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Abstract 

 
In this study, the analysis of wind farm that has Double Feed 
Induction Generator (DFIG) with Fuzzy Logic Controller 
(FLC) in its operation connected to the grid is realized. In 
wind farm, DC voltage control is modeled with FLC. Bus 
voltages that are connected to grid, load bus voltage, DC link 
voltage, active and reactive power variations of wind farm 
are examined. Simulation results are demonstrated with 
figures by Fuzzy Logic Controller (FLC)-Proportion 
Integrate (PI) comparison. As a result of the studies, it is 
observed that FLC makes the system stable in a shorter time 
than PI. 

 
1. Introduction 

 
Wind power may be considered as one of the most promising 

renewable energy sources after its progress during the last three 
decades. However, its integration into power systems has a 
number of technical challenges concerning security of supply, in 
terms of reliability, availability and power quality. Wind power 
impact mainly depends on its penetration level, but depends also 
on the power system size, the mix of generation capacity, the 
degree of interconnections to other systems and load variations. 
Since the penetration of wind power generation is growing, 
system operators have an increasing interest in analyzing the 
impact of wind power on the connected power system. For this 
reason, grid connection requirements are established. In the last 
few years, the connection requirements have incorporated, in 
addition to steady state problems, dynamic requirements, like 
voltage dip ride-through capability (1).  In the solution of these 
problems, time response is very important. In terms of time 
response FLC is one of the controllers that are used in wind 
farm. If we are to examine the studies that are carried out in 
wind farms with FLC; it is observed that FLC is efficient in the 
problems that occur during the getting in and out of the variable 
speed wind farm (2). It is examined that FLC effect is used in 
variations of torque and flux in wind farm different wind speed 
(3). Energy Storage Systems that are used as expand wind farm 
on the voltage and frequency with FLC are examined (4). 
During the adaptation of wind farm in HVDC systems, input 
power and output power variations with FLC are examined. 
Also analyses of steady-state and transient state are observed 
(5). Primarily frequency controller is done in wind farm power 
and frequency variations with FLC are observed (6). Analysis of 

symmetric and asymmetric fault in wind farm is examined. To 
achieve maximum energy, FLC is used (7). It is clear in the 
examinations carried out that FLC is efficient in active and 
reactive control in wind farm (8-9). With the help of the 
modeling of buck-boost converter with FLC, effects of fault 
have been focused on (10-11). 

In the pitch angle control, FLC has been efficient and the 
systems has soon been stable (12-13). In the examination that 
has been carried out, steady-state analysis approach in wind 
farm in comparison with FLC-PI has been demonstrated. Effects 
of voltages and powers have been examined by ensuring of DC 
link voltage with FLC modeling. It is seen that FLC makes the 
system stable in a shorter time than the Proportion-Integrate 
(PI). 

 
2. Wind Turbine Modeling 

 
Output mechanical power and torque of wind turbine is 

explained as: 
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Where, ρ is the air density, A is the blade sweep area, V is 
wind speed. R is the rotor radius of wind turbine, Cp is the 
power coefficient of the blade which is a function of the blade 
pith angle θ, and the tip speed ratio λ as; 
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Fig. 1. Power coefficient versus tip speed ratio 
Example of power coefficient versus tip speed ratio is shown 

in Fig. 1: the maximum power coefficient Cp_max corresponds 
to the optimal tip speed ratio λopt. Clearly, the turbine speed 
should be changed with wind speed so that optimum tip speed 
ratio is maintained (7-14). 

 
3. Double Feed Induction Generator (DFIG) 

 
Circuit model of DFIG is demonstrated in Fig. 2.  
 

 
 

Fig. 2. DFIG circuit model 
 

DFIG wind turbine includes a wound rotor induction 
generator connected to the wind turbine rotor through a drive 
train. This generator presents the stator winding directly grid-
coupled and a bidirectional power converter feeding the rotor 
winding, made up two back-to-back IGBT bridges based voltage 
source converters linked by a DC bus. This power converter 
decouples the electrical grid frequency and the mechanical rotor 
frequency, thus enabling variable speed wind turbine generation 
(15). The dynamic equation of a three-phase DFIG can be 
written in a synchronously rotating d-q reference frame as. 
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Where ws is the rotational speed of the synchronous reference 
frame, Sws= ws-wr the slip frequency and S is the slip, wr is the 
generator rotor speed and the flux linkages are given by: 
 
 ds s ds m drL i L i� � �  (7) 
 
 qs s qs m qrL i L i� � �  (8) 
 
 dr r dr m dsL i L i� � �  (9) 
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Where, Ls, Lr and Lm are the stator inductance, rotor 
inductance and mutual inductances, respectively. The active and 
reactive stator powers and rotor powers are: 
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Where, Ps and Pr, stator, rotor active power, Qs and Qr, stator 

and rotor reactive power (16). 
 

4. Wind Farm Controller Unit 
 

The control of wind farm DC voltage is done with PI 
controllers. The circuit of wind farm DC voltage control is given 
Fig. 3. 

 

Vdc

Vdc_ref

FUZZY

Idref

Iq

Iqref

Id

Current
Regulator

DC Voltage Regulator

 

Fig. 3. Wind farm dc voltage controller 
 

DC voltage goes through PI controller by comparing with 
reference voltage. DC voltage value is classified as PI controller 
with the signal that is accepted as a reference. Converter trigger 
angles are produced the rates that capacitor voltage is minimum 
and maximum the part in which PI controller is done is 
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converted into FLC to ensure the control of thyristors with 
triggering angle FLC. 

 
5. Fuzz Logic Controller (FLC) 

 
A FLC comprises of three basic blocks, namely, 

Fuzzification, Inference system and Defuzzification as shown in 
Fig. 4. 

Membership functions are applied as a means of controller 
tuning and range between 0 and 1. Membership functions are 
chosen in such a way that these reflect the characteristics of the 
input variables and meet the requirements of the controller. The 
fuzzy inference includes the process of fuzzy logic operation, 
fuzzy rule implication and aggregation. In the fuzzy inference 
system, the fuzzified input variables are processed with ‘AND’ 
fuzzy operators and the IF-THEN rule implementation, which 
are based on expert knowledge of the control problem to be 
dealt with. These rules are fact, the control strategy of the 
system and describe the actions that are required for all 
conceivable combinations of memberships. Fuzzy sets 
representing the outputs of each rule are then combined into a 
single fuzzy set, known as aggregation. The desired output 
signal of the FLS is then transformed into a crisp value. But at 
any time several rules will fire, each of them makes a suggestion 
as to how the output signal should be changed. Hence the 
defuzzification combines the results of all the rules and finds a 
crisp value. The Centre of Gravity method is used for 
defuzzification, which returns the center of the area under the 
curve representing the aggregated output fuzzy set (12). 

 

 
 

Fig. 4. FLC blok diagram 
 

6. System Analysis 
 

In the study, analysis of three bus system is carried out. 
Model of the applied system is demonstrated in Fig. 5. 

 

GRID

LOAD

0.4kV/34.5kV 34.5kV/154kV1 2

3

DFIG

 
 

Fig. 5. Simulation system modeling 
 

There is a wind farm that is 6MW DFIG in bus 1. While 
modeling of bus 2 with grid that has 154 kV is done, bus 3 is 
modeled as load bus. 2 transformers are used in the system. A 
transformer decreases the voltage that is 154 kV to 34.5 kV. . A 
transformer increases the voltage that is 34.5 kV to 0.4 kV. Grid 
short circuit powers are regulated as 100 MVA. Also the circuit 
X/R rate is determined as 7. Bus 3 a 4-3 MW-2.3 MVAr RL 
load is used. FLC model is applied to the part of wind farm 
where DC voltage control is done. In DC control unit of wind 
farm, Comparison PI, FLC models are done. In the FLC 
occurred 5 5	 rule tables. 

 
7. Simulation Result 

 
Wind Farm is connected bus voltage, grid is connected to bus 

voltage, middle bus voltage, given in Fig. 6-8. 
 

 
 

Fig. 6. Wind farm voltage variations 
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Fig. 7. Grid voltage variations 
 

 

 
 

Fig. 8. Load bus voltage variations 
 

When the system study is 0.05 seconds, wind farm bus 
voltage and bus voltage has risen to 1.3 p.u. values, middle line 
bus voltage has risen to 1.2 p.u. value and grid bus voltage has 
risen to 1.005 p.u. value. DFIG  DC link voltage, DFIG active-
reactive power variations have been shown in between Fig. 9 
and Fig. 11. 
 

 
 

 
 

Fig. 9. DC link voltage variations 
 

 
 

Fig. 10. Wind farm active power  
 

 

 
 

Fig. 11. Wind farm reactive power  
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While PI study, the DC link voltage, active-reactive power 
increasing oscillations, FLC study less oscillations.  

Wind farm bus voltage, Grid connect bus voltage, load bus 
voltage, DC link voltage, active and reactive power in wind farm 
time responses are given in table 1, during the period wind farm 
is connected to the system. 

 
Table 1. Variable time responses 

 

Variables PI FLC 
Wind farm bus voltage 0.25s 0.07s 

Grid bus voltage 0.18s 0.05s 

Load bus voltage 0.18s 0.05s 

DC link voltage 0.25s 0.1s 

Wind farm active power 0.2s 0.06s 

Wind farm reactive power 0.2s 0.06s 
 

8. Conclusions 
 

It has been observed that system becomes stable in a shorter 
time as opposed to PI controller in wind farm by carrying out 
conventionally with FLC. It is also seen that control of circuit 
and load Busses achieve stability very quickly with FLC in 
terms of time response. It occurred that bus voltage that is 
connected to wind farm and DC link voltage becomes stable in 
longer time than other variables. It has become clear that bus 
which is connected to wind farm and load bus voltages are 
affected as soon as wind farm is connected to the system 
whereas grid side isn’t affected by this situation at all in terms of 
oscillation. 

 
 

9. References 
 

[1] A. Junyent-Ferré, O. Gomis-Bellmunt, A. Sumper, M. Sala, 
M. Mata, "Modeling and control of the doubly fed 
induction generator wind turbine", Simulation Modeling 
Practice and Theory, vol. 18, no. 9, pp. 1365–1381, 
October 2010. 

[2] M. N. Eskander, W. M. Ibrahim, M. M. Abdel Aziz, A. M. 
Ibrahim, "Generation Control of A Wind Farm With 
Variable Speed Wind Turbines For High Power Quality", 
Telecommunications Conference, INTELEC '05. Twenty-
Seventh International, Berlin, Sept. 2005, pp. 443 – 448. 

[3] C. H. S. Kumar, A. V. R. S. Sarma, P. V. N. Prasad, 
"Fuzzy Logic Based Control of Wind Turbine Driven 
Squirrel Cage Induction Generator Connected to Grid", 
Power Electronics, Drives and Energy Systems, PEDES 
'06, New Delhi, 12-15 Dec. 2006, pp. 1 – 6. 

[4] A. Davigny, B. Robyns, "Fuzzy Logic Based Supervisor of 
A Wind Farm Including Storage System and Able To Work 
in Islanding Mode", IEEE Industrial Electronics, IECON 
'06, Paris, 6-10 Nov. 2006, pp. 4231-4236. 

[5] N. Boonpirom, K. Paithoonwattanakij, "Wind Farm 
Generator Control Using Self-Tuning Fuzzy Controller", 
International Conference on Electrical and Computer 
Engineering ICECE '06, Dhaka Bangladesh, 19-21 Dec. 
2006, pp. 221-225. 

[6] V. Courtecuisse, B. Robyns, B. Francois, S. Plumel, J. 
Deuse, "Fuzz logic based primary frequency control of 
variable speed wind generators", Power Engineering, 
Energy and Electrical Drives POWERENG 2007, 12-14 
April 2007, pp. 630 – 635. 

[7] V. Galdi, A. Piccolo, P. Siano, "Designing an Adaptive 
Fuzzy Controller for Maximum Wind Energy Extraction", 
IEEE Transactions on Energy Conversion, vol. 23, no. 2, 
pp. 559-569, June 2008. 

[8] L. Krichen, B. Francois, A. Ouali, "A Fuzzy Logic 
Supervisor for Active and Reactive Power Control of A 
Fixed Speed Wind Energy Conversion System", Electric 
Power Systems Research, vol. 78, no. 3, March 2008. pp. 
418–424. 

[9] H. H. Lee, P. Q. Dzung, L. M. Phuong, "A New Fuzzy 
Logic Approach for Control System of Wind Turbine with 
Doubly Fed Induction Generator", Strategic Technology 
IEEE. IFOST 2010 Proceedings, Ulsan, 13-15 Oct. 2010, 
pp. 134-139. 

[10] S. M. Muyeen, "Grid Interfacing of a Small Scale DC-
based Wind Farm using Fuzzy Logic Controlled Inverter 
System", XIX International Conference on Electrical 
Machines-ICEM 2010, Rome, 6-8 Sept. 2010, pp. 1-6. 

[11] S. M. Muyeen, R. Takahashi, M. H. Ali, T. Murata, J. 
Tamura, "Transient Stability Augmentation of Power 
System Including Wind Farms by Using ECS", IEEE 
Transactions on Power Systems, vol. 23, no. 3, pp. 1179-
1187, Aug. 2008. 

[12] A. Petersson, T. Thiringer, L. Harnefors, T. Petru, 
"Modeling and experimental verification of grid interaction 
of a DFIG wind turbine", IEEE Transaction on Energy 
Conversion, vol. 20, no. 4,pp. 878-886, Dec. 2005. 

[13] I. A. Isaac, D. Cabrera, H. Pizarra, D. Giraldo, J. W. 
Gonzalez, H. Biechl, "Fuzzy Logic Based Parameter 
Estimator for Variable Speed Wind Generators PI Pitch 
Control", ANDESCON 2010 IEEE, Bogota, 15-17 Sept. 
2010, pp. 1 – 6. 

[14] H. Yin, L. Fan, Z. Miao, "Reactive power modulation for 
inter-area oscillation damping of DFIG-based wind 
generation" Power and Energy Society General Meeting, 
2010 IEEE, Minneapolis, 25-29 July 2010, pp. 1 – 9. 

[15] L. M. Fernândez, F. Jurado, J. R. Saenz, "Aggregated 
dynamic model for wind farms with doubly fed induction 
generator wind turbines", Renewable Energy, vol. 33, no. 
1, pp. 129–140, Jan. 2008. 

[16] O. Barambones, M. De La Sen, P. Alkorta, "A Robust 
Control of Double-feed Induction Generator for Wind 
Power Generation", Industrial Electronics, 2009. IECON 
'09 35th Annual Conference of IEEE, Porto, 3-5 Nov. 
2009, pp. 94 – 99. 

 

91



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


