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Rotor Position Sensorless Control and Its Parameter Sensitivity
of Permanent Magnet Motor Based on Model Reference Adaptive System

Masaki Ohara***, Member, Toshihiko Noguchi*, Member

(20114E6 A 3 H321¥, 20114E10 A 3 H A1)

This paper describes a new method for a rotor position sensorless control of a surface permanent magnet synchronous
motor based on a model reference adaptive system (MRAS). This method features the MRAS in a current control loop
to estimate a rotor speed and position by using only current sensors. This method as well as almost all the conventional
methods incorporates a mathematical model of the motor, which consists of parameters such as winding resistances,
inductances, and an induced voltage constant. Hence, the important thing is to investigate how the deviation of these
parameters affects the estimated rotor position. First, this paper proposes a structure of the sensorless control applied
in the current control loop. Next, it proves the stability of the proposed method when motor parameters deviate from
the nominal values, and derives the relationship between the estimated position and the deviation of the parameters in
a steady state. Finally, some experimental results are presented to show performance and effectiveness of the proposed

method.
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Fig.2. Configuration of rotor position sensorless con-
trol system
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(c) Test condition 3

Fig.3. Estimation error of rotor position to winding re-
sistance variation
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(c) Test condition 3

Fig.4. Estimation error of rotor position to inductance
variation
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(c) Test condition 3

Fig.5. Estimation error of rotor position to back e.m.f.
constant variation

Table 2. Estimation error of rotor position to parameter
variation.
Parameter variation Current Rotation Speed
Winding Resistance Almost Almost inverse
proportion proportion
Inductance Almost .
proportion Non-relation
Back e.m.f. constant Non-relation Non-relation
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LHEE Or/min i3 2 L HECEMEE (IR L7z FEBRAS
B% Fig.6~Fig. 8 127”36
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Fig.6. Four-quadrant operation under parameter varia-
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Fig.7. Step response for disturbance load under param-
eter variation
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Fig.8. Step response for speed reference under param-
eter variation

T D RARN B AR S OB, B HREO TR R (44)
X & Fig.5 2> 5 MIFHEATIERR D & X DOZEBEH+7°
THEEDO L Z13H -7° TH D720, 8T XA—FEHRLOD
WA L CIRmEEATIE#L 0 & & 1347° 25, Hifino & &
& -7 MBS NFEPTHEND, T b EBRERD
Fig.6(a) & Fig.6(d) # LT 2 LHHL N TH B, ZNHD
FERP D, WA EHETEEEOEIIC OV TIRFHEREEE
BEBOEENIRKE L, FNUIDIST 2 — 5 BHOFE
EA %, F7o, WHERENIRKREVEAETOEREMETT
(&, M DA O 4 i P CLEE IS EL TR Y, N
ORI TE ISR & VI A SN,

434

(4:2-2) EFHUEZT v TANBOREEECEEE

Fig. 7 (c [l EE¥8 4 % 1500 r/min —E 12 L 72 IREE T,
100% &M ELE AT v TIICAN L7z EDORT %2R T,
BRI E AT 5 L BRI AL L 100% TLE 12
b BHIKPUEE L RA 57 & v AT B 1%
FA B HE 2 7S O % E)1E, Table 2 1I2/R L7z & 9 ICEFHME
WIZIZHBI L, BRRIRPIZ B O A mEE L (22T BB 5
B DT, REARALEHEE R OB IRV L 7o HE e iz 12
MBS BH8F X — 5 E) % Lo Fig. 7(a) 12, itz bs b
FR BE (20 U 72 2 N 0 o R O R A 18 HE o f s 22 N
HLERIC R ZENFHEND, Thbb, 260D
HEEmADOZEEL, BB ATHNHZIZIZ0° T, B
MELAD IR TR Z D L E OBERMEOIL U7z i E=05/%
5 X — & EE7 Lo Fig. 7(a) 2 S, AMAELAT AN
ENITCO alEEE AR L7z & S E W ER O &M 1
(a4 1500 r/min, )V 7 FEi 100%) T3 % Fig. 3(a),
Fig.4(a) 75 2 2K —0.4°, ¥1+1.8° L= b, 72, 3
O A B T O RGARAL B HE R AE D288 L, Table 2 2»
5 & MfnE O Z LI ERtR % O T Fig. 7(a) 12, &%
P CROI-—EOHERE, Thbb, EFFEERD
Fig.5(a) 75K E 5 89+7° #ME L 72 & % %, Fig.7 D
FEEAEROERHEIZINS LI1RIT-HLTBY, FENE
LWZEzRLTWE, DLEDOFRNS, /85 X — 5%,
KRR & 2 AfAMEL (100%) DZEBYASH: U7e85fr, Retihr
B EREOMEEIIERTORAETRALS EDHNTH
D, BERAEIENNT A= DOEFHFEIC LA >TER
FNFET Do L L, [ald7sd B e 1 033 ] i
EIC—F L CT8OmMS ETIHOMEIEIFLTEY, &BF
WCEIEL T b,

(4-2:3) EEREIRSDOIT v T Fig. 8 12[iz
HEH4A % 0r/min °5 1500r/min £ TA 7 v 7HIZZAL
SR EOEEL IR o /37 A= Y EFIZT2NT DR
WEHEERAEDZ L, AMMELA 7 v 7 AT & FRRICF
MTED, Tbb, BHRIKHIZLR) T O R E I iR E
1, EFHEICIEIZ I L ldnE R (BB L ISR LT
57289, NERCERIBEIML TnD L EFNT 2 —5%
By LICH_THEA L, ERAFEISEV—%E [E5HE Tl
FIF0° 2k b, MM ¥ 7 7 v ZAZLE) T ORMALE 34
#lL, BIRAEICIZIZA L TEICEILT 5720, EiH
MLTW2 & X138 T X =585 LIZh_THEmL, &
WATEI S —E [HEEE TIRIFIZ0° 1% b, HEEE
ERZEE) C O EHEE A2 L, BREICEMRTH S
DT, EBEREOH+T 18T X — ¥ L& LK%
ML b, Fig.8 OEBKE R, S, BRAEIHEE
MAEOEBEIX, TN OFAMICIZIZ—EK L TE
1213 10~20° ZEB L, &M 4 Tl 7 ERRE OEH R D5
35, LAL, WINOEREMFT L HERSEOLA
%, [RIEEHEEHEEMH T 70ms T 1500 r/min (IZEEL TH
D, B EFLECEEL TV b,

DLEo BRSO ERRERED S, RETNTIRIEEE B

IEEJ Trans. IA, Vol.132, No.3, 2012



MRAS |2 & % SPMSM t > L A (/NEIER, i)

Estimated speed

Speed 1700 r/min = o

Real speed of load motor
Speed : 100 r/min/PIV
Speed 1500 r/min = i
Current 50 % = LIS, 7
C0.75A Torque Current

Angle : 5°/DIV | ime : 5 ms/DIV

(e) Integral constant 12 ms

Estimated speed
Speed 1700 r/min = /r H : H
Real speed of load motor
Sneed : 100 r/min/DIV
Speed 1500 r/min = i
Current 50 % = [&7 B
C075A N Torque Current
Current : 10 %/DTV
i Position error i
0° = .2 r\/\ R
Angle : 5°/DIV ¢ Time :,5 ms/DIV.

(f) Integral constant 8 ms

Speed 1700 r/min = [

Current 50 % =>
C0.75A )

Speed 1500 r/min = :ﬂm\,/ 2
Y

S e

59/DIV

Angle

(9) Integral constant 6 ms

Estimated speed

Speed 1700 r/min =

~ H
Real speed of load motor

Snead : 100 r/min/DIV
Speed 1500 r/min =
Current 50 % = N AN
C0.75A0
Toraue Current

nt : 10 %/DIV

L P!

le : 5°/DIV. Time

(h) Integral constant 2ms

/i-\l_:stln_)atcd speed

Speed 1700 r/min =

[~ 1 H ; 1
,/ \ Real speed of load motor _|
i S
Speed 1500 r/min = [=» ; 3 ;
Current 50 % => 2\ -
C0.75A JAVA R S
Angle : 5°/DIV ;
00 = |—d o~ ‘\\_/ e H
: 5 ms/DIV

(i) Integral constant 1 ms

Fig.9. Stability of adaptive system under winding resis-
tance variation

V7 BRI TUZ 2 B E L, RS I REAR A 4 e iR
FEDSKIBICEEMT 2, 72, ZMEEEIREE T ORMEALE IEE
MAEDOFE)I, WA EHE T ROICE RN X L e
ERINT A= F BB O F RO ERE L IR I N
WIEEIFIFF L, PEEEEEEHOL SITKREER
RO EDVRERETE 2, 612, BEREIILLT
TR B RS AR ISR & CBfE L T, IlEmEE D
HEDIE L OLEBIATONT WD Z EDHREE 7o 72,

(4:3) BIFEMTEREOREM  Fig.9 ICHHEET
VO EMIKPLE —10%Z8) & & C, Bk nn®EE %
1500 r/min 7* %5 +200 r/min OEEE A 7 v TEIWE S & 72D
[l H L HE A D288 & TR FRATREIHI AT 12 ms DF LS
FETHHH, 8ms fFrh SIREAIEFE D 2ms 2 1 ms Tl

435

K& HERB) L 0.5ms IEALEIZE S, (26) X5k
72 % e BRSO PR L B IR M R R 2 2D 6.5 ms T & 5 25,
FEERF—FTD6mMs TIEF—N—3 2— 2k E IEH)
bHILIVEETH D, TOTIETHERAEDPIRITH LT
TH%&METH B AERAEDPR Z @M L7z (19) I JFEH A
borlBbbhb, £/, WHIFXr1 %013 5950255
WIZ 0.07 1225 LT 6ms 32 THEIEERT 5 L iRE) -1
L, 013 FHEAHREMETH DL Z L IFMAL TS, Db
o, EBOHIMTINT A — ¥ DVEH) L 2B ICLE @ RAE &
LCTHHTEDIE8mMs LLETH B 7-0, st Ot
FER (26) NI ZLeH A Fich W EREERITH L Z Lo5b
5o

5. £ &8

ARFICTIE, BEICIRE L T b MRAS % [\ 72 i i &
2 L AR BT e B — 7 TR
ETNVICEREE BROBBE—RENE 2 2HEET V%
B L TiEFIE MRAS 2T 5 &, #iRE L CEbH
HRDPIET SNz L AHNC R 5 2 L 2R L7,
E51L, 2Oy L AKIERICBWT, FHNT 2 — 5%
B DO AT, EHEIRETOZINT A — F EEIIHT
B E A O MR e EH L, £ ORM4MEE FHER
WX DHERR L 72, F7-, SHBREREOERERY2S, D
TOREPWMEIZR o720 Thbb, /87 A—FITKIBHRZE
B3 VA, Bl TRERGTIEMERELS5 2 25T E %,
AR B HEE RIS D W TE, BHIEPUER) CIE BRI
VTP L B BB I IR BIS B, A 250 5 A%
By CITBIAEIC G L nsnd B 3R R T h 5, ik
BT EBAE) TIIERME L REHEEICERTH L, S
512, BRI BIRE O BID R OLEE DTG RIE, F
BRER PO EH EARTH S Z EVHRERR T E 72,

AiRIE, XT A —F OFEIC & 5 RN E I E = O
R NE A ARAFIE— % (IPMSM) ~O#HIZ oW T
RETd %,

—_

X ik

M. Naidu and B.K. Bose: “Rotor Position Estimation Scheme of a Perma-
nent Magnet Synchronous Machine for High Performance Variable Speed
Drive”, in Coanf. Rec. IEEE-IAS Annual Meeting, pp.48-53 (1992)

N. Matsui and M. Shigyo: “Brushless dc Motor Control without Position
and Speed Sensors”, |IEEE Trans. on Industry Applications, Vol.28, No.1,
pp.120-127 (1992-1/2)

T. Takeshita, A. Usui, and N. Matsui: “Sensorless Salient-Pole PM Syn-
chronous Motor Drives in All Speed Ranges”, IEEJ Trans. on Industry Ap-
plications, Vol.120, No.2, pp.240-247 (2000-2) (in Japanese)

PrFRens - B - ARHMEAT | [AndEETRIRIC B 5 & v L A2
T PM FITEEAEHIE ], B4R D, Vol.120, No.2, pp.240-247 (2000-2)
G. Yang, R. Tomioka, M. Nakano, and T. Chin: “Position and Speed Sen-
sorless Control of Brush-Less DC Motor Based on an Adaptive Observer”,
IEEJ Trans. on Industry Applications, Vol.113, No.5, pp.579-586 (1993-5)
(in Japanese)

Wi #F - BREET - B K- & BE [EISE 7Nk
%77 VA DCE—% OfiiEt 4 L Al ], 75 D, Vol.113,
No.5, pp.579-586 (1993-5)

(5) Z. Chen, M. Tomita, T. Senjyu, S. Doki, and S. Okuma: “Position and Ve-

IEEJ Trans. IA, Vol.132, No.3, 2012



MRAS |2 & % SPMSM t > L A (/NEIER, i)

(11)

(12)

locity Sensorless Controls of Cylindrical Brushless DC Motors Using Dis-
turbance Observers and Adaptive Velocity Estimatiors”, IEEJ Trans. on In-
dustry Applications, Vol.118, No.7/8, pp.828-835 (1998-7/8) (in Japanese)

B R SRR - TERE R RRE B AN T -
N EHEEEEILFE S L AMFETT T 2 L A DC E— ¥ OfLE - #HE
+ 2 L AHKIH ], B D, Vol.118, No.7/8, pp.828-835 (1998-7/8)

K. Hirano, H. Hara, T. Tsuji, and R. Oguro: “Sensorless Speed Control of
IPM Motor”, IEEJ Trans. on Industry Applications, Vol.120, No.5, pp.666—
671 (2000-5) (in Japanese)

TR E SR E A NER— I TIPM E-S O YL
A FREEHI |, S5 D, Vol.120, No.5, pp.666-671 (2000-5)

Y. Kinpara: “Position Sensorless Control of PM Motor Using Adaptive Ob-
server on Rotational Coordinate”, IEEJ Trans. on Industry Applications,
\Vol.123, No.5, pp.600-609 (2003-5) (in Japanese)

GEEEZ L TERERE L oIS A 75— N & 7z PM BB O
&t >4 L AT ], BF D, Vol.123, No.5, pp.600-609 (2003-5)

S. Shinnaka: “New Sensorless Vector Control Methods Based on a New
Minimum-Order Flux State-Observer in the “D-Module” for Permanent
Magnet Synchronous Motors”, IEEJ Trans. on Industry Applications,
Vo1.123, No.12, pp.1446-1460 (2003-12) (in Japanese)

R L RARATTE — & OR/NRIE D WFIREE 7 — v &
IhEHVE 2 L ANRS P OVEIBIEOIRE ], B D, Vol.123,
No.12, pp.1446-1460 (2003-12)

S. Morimoto, K. Kawamoto, M. Sanada, and Y. Takeda: “Sensorless Control
Strategy for Salient-Pole PMSM Based on Extended EMF in Rotating Refer-
ence Frame”, |EEE Trans. on Industry Applications, Vol.38, No.4, pp.1054—
1061 (2002-7/8)

Z. Chen, M. Tomita, S. Doki, and S. Okuma: “An Extended Electro-
motive Force Model for Sensorless Control of Interior Permanent-Magnet
Synchronous Motors”, |IEEE Trans. on Industry Electronics, Vol.50, No.2,
pp.288-295 (2003-4)

S. Morimoto, A. Shimmei, M. Sanada, and Y. Takeda: “Posision and
Speed Sensorless Control System of Permanent Magnet Motor with Param-
eter Identification”, IEEJ Trans. on Industry Applications, Vol.126, No.6,
pp.748-755 (2006-6) (in Japanese)

BATEHE - MBI - B - K 3T 2 — ¥ [MEikie
FOKNKAFIE — & OfLE - #HEL L AGIH S A7 4], &
5 D, Vol.126, No.6, pp.748-755 (2006-6)

M. Hasegawa, S. Yoshioka, and K. Matsui: “Robust Position Sensorless
Control of IPMSMs for Inductance Variation Using Unknown Input Ob-
server”, IEEJ Trans. on Industry Applications, Vol.129, No.9, pp.890-898
(2009-9) (in Japanese)

BRI - &/ & ARt | DRIMA A 7 — e iz g »
¥y v AEEIIANA b IPMSM OALE & >4 L I, B
fi D, Vol.129, No.9, pp.890-898 (2009-9)

(13)

(14)

M. Ohara and T. Noguchi: “Sensorless Control of Permanent Magnet Motor
Based on Model Reference Adaptive System”, 2010 Annual Meeting Record
1EEJ, No.4, pp.183-184 (2010-3) (in Japanese)

ANEIER - B L[| 7 VHELEIL S A T L0 RARGL E —
Z Ot v L AR K 22 EH4K, No.4, pp.183-184 (2010-3)
M. Ohara and T. Noguchi: “Experimental Verification of Sensorless Control
Performance of Permanent Magnet Motor Based on Model Reference Adap-
tive System”, 2010 Industry Application Society Conference IEEJ, No.1,
pp.401-404 (2010-8) (in Japanese)

ANEIERE - BPIZFEE D [MRAS IC X A RAAE—5 DLy H LA
A PERE D FEBRMGE |, SPR 22 B EESEIS AR, No.l, pp.401-404
(2010-8)

I.D. Landau - M. Tomizuka : @BIGHIH > 2 7 & OB & R, 4 — 4
11 (1981)

K.J. Astrom and B. Wittenmark: “Adaptive Control”, Second Edition, Ad-
dison Wesley (1995)

(IEE) 1950 4F 2 A 4 HZE, 1973 4F 3 AR A
FTEMER LSRR, 1973 F 4 A5 LERE
B () HELER (k) Att, 1979 4 10
A (%) ELEREAUIeITingE, 1989 £ 4 A
(k) A i SRR At BUEH T B 15 B T- 1% 2
FEME, 2010 4F 4 F 50 AFAERHFA AT
SRS AT, sHIABRIRSEER, Y AT
LG RFE S H

(IEH) 1959 4F 10 A 23 Hz:, 1982 4E 3 A%
BT¥ERF THHERLFRIAE, 1986 4E3 A&
[ e N Sy N1 A B v o e R
BT VAT LALFEHELUE T, 1982 4F 4 ARE
WES () (B (k) WE) Afh, 199144 A
I e T3 s S B P Al Rl 1994 4F 4 B KR
FHAM R T, 1996 4F 4 A ¥z, 2007 4E
4 F[FHEESZ . 2009 4E 4 H RS #d%,

(T.%#), IEEE Senior member,

436

IEEJ Trans. IA, Vol.132, No.3, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages false
  /ColorImageFilter /None
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /None
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF96fb6c175b664f1a8a8c7528306e8a2d5b9a3002753b50cf306e57277e2e309251683066004f00460046306b3002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


