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Abstract The size-of-source effect (SSE) of radiation thermometers is generally
determined using direct and indirect methods. The present paper describes the differ-
ence in the SSE obtained using the two methods. Three thermometers at different SSE
levels, namely, 1.5 × 10−4, 1.05 × 10−3, and 2.44 × 10−3, are selected. SSEs with
5 mm to 96 mm aperture diameters are higher in the indirect than in the direct method.
Three factors contribute to this difference: the light reflection from the inside face and
edge of the aperture to the black spot, the relay reflections from the thermometer and
background, and the decreased radiance caused by obstruction of light by a black spot.
Thus, the difference in the SSEs results from the difference in the principle of the two
methods and not from the SSE levels of the thermometers themselves. The difference
is negligible to be considered in a number of radiation thermometers, but they must
be taken into consideration in top-level intercomparisons.

Keywords Direct method · Indirect method · Radiation thermometer ·
Size-of-source effect

1 Introduction

The size-of-source effect (SSE) is a significant contributor to the error and uncertainty
in radiation thermometry measurements, both in laboratory standard calibrations and
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industrial temperature measurements [1–3]. It represents the dependence of the radi-
ometer or radiation thermometer on the environment surrounding the target area. The
SSE has been extensively studied with the widespread application of radiation ther-
mometers in many national metrology institutes (NMIs) [4–7], including the National
Institute of Metrology (NIM) [8,9]. The SSE results from the diffraction and scattering
of radiation and from the optical imperfections and aberrations within the optical sys-
tem of radiation thermometers [10,11] and contributes to the uncertainty in tempera-
ture measurements. The correction and calculation methods for this uncertainty have
been discussed several times [12–15]. The signals must be corrected to a common
aperture size if more than one blackbody is used during calibration or if comparisons
are performed between different blackbodies. Two methods for measuring the SSE,
the direct [16] and indirect methods [17], are available. These two methods measure
slightly different quantities, and published comparisons of their equivalence have not
been entirely conclusive [18,19]. The two measurement methods have several differ-
ences in terms of equipment and methods used to process the results.

In the present paper, three radiation thermometers at different SSE levels were used
to determine the differences between the direct and indirect methods. The character-
istics of the two methods were investigated, and the area of application was analyzed.

2 Instruments and Methods

A radiation thermometer with a 660 nm center wavelength has been established and
improved into several types since 1990 at the National Institute of Metrology (NIM) of
China. Compared with the older type of radiation thermometer (RT9031), the new radi-
ation thermometer (RT9032) has a smaller volume, lighter weight, and high portability.
RT9032s with 660 nm and 900 nm center wavelengths (RT9032-660 and RT9032-900,
respectively) have been set-up at the NIM since 2008.

The SSE of three thermometers was determined. The RT9032-660 and RT9032-
900, as well as the KE LP4 with a 650 nm center wavelength, were all equipped with
a Si photodiode. The characteristics of the three thermometers are listed in Table 1.

Table 1 Radiation thermometer specifications

RT9032-900 RT9032-660 LP4

Temperature range (◦C) 600–2000 800–3000 677–3527

Center wavelength (nm) 900 660 650

FWHM (nm) 20 10 10

Focus distance (mm) 150 150 143

Field stop (mm) 0.33 0.33 0.25

Resolution (◦C) 0.001 0.001 0.001

Measurement distance (mm) 700 700 700

FOV diameter (mm) 1.21 1.21 0.97
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Fig. 1 Schematic diagram of the SSE measurement system: (a) direct method, (b) indirect method with a
large aperture, and (c) indirect method with a 5 mm aperture diameter

The radiance source is an integrating sphere with an 800 mm inside diameter and
96 mm exit port aperture diameter. The diffused reflection layer in the integrating
sphere is Teflon and has a reflectance of approximately 0.98. The sphere has six halo-
gen lamps (21 V, 150 W) around the port, which has a uniformity of ±5 × 10−4 over
an area of 48 mm × 48 mm of the exit port [20]. The black-coated integrating sphere
has six apertures with diameters ranging from 5 mm to 96 mm. A quartz plate with a
black spot (2 mm or 4 mm in diameter) at its center was held at the exit port behind the
aperture in the indirect method. A small Si photodiode detector monitored the change
in the radiance within the sphere and made adjustments for each aperture change.

The direct method employed a large area that integrated the sphere as the radiance
source, which was powered with a constant current power supply. The sketch of the
thermometer as it focuses on the center of the aperture plate of the source is shown
in Fig. 1a. The signal, which was normalized to unity at the maximum aperture size,
was plotted as a function of the aperture diameter. The result of the direct method was
calculated using the following equation:

σ(d, d0) = v(L , d)

v(L , dmax)
(1)

where σ(d, d0) is the SSE at the aperture with diameter d0 to d, d is the diameter of
the uniform radiance source, dmax is the maximum diameter of the uniform radiance
source, and v(L) is the radiance of the source.

In the indirect method, the thermometer was focused on the aperture of an integrat-
ing sphere with a field of view smaller than the spot, as shown in Fig. 1b. The spot
was a cavity coated with high-emissivity black painting. The indirect method result
was calculated using the following equation:

σ(d, d0) = 1 − v(L , dmax) − v(L , d)

v(L)
(2)
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where σ(d, d0) is the data of SSE at the aperture with diameter d0 to d, d is the diam-
eter of the uniform radiance source, dmax is the maximum diameter of the uniform
radiance source, and v(L) is the radiance of the source.

3 Results

The SSE of RT9032-900, RT9032-660, and LP4 were determined using the two meth-
ods. The SSE of each thermometer was measured three times, and the average is
plotted in Figs. 2, 3, and 4. All data obtained from the direct and indirect methods
were calculated using Eqs. 1 and 2, respectively, and were returned to 100 % at the
96 mm diameter aperture.

0 20 40 60 80 100
99.7

99.8

99.9

100.0

100.1

S
S

E
 ,%

Source Diameter, mm

 Direct Method

 Indirect Method

9032-900

Fig. 2 Plots of the RT9032-900 SSE results of the two methods with 5 mm to 96 mm aperture diameters
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Fig. 3 Plots of the RT9032-660 SSE results of the two methods with 5 mm to 96 mm aperture diameters

123



Int J Thermophys (2011) 32:1655–1663 1659

0 20 40 60 80 100

99.97

99.98

99.99

100.00

S
S

E
 ,%

Source Diameter, mm

  Direct Method
 Indirect Method  

LP4

Fig. 4 Plots of the LP4 SSE results of the two methods with 5 mm to 96 mm aperture diameters

Table 2 SSE increments of RT9032 and LP4 with 5 mm to 96 mm source diameters measured using the
direct and indirect methods

Measurement method RT9032-900 RT9032-660 LP4

Direct method (%) 0.244 0.105 0.015

Indirect method (%) 0.257 0.122 0.029

Difference (%) 0.013 0.017 0.014

Difference = indirect − direct

The apertures with different diameters were separately placed at the exit of the inte-
grating sphere. For the 5 mm to 96 mm aperture diameters, the SSEs of LP4, RT9032-
660, and RT9032-900 obtained using the direct method are 0.015 %, 0.105 %, and
0.244 %, respectively, whereas those from the indirect method are 0.029 %, 0.122 %,
and 0.257 %, respectively, with a black spot 2 mm in diameter. The three thermometers
are at three different SSE levels: RT9032-900 at the lowest, RT9032-660 in the mid-
dle, and LP4 at the highest. An obvious difference is observed in the indirect method
compared with the direct one with an aperture diameter of 5 mm to 96 mm, especially
when the SSE level is higher by approximately 0.015 % (the average SSE difference
for each thermometer). All data are shown in Table 2. The slope of the plots from the
indirect method with an aperture diameter of 5 mm to 20 mm is different from that of
the direct method. The slope of the plots with an aperture diameter of 40 mm to 96 mm
is higher in the indirect than in the direct method, especially in RT9032-660 and LP4.

4 Discussion

The SSE results of the three thermometers at three levels using the two methods are
different. The SSE measured using the direct method is smaller than that using the
indirect one. Three main factors contribute to the difference in the results.
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Fig. 5 Plots of the RT9032-900 SSE results of the indirect method with black spots 2 mm and 4 mm in
diameter
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Fig. 6 Plots of the RT9032-660 SSE results of the indirect method with black spots 2 mm and 4 mm in
diameter

First, light from the integrating sphere inside the face and edge of the aperture is
reflected into the black spot in the indirect method, as shown in Fig. 1c. The reflected
light illuminates the black spot, thereby decreasing the size of the aperture. A much
smaller aperture size results in a much shorter distance between the edge of the aper-
ture and the black spot. Thus, the SSE in the indirect method is higher than in the direct
method. The SSE measurement using the indirect method with a black spot 4 mm in
diameter was performed to confirm this finding.

The SSEs with black spots 2 mm and 4 mm in diameter are shown in Figs. 5, 6,
and 7. The slope of the plot of the RT9032-900 SSE with apertures 5 mm to 20 mm
in diameter is smaller with the 2 mm to 4 mm spot diameter (Fig. 5). A similar result
was obtained for RT9032-660 and LP4 (Figs. 6 and 7). However, the SSE of the LP4
with a 4 mm spot diameter is bigger at the aperture 5 mm in diameter than that at the
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Fig. 7 Plots of the LP4 SSE results of the indirect method with black spots 2 mm and 4 mm in diameter

Table 3 SSE of RT9032 and LP4 with 5 mm to 96 mm source diameters measured using the indirect method

RT9032-900 RT9032-660 LP4

Aperture diameter (mm) 5 10 5 10 5 10

Spot diameter 2 mm (%) 99.753 99.764 99.878 99.896 99.971 99.975

Spot diameter 4 mm (%) 99.762 99.768 99.890 99.901 99.983 99.980

Difference (%) 0.009 0.004 0.012 0.005 0.012 0.005

Difference= (4 mm spot diameter) − (2 mm spot diameter)
All data were returned to 100 % at the 96 mm diameter of the source

aperture 10 mm in diameter (Fig. 7). SSEs and the different aperture and spot diam-
eters are listed in Table 3. Although the three thermometers are at three SSE levels,
the difference is the same. The difference (difference = SSE4 mm spot − SSE2 mm spot)

is approximately 0.011 % (the average of the SSE difference for each thermometer)
at the 5 mm aperture diameter and 0.005 % at the 10 mm aperture diameter (Table 3).
The light reflected by the inside face and edge of the aperture into the black spot
contributes to the difference in the slope of the plot with a 5 mm to 20 mm aperture
diameter.

Second, the relay reflections from the thermometer and background into the black
spot also affect the results. The relay reflections increase with increasing aperture
diameter when the indirect method is used to measure the SSE. More relay reflections
enter the black spot as the diameter of the aperture increases. The slope of the plot
using the 40 mm to 96 mm diameter aperture is bigger in the indirect method than in
the direct method, especially in RT9032-660 and LP4. The SSE also increases because
of the principle of measurement, which indicates the absence of any relationship with
the SSE level of the thermometer. However, the slope of the plot obviously changes
for thermometers at high SSE levels.

Third, the radiance measurement signal ν(L) is decreased by the black spot in the
indirect method, as shown in Fig. 1b. The field of view of the thermometer is moved

123



1662 Int J Thermophys (2011) 32:1655–1663

around the black spot to measure the radiance signal ν(L). The radiance of the source
decreases because the black spot obstructs the light from the integrating sphere, result-
ing in a decrease in the value of ν(L) and an increase in the SSE calculated using Eq. 1.
Thus, the radiance obstruction near the black spot is the third reason for the difference
in the results.

The three above-mentioned factors are the primary reasons for the difference in
the results, but other factors also contribute. Thus, the difference in the SSEs results
from the difference in the principle of the two methods and not from the SSE levels of
the thermometers themselves. This difference is negligible to be considered in a num-
ber of radiation thermometers, but they must be taken into consideration in top-level
intercomparisons.

5 Conclusions

A difference in the SSE results of the direct and indirect methods is observed. This
difference may be significant enough to become part of the uncertainty in the results
of top-level intercomparisons.

The SSE obtained through the indirect method is higher than that from the direct
method. Three factors contribute to the difference in the SSE, namely, the reflection
from the inside face and edge of the aperture into the black spot, the relay reflections
from the thermometer and background, and the obstruction of the sphere by the black
spot, which results in radiance reduction.

The three thermometers at different SSE levels were chosen to evaluate the differ-
ence between the direct and indirect methods. The difference is constant for a known
SSE measurement system, and is affected by the source, source window with a black
spot, aperture, holding of aperture, background, etc. The thermometer with a small
SSE must be considered when the direct method is used to avoid non-ideal factors.
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T. Veliki, T. Stašić (FSB/LPM, Zagreb, Croatia, 2004), pp. 599–604

7. H.W. Yoon, D.W. Allen, R.D. Saunders, Metrologia 42, 89 (2005)
8. Y. Duan, Q. Zhao, Z. Yuan, Acta Metrol. Sinica 17, 161 (1996) [in Chinese]
9. X. Lu, Z. Yuan, J. Liu, Acta Metrol. Sinica 29, 146 (2008)

10. P. Bloembergen, Y. Duan, R. Bosma, Z. Yuan, in Proceedings of TEMPMEKO ‘96, 6th International
Symposium on Temperature and Thermal Measurements in Industry and Science, ed. by P. Marcarino
(Levrotto and Bella, Torino, 1997), pp. 261–266

123



Int J Thermophys (2011) 32:1655–1663 1663

11. P. Bloembergen, in Proceedings of TEMPMEKO ‘99, 7th International Symposium on Temperature
and Thermal Measurements in Industry and Science, ed. by J.F. Dubbeldam, M.J. de Groot (Edauw
Johannissen bv, Delft, 1999), pp. 607–612

12. I. Pušnik, G. Grgic, J. Drnovšek, Int. J. Thermophys. 29, 322 (2008)
13. P. Saunders, H. Edgar, Metrologia 46, 62 (2009)
14. G. Machin, M. Ibrahim, in Proceedings of TEMPMEKO ‘99, 7th International Symposium on Tem-

perature and Thermal Measurements in Industry and Science, ed. by J.F. Dubbeldam, M.J. de Groot
(Edauw Johannissen bv, Delft, 1999), pp. 681–686

15. G. Machin, M. Ibrahim, in Proceedings of TEMPMEKO ‘99, 7th International Symposium on Tem-
perature and Thermal Measurements in Industry and Science, ed. by J.F. Dubbeldam, M.J. de Groot
(Edauw Johannissen bv, Delft, 1999), pp. 687–692

16. T.P. Jones, J. Tapping, Metrologia 18, 23 (1982)
17. T. Ricolfi, L. Wang, in Proceedings of TEMPMEKO ‘93, 5th International Symposium on Temperature

and Thermal Measurements in Industry and Science, vol. 5, ed. by F. Bernhard (IMEKO/Tech-Market,
Prague, 1993), pp. 161–165

18. G. Machin, R. Sergienko, in Proceedings of TEMPMEKO 2001, 8th International Symposium on Tem-
perature and Thermal Measurements in Industry and Science, ed. by B. Fellmuth, J. Seidel, G. Scholz
(VDE Verlag, Berlin, 2002), pp. 155–160

19. D. Lowe, M. Battuello, G. Machin, F. Girard, in Its Measurement and Control in Science and Industry,
vol. 7, ed. by D.C. Ripple (AIP, New York, 2003), pp. 625–630

20. X. Hao, Z. Yuan, W. Zhao, Chin. J. Lasers 37, 293 (2010)

123


	Size-of-Source Effect Difference Between Direct and Indirect Methods of Radiation Thermometers
	Abstract
	1 Introduction
	2 Instruments and Methods
	3 Results
	4 Discussion
	5 Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


