on Magnetics, Vol.36, No.4, 

July 2000, pp.1027-1030. 

[11] H. McL.Ryan & C.A.Welly, “Field Auxiliary factors for simple 

electrode geometry’s”, Proc. IEE, Vol.114, No.10, pp.1529-

1536 Oct. 1967.  

 

 
AUTHORS’ BIO-DATA 

 

 

 
G. S. Punekar received the B.E. degree from Karnataka University 

Dharwad. He obtained MSc(Engg) degree by research from High 

Voltage Engineering department of IISc Bangalore in 1991. He 

worked with Tata Electrical Co. Bombay from 1991 to 1992. He 

served as a lecturer in a private engineering college for 6 years. 

From 1998 he is with National Institute of Technology, Karnataka as 

lecturer. He is presently perusing his doctoral research having 

registered as a self-sponsored candidate with Department of 

Electrical Engineering IIT Kharagpur. His research interests include 

H V engineering, electrical field computation. He is MIE (India) and 

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on February 22,2021 at 11:15:59 UTC from IEEE Xplore.  Restrictions apply. 



LM-ISTE.  (email id’s: gsp652000[at]yahoo.com &      

gsp[at]nitk.ac.in) 

 

 

 
N. K. Kishore (SM’96) received the M.E. degree from Indian 

Institute of Science (IISc), Bangalore, in 1985, and the Ph.D degree 

from the IISc, Bangalore in 1991. Currently he is Professor with the 

Indian Institute of Technology (IIT), Kharagpur. He was a Scientific 

Officer with IISc Bangalore from 1987 to 1991. He joined the 

faculty of Electrical engineering at IIT, Khargapur, in 1991. His 

research interests include high-voltage engineering, power systems, 

lightning, EMI/EMC, and condition monitoring of power apparatus. 

He is Fellow of the Institute of Engineers (India). He has been 

reviewing papers for the IEEE TRANSACTIONSON DIELETRICS 

AND ELECTRICAL INSULATION, THE IEEE  

TRANSACTIONS ON POWER DELIVERY, and the IEEE 

TRANSACTIONS ON NEURAL NETWORKS.  (email id: 
kishor[at]ee.iitkgp.ernet.in ) 

 

 
H. S. Y. Shastry received BE degree in electrical engineering from 

Bangalore University, Karnataka, India, in 1969, the M.E. degree in 

power systems from Bangalore University, Karnataka, India, in 

1971, and the Ph.D degree from IIT Kanpur in 1984. He joined 

department of electrical engineering K R E C Surthakal (presently 

National Institute of Technology, Surthakal) as lecturer in the year 

1972, became Assistant professor in the year 1984, and full 

Professor in the  year 1994. His areas of interests are in power 

system dynamics. He is presently divisional chairman of electrical 

sciences and NITK. He is member of ISTE. 

 

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on February 22,2021 at 11:15:59 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


