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Abstract- This paper proposes a new fuzzy-based direct power 
control (FDPC) for doubly fed induction generator (DFIG)-
based wind energy conversion systems. In the proposed 
method, the required rotor voltages are directly calculated 
based on fuzzy controller, stator voltage, rotor speed and some 
machine parameters. The switching table and hysteresis 
comparator used in conventional DPC are replaced by PWM 
modulator. Also the converter switching frequency is constant. 
Furthermore, the effect of machine parameters mismatches is
found negligible. Simulations are done to verify the 
effectiveness of proposed method under steady state and 
transient conditions and also machine parameters mismatches. 

Keywords-doubly fed induction generator (DFIG); direct 
power control (DPC); fuzzy logic controller(FLC) 

I. INTRODUCTION 
 Wind energy has become an important source for 
electricity generation in many countries. It is expected that 
wind energy will provide about 10% of the world’s 
electrical energy in 2020 [1].Nowadays, many wind farms 
are based on the doubly fed induction generator (DFIG) 
technology with converter rated at 20%-30% of generator 
rating. Compared with other wind farm technologies it
offers several advantages such as increasedpower capture, 
decoupled and fast active and reactive powers control, 
reduced mechanical stresses[2-4]. A schematic diagram of 
the DFIG-based wind energy conversion systems is shown 
in Fig. 1. 
 Direct torque control (DTC) was first introduced in the 
middle of 1980s. DTCdirectly controls the developed torque 
by the machinewith the use of torque and flux information 
and selects the best voltage vector using switching look-up
table [5]. Based on the DTC technique, the direct power 
control (DPC) was proposed for three phase pulsewidth 
modulated (PWM) converters and proven to have many 
advantages, such as simplicity, fast dynamics  
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Figure 1.Schematic of a DFIG-based wind energy generation system. 

and robustness against parameters variations and grid 
disturbances [6-8].In DPC, the converter switching states 
are selected from a switching table, based on the active and 
reactive powererrors and the angular position of the ac 
voltage [6, 7] or virtual flux [8]. Recently, the DPC is 
proposed for the control of acmotors [9] and more recently 
DFIG [10].In the proposed method reported in [10], the 
converter switching frequency changes due to the active and 
reactive power errors and hysteresis comparator bandwidth.  

 In this paper a new fuzzy-based direct power control 
(FDPC) strategy for DFIG is proposed. In the proposed 
method, direct power control is achieved based on the 
measured active and reactive powers, stator voltage, rotor 
speed and some machine parameters. Power errors and 
integration of power errors are fed as inputsto a fuzzy logic 
controller (FLC). The rotor reference voltages are directly 
calculated by adding output of FLC to the extra components 
namely therotor back emf. In the proposed method 
converter switching frequency is constant. The switching 
look-up table and hysteresis comparator are replaced by 
PWM modulator. It is also based on stator voltage 
orientation not stator flux orientation which removes need 
of integration. 

II. DFIG MODELING AND EQUATIONS 
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Figure 2.DFIG equivalent circuit in the synchronous reference frame. 

 The equivalent circuit of DFIG in the synchronous 
reference frame rotating at the speed of ωs, is depicted in 
Fig. 2. 
According to Fig.2, the stator and rotor voltages and flux 
vectors of DFIG can be expressed as  
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In the above equations, s s mL L L and r r mL L L .
The instantaneous active and reactive powers injected to the 
grid are given by 
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The amplitude and rotating speed of the stator flux are 
constant under ideal grid voltages. Consequently,

/ 0s
sd dt .Assuming that the stator copper losses can 

be neglected, the stator voltage vector equation will be 
simplified as 
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If, by using a PLL, the d-axis of the synchronous reference 
frame is fixed to the stator voltage vector, Eq. (6) results in 
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Based on Eqs.(3),(4), (5)and (7), active and reactive powers 
can be expressed as 
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Based on (8) and (9), since the stator voltage stays constant 
at normal operation, active and reactive power changes over 
a fixed sample periodTs are given 

s sd rdP K V   (10) 

s sd rqQ K V    (11) 

According to (10) and (11), since changes in active and 
reactive powers are corresponding to the changes in rotor 
flux components in the d-q axis, the active and reactive 
powers can be controlled by adjusting rd and rq

respectively. Equation (2) can be rearranged in each small 
sample periodTs as follow 
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After decomposing the (12) into d and q components and 
neglecting the rotor resistance effect, the changes in rotor 
fluxes are obtained as  

( )rd s rd s s r rqT V T     (13) 

( )rq s rq s s r rdT V T        (14) 

Substituting (13) and (14) in (10) and (11), the rotor 
voltages in the synchronous reference frame are obtained as 
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These equations are the base of proposed fuzzy-based direct 
power control (FDPC) method. 

III. FUZZY-BASED DIRECT POWER CONTROL 

With carefully considering (15) and (16), these equations 

can be rewritten as follow 

rd rd rdV U E     (17)

rq rq rqV U E       (18) 

where 

rd p sU k P   (19) 
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Based on (17)-(22), it can be concluded that rotor reference
voltages are composed of two components. The first 
component is an output of proportional controller and kp or
kq are the gain of these controller which are adopted to 
reduce the power errors. These controllers can be replaced 
by another proper controller. The second component is 
equivalent rotor back emf which is proportional to the slip 
angular frequency ( slip s r ).
 In this paper, the fuzzy logic controller (FLC) is used 
instead of proportional controller mainly because of two 
reasons. First, it doesn’t require any mathematicalmodel of 
the system or process which is under controlled. Second, it 
is widely accepted that the structure of FLC is simple and 
easy for practical implementation. 
The power errors (ep and eq) and integration of power errors 
(∫ep and ∫eq) are used as inputs of FLC. The output of the 
FLC is proper voltage (Urd and Urq) to reduce the power 
errors which are added to equivalent rotor emf (Erdq) to 
generate rotor reference voltages. Two independent FLCs 
are used to control active and reactive powers. For all inputs 
and outputs, seven fuzzy sets are chosen which are negative 
big (NB), negative medium (NM), negative small (NS), zero 
(Z), positive small (PS), positive medium (PM), positive big 
(PB). For example, the fuzzy set of active power error is 
depicted in Fig.4. The range of these variables in the 
horizontal axis is depended on the operating point of DFIG. 

There are49 rules that form the knowledge repository of 
the FLC which are used to decidethe appropriate control 
action.These rules are presented in Table.1. The Sample rule 
of the FLC can be written as follow 
if (ep (eq) is x) AND (∫ep (∫eq) is y) then (Urd (Urq) is w)The
performance of the fuzzy system is based on Mamdani’s 
min–max rule [11, 12].
When a set of input variables is read, each rule is fired. For 
example, for the FLC of active power, the output of ith rule 
is as follow
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Figure 4.Fuzzy set of active power error. 

  
TABLE.1 Rules of FLCs 

e
Δe

PB

PM

PS

Z

NS

NM

NB

PB PM PS Z NS NM NB

PB PB PB PB PM PS Z

PB PB PB PM PS Z NS

PB PB PM PS Z NS NM

PB PM PM Z NM NM NB

NB

NB

NB

PM PS Z NS NM NB

NB

NBNBNBNMNSZ

PS Z NS NM NB

whereμp and μ∫p are membership functions of each input and 
αi is the weighting factor (firing strength) of ith rule. 
Afterward, this value should be compared with the 
membership function of output in the ith rule. Thus  

min ,i i viO
μvi and Oi are output membership function and final 
membership value of ith rule. To complete the Mamdani’s 
min–max rule, the maximum value of final membership 
values of rules should be chosen. Based on this principle, 
the output that has maximum possibility distributionis 
chosen as the output. Thus the output is given as 

max 1,2,...v iO i
Finally the defuzzification method is used to produce the 
output voltage.Basically, defuzzification is a mapping from 
a space offuzzy control actions defined over an output
universe ofdiscourse into a space of nonfuzzy (crisp) control 
actions.It is employed because in many practical 
applications acrisp control action is required.The 
shematicdiagram of the FDPC is depicted in Fig.5. 

IV. SIMULATION 

 To investigate the performance of the proposed control 
strategy under different conditions, extensive simulations 
are conducted using Matlab/Simulink software. The 
simulated system is shown in Fig. 6 and the system 
parameters are given in Table 2. The DFIG is rated at  
2 MW. 
 The grid side converter is responsible for balancing the 
power exchange between the rotor and grid through 
maintaining a fixed DC-link voltage.  
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Figure 5.Schematic of proposed fuzzy-based direct power control. 

 The rotor side converter is intended to control the stator 
active and reactive powers. The control strategy of the grid 
side converter ispractically the same as VSC transmission 
systems [13] and grid-connected rectifiers [14]. In this 
paper, the proposed method in [14] is used and the DC-link
voltage is adjusted at 1200 V. 

A high frequency RC filter is connected to the stator side 
to absorb the switching harmonics and high frequency 
noises generated by the two converters. During the 
simulations, the sampling period was set to 250μs. To 
generate the switching pulses, the space vector modulation 
(SVM) technique with the switching frequency fixed at 2-
kHz is utilized. 

Various step changes in the active and reactive power 
references are carried out to evaluate the dynamic 

performance of the proposed DPC strategies. The results are
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Figure 6.Configuration of the simulated system. 

TABLE.2 Parameters of the simulated DFIG 

Rated power 2MW
Stator voltage 690V

Stator/rotor turns ratio 0.3
Rs 0.0108pu
Rr 0.0121pu(referred to the stator)

Lm3.362pu
Lσs 0.102pu
Lσr 0.11pu(referred to the stator)

Lumped inertia constant 0.2s
Number of pole pairs 2

shown in Fig. 7 for rotor speed of 1.2pu. Initially the rotor 
side converter is enabled with the active and reactive power 
references at 0 MW and -0.5 MVar, respectively. The active 
and reactive power references jumped from 0 to 2 MW at 
0.2 s and from -0.5 to 0.5 MVar at 0.4 s, respectively. Then, 
step change of active power reference from 2 MW to 1 MW 
at 0.6 s is carried outto evaluate both rising and falling 
performances. The proposed control strategyreveals a fast 
dynamic response and the active and reactive powers track 
the reference values within a few milliseconds.  

To verify that DFIG parameters variations don’t make 
considerable effect on performance of control strategy, a 
simulation with 40% variation in mutual inductance and 
rotor speed variation was done. The results are depicted in 
Fig.8. As seen in Fig. 8, even with such large inductance 
errors and rotor speed variation the system response is good 
enough and the system maintains superior performance 
under both steady-state and transient conditions. 

Figure 7. Transient performance of the proposed DPCs under various active
and reactive power step changes at rotor speed of 1.2pu: a) active power 
(MW) b) reactive power (MVar) c) stator currents (kA) d) rotor currents 

(kA). 
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Fig.8. Simulated results under various stator active and reactive power 
steps and rotor speed variation and 40% variation in Rs and Lm. (a) Rotor 
speed(p.u) (b) Stator active power (MW) (c)Stator reactive power (MVar) 

(d) Three-phase rotor current (kA). 

V. CONCLUSION 
In this paper, a new direct power control method based on a
fuzzy logic controller is proposed. At first, the mathematical 
model of DFIG in the synchronous reference frame is 
derived. Then, based on this model, the rotor reference 
voltages are directly calculated using fuzzy logic controller 
and feed forward term namely back emf. In the proposed 
method, the hysteresis comparator and switching look-up
table are replaced by PWM modulator. Also, the converter 
switching frequency is constant. The extensive simulations 
were done which confirmthe effectiveness and superb 
performance of proposed method under steady state and 
transient conditionsand also machine parameters and rotor 
speed variations.  

REFERENCES 

[1] World Wind Energy Association (online) , Available: 
http://www.wwindea.org

[2] R. W. De Doncker, S. Muller, and M. Deicke, “Doubly fed induction 
generator systems for wind turbines,” IEEE Ind. Appl. Mag., vol. 8, 
no. 3,pp. 26–33, May/Jun. 2002.

[3] L.M. Fernandez, C.A. Garcia, F. Jurado,”Comparative study on the 
performance of control systems for doubly fed induction 
generator(DFIG) wind turbines operating with power 
regulation,”Energy 33 (2008) 1438–1452.

[4] L.M. Fernandez, C.A. Garcia, F. Jurado,”Operating capability as a 
PQ/PV node of a direct-drive wind turbine based on a permanent 
magnet synchronous generator,”Renew. Energy 35 (2010) 1308–
1318.

[5] I. Takahashi and T. Noguchi, “A new quick-response and high-
efficiency control strategy of an inductionmotor,” Inst. Elect. Eng. 
Trans. Ind. Appl., vol. 22, no. 5, pp. 820–827, 1986.

[6] T. Noguchi, H. Tomiki, S. Kondo, and I. Takahashi, “Direct power 
control of PWM converter without power-source voltage sensors,” 
IEEE Trans.Ind. Appl., vol. 34, no. 3, pp. 473–479, May/Jun. 1998.

[7] G. Escobar, A. M. Stankovic, J. M. Carrasco, E. Galvan, and R. 
Ortega, “Analysis and design of direct power control (DPC) for a 
three phase synchronous rectifier via output regulation subspaces,” 
IEEE Trans. PowerElectron., vol. 18, no. 3, pp. 823–830, May 2003.

[8] M. Malinowski, M. P. Kazmierkowski, S. Hansen, F. Blaabjerg, and 
G. D. Marques, “Virtual-flux-based direct power control of three-
phase PWM rectifiers,” IEEE Trans. Ind. Appl., vol. 37, no. 4, pp. 
1019–1027, Jul./Aug. 2001.

[9] X. Luo, “Direct power control of AC motors,” Master’s thesis,
University of Nevada, Reno, 2009, 
[online].Available:\url{http://search.proquest.com/docview/30494541
0/fulltextPDF/134EBD955116D8DB4AA/1?accountid=45164} 

[10]L.  Xu and P. Cartwright,  “Direct active and reactive power control of 
DFIG for wind energy generation,” IEEE Trans. Energy Convers.,
vol. 21, no. 3, pp. 750–758, Sep. 2006.

[11]C.C. Lee, “Fuzzy logic in control systems: fuzzy logic controller. Part 
I,” IEEE Trans. Syst. Man Cybern. vol. 20, no. 2,pp. 404-
418,Mar/Apr. 1990.

[12]C.C. Lee, “Fuzzy logic in control systems: fuzzy logic controller. Part 
II, “IEEE Trans. Syst. Man Cybern. vol. 20, no. 2,pp. 419-
435,Mar/Apr. 1990.

[13]J. L. Thomas, S. Poullain, and A. Benchaib, “Analysis of a robust DC-
bus voltage control system for a VSC-Transmission scheme,” in 
Proc. 7th Int.Conf. AC-DC Power Trans., London, U.K., 2001,pp. 
119–124.

[14]M.Monfared, H.Rastegar, H.M.Kojabadi, “High performance direct 
instantaneous power control of PWM rectifiers,”Energy Conversion 
and Manage 2010 (51): 947–954

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.8

1

1.2

a

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-1

0

1

2

3

b

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-1

0

1

c

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-4

-2

0

2

4

time(s)

d

70



<<
  /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 1
  /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
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /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


