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Abstract 

There are 70 vertical and 70 horizontal correctors for 
Pohang Light Source. Until 2003, power supplies for 
these correctors were based on 1980’s technology, so the 
global orbit feedback system was not possible with poor 
12 bit resolution. In 2003, a task force team was 
assembled to develop new power supplies with BESSY 
type DAC cards. By summer 2004, two vertical correctors 
in each lattice were connected with new power supplies, 
and the global orbit feedback was available within the 
accuracy of 5 microns. However, this replacement was 
not enough to satisfy the beam stability requirement of 2 
microns for PLS. We have launched another power 
supply design based on all digital technology. This 
attempt was completed within a year, and 80 units were 
assembled in house. Currently, the global orbit feedback 
system is running successfully with new digital power 
supplies and the compensation of chamber motion due to 
the thermal load by using digital displacement transducers 
attached on each BPMs. 

INTRODUCTION 
Pohang Light Source (PLS) has 12 cells with one 

super-period. There are 70 vertical and 70 horizontal 
correctors for orbit correction. PLS has provided stable 
photon beam to beamline users since corrector magnet 
power supplies (CMPS) were upgraded to more stable 
ones by 2005. CMPS for synchrotron radiation source is 
required to have long-term stability, high precision 
current control, and control repeatability. The CMPS has 
been upgraded two times incorporating the available 
technology of magnet power supply at those times. 

Until 2003, power supplies for these correctors were 
based on 1980’s technology with 12 bit of current 
granularity and the hysteresis current controlled full-
bridge converter type, so the global orbit feedback system 
was not possible with poor 12 bit resolution. With the 12-
bit power supply, 1 bit current change of CMPS resulted 
in about 6 μm change of global orbit, which is not 
acceptable to beamline users. As the 12-bit power supply 
was too coarse to be used in global orbit feedback, we had 
to replace the power supply with the granularity of better 
than 16 bit. In 2003, a task force team was assembled to 
develop new power supplies. At that time as a first 
upgrade model we decided to adopt DAC/ADC card 
developed for BESSY-II which is capable of 20-bit 
control granularity [1]. The first upgrade model was 
analog type. Only 22 among 70 power supplies for the 

vertical plane were replaced with the first upgrade model 
because of the budget limitation while 22 power supplies 
for horizontal plane were replaced with the modified 
module of the existing power supply whose DAC/ADC 
granularity was improved to 16 bit. The selected corrector 
magnets which are located upstream and downstream of 
the straight sections can effectively counteract the orbit 
change due to gap change of insertion devices. The orbit 
stability after the first CMPS upgrade was less than 1 μm 
for short-term (< 5 min) and 5 μm for long-term ( > 12 
hours).  

However, this replacement was not enough to satisfy 
the beam stability requirement of 2 microns for PLS. In 
order to attain that requirement, more corrector power 
supplies should be replaced with better ones. Moreover 
some improvement was issued on the power supply itself; 
better stability and better control granularity. We have 
launched another power supply design based on all digital 
technology. This attempt was completed within a year, 
and 80 units were assembled in house. At that time we 
decided to adopt newly established-digital technology for 
magnet power supply which was developed in PSI [2]. 
We fabricated 70 power supplies with digital architecture 
for vertical plane and put them into operation in 
September 2005. The second upgrade of CMPS is fully 
digital technology and has a control resolution of 1 ppm 
and short-term (< 5 min) stability of ±  2 ppm and long 
term ( < 24 hours) stability of  ±  10 ppm [3]. The 22 
power supplies of first upgrade model were moved to 
horizontal plane correctors.  As the number of available 
good CMPSs was increased in both planes, 34 correctors 
were used in each plane for global orbit feedback. The 
resultant orbit stability for 12 hours improved to 2 μm, 
and the orbit variation at each correction step in global 
orbit feedback was not clearly seen in beamlines. The 
global orbit feedback runs every 2 seconds. The digital 
type power supply communicates with VME via fiber 
optics module at 5 Mbps. 

HARDWARE CONFIGURATION 

The control granularity of CMPS should be small 
enough to make the beam oscillation by orbit feedback 
invisible in beamline experiments. In order to get high 
precision control granularity, 19 to 24 bit DAC board was 
developed in BESSY-II. A power supply with digital 
control architecture was developed in PSI and 
successfully applied in DIAMOD for a few watts to 1 
MW power supply. Digital-controlled power supply is 
capable of providing high resolution above 19-bit and _________________________________________ 
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good stability below 10 ppm, and fast control. The digital 
controller consists of DSP, FPGA, and high resolution 
ADC. 

 

 

Fig. 1: Circuit diagram of the old CMPS. 
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Fig. 2: Circuit diagram of the digital control power supply 

 

Figure 1 shows the circuit diagram of the old CMPS 
with the switching frequency of 1.6 kHz and the DAC bit 
of 12-bit. The hysteresis current control for stabilizing the 
load current can not compensate the voltage change well 
because the frequency changes as the load condition 
changes.  

Figure 2 shows the circuit diagram of the digital control 
power supply. The hardware is full-bridge switching type 
and is capable of four-quadrant action. IGBT is uni-polar 
type with 25 kHz switching and the 5-th order LC filter is 
used to get -80dB attenuation of switching frequency at 
the output. ULTRASTAB 867-201 DCCT (Danfysic) is 
used to get higher resolution of load current. The 
requirements of the digital power supply are: (1) step 
resolution smaller than 2 ppm, (2) ±  10 ppm long-term 
stability, (3) 4th or 5th output filter, (4) over 25 kHz 
switching frequency, (5) fast communication port for 

feedback operation. Table 1 lists the comparison of two 
type power supplies. 

 
Table 1: Comparison of two type power supplies.  

Parameters Digital PS  Old PS  

Output voltage/current ±  110 A 

Load inductance 16 mH @1 kHz 

Operating quadrant 4 Q 2Q 

Stability (0 sec to 60 sec) ±  1 ppm ±  20 ppm 

Stability (> 12 hours) ±  10 ppm ±  100 ppm 

Resolution of output 

current 
> 19 bit 12-bit 

Reproducibility ±  5 ppm ±  30 ppm 

Filter cut-off frequency 4.5 kHz None 

Switching frequency 
Unipolar 25 

kHz PWM 

Bipolar 1.6 

kHz ~ 2 kHz 

 

EXPERIMETAL RESULT 
 
If the high frequency switching noise and low 

frequency noise from the power supply is not perfectively 
damped in the vacuum chamber of corrector magnet, the 
stored beam can be influenced by that noise.  

Figure 3 shows the output noise spectrum of the old 
CMPS and the digital CMPS. As the old model CMPS has 
no output filter, the switching frequency (1.6 kHz) and its 
higher harmonics are clearly shown, while the switching 
noise is perfectly damped in the digital CMPS as shown 
(b).  

Figure 4 shows the short-term stability of the old 
CMPS and the digital CMPS measured at the load current 
of 55A. The old CMPS shows a stability of ±  20 ppm 
while the digital CMPS shows a stability of ±  0.5 ppm. 
The short-term stability is important in the dynamic 
correction power supply because the high resolution 
control can be assured after the short term stability is 
guaranteed. The short-term stability is determined by 
DDCT, ADC, Input/Output filter, and digital controller for 
current regulation.  The long-term stability is influenced 
by external sources such as ambient temperature and the 
temperature coefficient of semi-conductor components. 

Figure 5 shows the current variations of the setting and 
reading of two CMPS (P08CV1 and P08CV2) used in the 
orbit feedback for 48 hours.  It is seen that the load 
current follows well the setting value during the orbit 
feedback run. Figure 6 shows the long-term stability of 
global orbit for one day. It is seen that the global orbit 
feedback keeps the orbit below 3 µm.  

 



 
(a) 

 

 
(b) 

Fig. 3: Output current noise spectrum: (a) Old CMPS, (b) 
Digital CMPS.  

 
 

 
(a) 

 

 

(b) 
Fig. 4: Short-term stability: (a) Old CMPS (20 ppm / Div), 
(b) Digital CMPS (1 ppm /Div.). 
 

 

Fig. 5: Current variations of the setting and reading of two 
CMPS (P08CV1 and P08CV2).  

 

 
Fig. 6: Orbit stability measured for one day.   

CONCLUSION 
 
PLS CMPS has been upgraded continuously since 2003, 

and played an important role in orbit stabilization. The 
high performance digital power supplies installed in 2005 
have been working well up to now and the orbit stability 
has improved remarkably. The power supply itself shows 
a good reliability. Currently, the global orbit feedback 
system is running successfully with the digital power 
supplies and the compensation of chamber motion due to 
the thermal load by using digital displacement transducers 
attached on each BPMs [4].      

REFERENCES 
[1] K. Burkmann, et al., “Corrector power supplies with 

a DAC resolution up to 24bits based on 16 bit DAC 
devices,” Proc. of ICALEPS 2001, p157. 

[2] L. Tanner and F. Jenni, Proc. of PAC 2001, p. 3681. 
[3] K.M Ha, J.Y Huang, et al., “PLS fully digital 

controlled corrector power supplies,” ICALEPS2005, 
Geneva, Switerland. 

[4] H. S. Kang, et al., “Compensation of BPM chamber 
motion in PLS orbit feedback system,” Proc. of PAC 
2007, p. 290. 

 



<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /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
  /CreateJDFFile false
  /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 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 5 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


