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In the physical world no colours exist, only light energy distributions with various spectral compositions. 
It is well known that there is a direct relationship between spectral power distribution and perceived 
colour when colour is considered out of context. If a colour is perceived in context, this relationship no 
longer holds. To integrate the rich amount of spectral information, in order to obtain the triplet necessary 
to generate colour sensation, the human retina integrates the spectrum by means of cone sensitivity 
curves. Colorimetry does the same using colour matching functions. Considering colour out of context, 
small changes in the integration curves result in corresponding changes in colour. In the case of colour 
in context this does not apply, since human vision colour normalisation mechanisms play an important 
role. This paper presents experiments that show how colour normalisation and spatial computation 
can compensate for changes in the integration curves. In other words, the human visual system has 
developed ways to adjust to changing lighting composition and distribution. Experiments prove that these 
mechanisms can also compensate for differences in cone sensitivities, or more generally in every set 
of spectrum integration curves.

Introduction

Our vision system receives colour stimulus from the detection of light energy distributions in 

their various spectral compositions. Light spectral power distribution (SPD) ranges over a wide 

set of wavelengths, from about 380 to 780 nm. In such a wide range, the number of possible 

SPD combinations is very large.

To deal with the extremely high light signal variability, our vision system integrates the 

light spectral information into a simple triplet, referred to as tristimulus, which corresponds 

to the three different types of retinal cones, at high light levels. Each cone type has different 

sensitivities, and integrates the spectrum with three different sets of weightings.

To obtain a fi nal colour for colorimetry purposes, a set of colour matching functions (CMFs), 

or alternative integration curves, converts continuous or stepwise spectral information into 

three chromatic values. Much research in the fi eld of colorimetry has been undertaken and 

several CMFs developed [1]. Tristimulus values vary considerably from one CMF to another. 

But what motivated this study was to fi nd out if these changes are evident if the context in 

which colours occur is considered. With the test presented, the aim has been to analyse from a 

different perspective the robustness of colour perception, something that is usually considered 

only from the colour constancy point of view.

Moreover, from a physical point of view, the colour signal detected by our vision system 

derives from the interaction between spectral light distribution and surface refl ectance, 
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the percentage of incident light that, due to the surface characteristics, is refl ected at each 

wavelength by objects. The colour information detected by our vision system is always the mix 

of the two: a white paper under yellow light is characterised by the same signal as a yellow 

paper under white light. It is impossible to separate these two components by relying only on 

the spectral signal at each single point [2].

To deal with this ambiguity, our vision system adopts spatial mechanisms and normalising 

behaviours. An important debate that is ongoing concerns how normalisation is performed by 

our vision system and whether it is based on global or spatial/local mechanisms [3]. In this 

paper, both these mechanisms are considered in the experiments presented. The basic goal of 

colour normalisation and spatial computation is to lower the effects of changes in light spectral 

composition and geometric distribution in the scene. Thus, interrelationships among colour 

signals appear to be more important than their absolute values.

Colour Perception Process in Context

CMFs have been proposed that consider colour as an isolated stimulus. Given that the spatial 

distribution of cones in the human retina varies greatly among different subjects [4], we would 

expect a corresponding difference in a subjective colour perception, but this has not been 

noticed. Observers with indistinguishable normal colour vision were shown to have very differ-

ent numbers of long-wave and middle-wave cones. The ratio of long vs medium wave lengths 

cones can differ by more than 40% among different subjects without causing signifi cant differ-

ences in colour perception and discrimination [4]. This suggests that some mechanisms operate 

to compensate for this variability, as suggested by many studies on visual perception [5-9].

A second element that underlines the role of compensation mechanisms in colour perception 

is the evidence that spectral sensitivities of the cones are very different from colorimetric 

CMFs. Cone sensitivities are highly overlapped and uneven [1]. The kind of colour triplets that 

can be synthesised in this way results in colours that have a poor contrast [10]; the maximum 

signal-to-noise ratio obtainable is about 2 and results in low colour saturation. However, this 

does not correspond to our everyday visual experiences when looking at scenes.

It is important to understand how the interaction of the spectral integration of cones (or 

CMFs) with colour normalisation or spatial computation results in perceptual robustness. 

Seen from another point of view, this study addresses the following question: how can colour 

normalisation (or spatial colour computation) decrease the effect of CMF variations on the 

fi nal colour appearance? To answer this question, an experimental setup was devised to test 

the relationships between tristimulus triplets obtained using different CMFs and the change 

of these relationships when normalisation or spatial colour correction is applied. It was not 

the intention of the study to consider or compare different CMFs, or colour normalisation 

methods.

Testing Robustness

To test the robustness of tristimulus values against variation in the spectral integration curves, 

a multispectral image was synthetically generated to mimic the spectral light distribution 

of a real scene. Two scenes were computed with different light sources using a spectral ray 

tracer, which is a program that is able to reproduce the dispersion of light rays in a simulated 
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environment. Then a set of different CMFs were applied in order to generate triplets of stimuli 

for each point, in the same way as our vision system (or an electronic device) obtains a colour 

signal at each point. Thus, the triplet differences through the various CMFs were compared 

with and without colour normalisation or spatial colour computation methods. This is 

described below and a fuller discussion of the theory behind the work has been published 

elsewhere [11,12].

Multispectral Image Generation

This study employed a synthetic scene, similar to the Cornell box [13,14], which contained 

a simplifi ed Macbeth-like colour checker, with the same colour patches as the original. To 

simplify its geometrical description this was characterised by the same refl ectances, but 

without the grey background separation.

Two sets of illuminants were selected: the 

fi rst consisted of two D65 light sources, while 

the second comprising of one A and one C 

illuminant (subsequently referred to in this 

paper as A/C). In both cases the positions of 

the sources were the same: one in the centre 

of the ceiling and one in the top left corner, 

pointing to the opposite corner. In Figure 1, 

false colours demonstrate an indication of 

the luminance values of the scene.

To generate the synthetic images (608 

× 608 pixels) we used the photometric ray 

tracer, developed by Rossi et al. mentioned 

above [15]. This sampled spectral luminance 

values in 80 frequency steps ranging from 

380 to 775 nm at increments of 5 nm for each pixel. A global illumination algorithm was 

adopted to compute the interaction between spectral light distributions and surface refl ectances, 

generating a spectral luminance distribution for each pixel.

Image Computation Pipeline

This approach to colour rendition was organised in the following sequence. To use the 

multispectral values to determine the corresponding tristimulus values, each pixel of the 

multispectral image was converted using spectral integration curves. Due to the intensity of 

the chosen light sources (Figure 1), the computer graphic method generated a high-dynamic-

range (HDR) spectral luminance distribution. By applying different CMFs, the multispectral 

image was converted into a set of HDR RGB images. The last stage in the sequence was the 

application of a tone-mapping operator that converted the HDR image to the available dynamic 

range of the output device (a monitor).

Colour Matching Functions Chosen

Three different CMFs were analysed:

1. CIE RGB 1931 curves [16]

2. The CMFs proposed by Stiles and Burch [17]

3. A set of curves defi ned by Thornton [18].

Figure 1  Luminance values in false colour of the 
synthetically generated multispectral image of a Cornell 
box with a Macbeth-like colour checker
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The CIE RGB 1931 curves were chosen because they are the most used standard for RGB 

conversion. Stiles and Burch’s curves are of interest because they contribute to the standard 

10° CIE 1964 observer [19]. Thornton’s CMFs were relevant to this study because they are 

a recent, highly debated example of a method of improving CMFs. A useful property of the 

chosen CMFs is that they produce RGB-like tristimulus values. Thus they can be used to 

compare and visualise differences between tristimulus values without the need for any further 

transformation. In Figure 2 the shape of the three sets of CMFs is presented.

Figure 2  CMFs tested in the current study

Final Colour Processing

At the end of the image generating sequence two sets of results were generated (one for 

each illuminant confi guration, D65 and A/C) for three different HDR RGB images (one for 

each CMF). These six images have been mapped into standard 8-bit RGB values using three 

different processing methods:

1. No normalisation or spatial computation

2. A global colour normalisation

3. A global and local spatial computation.

The global colour normalisation method was based on that of von Kries [9], while a retinex 

algorithm [7] was chosen for its characteristic of global and local spatial colour correction. There 

are many variants of the retinex model and multiple implementations [20]. In this instance, an 

original Land and McCann version was used with reset and Brownian path approximation by 

saccadic-like (i.e. related to the fast movement of the eye) steps, to compute ratios [21].

Methods 2 and 3 were subjected to a normalised output. In order to make comparisons 

possible, in method 1, in which no colour correction was performed, the triplets of unclamped 

fl oating point values were normalised with a simple logarithmic mapping into the same 8-bit 

range.

Logarithmic outputs were chosen, following the Weber-Fechner law. This choice was not 

critical, as a previous experiment with linear scaling reported similar results [22]. This was 

possible since no judgements on the colorimetric results or on the normalisation algorithms 

were performed in this experiment, as described in the next subsection.

Test Measures Goal

The objective was to test the robustness of the fi nal colours against changes in the integration 

curve for each of the fi nal mapping methods. More precisely, it was important to check how 

triplet differences, induced by modifying the CMFs, changed within each fi nal processing 

result. To this end, for each of the two sets of images (illuminants D65 and A/C), the tristimulus 
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values of the resulting low dynamic range (LDR) images, measured separately within each 

mapping method, were measured. No comparison between mapping methods, no single colour 

judgement and no comparison between CMFs were made. Figure 3 shows the test setup.
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Figure 3  Experimental plan

As a measure of the difference between tristimulus values, we used ΔE in CIELAB space, 

computed considering each triplet as a point in the standard sRGB space, used in this case 

as a common conversion space. No colorimetric judgement was attempted and, since the 

purpose was to investigate the relationships between tristimulus values, this same computation 

was performed identically for all the images. To obtain only one number per image, ΔE was 

computed as the average distance of each corresponding pixel between two images. Separate 

measures for each colour-checker patch were taken, basically confi rming the averaged data 

trend, published elsewhere [11,12,22].

Test Results

Figure 4 summarises the test results in a single diagram showing relationships, averaged over a 

whole image, between the three CMF pairs, for the two images under D65 and A/C illuminants. 

As the intention is to discuss the experiment in qualitative terms, only the overall results are 

presented; detailed data can be found elsewhere [11,12,22].
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Figure 4  Overall test results showing relationships between the three CMF pairs
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The principal evidence, shown in Figure 4, is that the logarithmic mapping, based on single 

pixels, exhibits a considerably higher differences with the two colour-in-context correction 

methods.

This difference was clearly visible in the resulting images [11], with the ΔE measures 

produced giving a quantitative idea of the size. It is important to emphasise that ΔE values 

cannot be interpreted as a classic chromatic difference, since they represent only differences 

between the CMFs, measured in a common RGB space that has no colorimetric meaning for the 

data considered. In fact, it is worth restating that the purpose of this study was not to compare 

the effectiveness of the methods nor of the CMFs to recreate a colour or its appearance.

These results show that colour normalisation or spatial colour corrections reduce differences 

between tristimulus values obtained using different spectral integration curves. This results 

in an increased robustness of the colour vision system in relation to changes in CMFs or cone 

sensitivities.

From another point of view, it is also evident that CMFs still play a role since the difference 

never reached zero.

Concluding Remarks

In everyday life we rarely observe colours isolated from their context, and the effects of the 

scene on colour appearance are well known and have been extensively studied. This is not 

considered in classical colorimetry that deals with colour in aperture mode, which is a colour 

that is observed through a hole, separated from any effect of the context in which it occurs.

Context plays an important role in everyday vision, yet context varies considerably, but 

in a complex and unpredictable way. The human vision system has developed a certain 

degree of robustness to deal with these changes. This robustness is not characteristic of a 

colour-measuring device that, on the contrary, has the need to keep the context stable and 

controlled.

In response to the question posed in the introduction, the rationale beyond all the existing 

CMFs, it is suggested that the concept of robustness is adopted as a key word by which we can 

analyse the performance of our vision system.

This article describes a preliminary test. Further investigations are required for a more 

general comprehension of the robustness of spectral integration in our vision system. However, 

results suggest that the mechanisms (and their robustness) of our vision system are strongly 

interconnected and can be analysed from the point of view of each one of the parts of which 

they are composed. The fi nal perception is the interaction of all its components and not just 

the sum or their juxtapositions.

In other words, colour in context can be better explored if considered in its entire framework. 

If all the components are dissected and studied separately, and then reconstructed, this would 

result in a sort of a Frankenstein’s creature. Context is not just something that changes colour 

appearance, but is the fundamental information through which colour is robustly extracted.

References

  1. G Wyszecki and W S Styles, Color Science: Concepts and Methods, Quantitative Data and Formulae (New 
York: John Wiley & Sons, 1982).

  2. J J McCann, S P McKee and T H Taylor, Vision Res., 16 (1976) 445–458.



Rizzi Colour: Design & Creativity (3) (2008): 5, 1–7

© 2008 Authors. Journal compilation © 2008 Society of Dyers and Colourists 7

  3. A Rizzi and J J McCann, Proc. IS&T/SPIE Electronic Imaging, San José, CA (2007).

  4. H Hofer, J Carroll, J Neitz, M Neitz and D R Williams, J. Neurosci., 25 (42) (2005) 9669–9679.

  5. J Albers, Interaction of Colors (New Haven, CT: Yale University Press, 1963).

  6. S Zeki, A Vision of the Brain (Oxford: Blackwell Scientifi c, 1993).

  7. E Land and J J McCann, J. Opt. Soc. Amer., 61 (1971) 1–11.

  8. G Buchsbaum, J. Franklin Inst., 310 (1) (1980) 1–26.

  9. J von Kries in Sources of Color Science, Ed. D L Mac Adam (Cambridge, MA: MIT Press, 1971) 109–119.

10. E Land, Sci. Amer., 237 (6) (Dec 1977) 108–128.

11. A Rizzi, D Gadia and D Marini, J. Electronic Imaging, 15 (2006) 041202.

12. A Rizzi, D Gadia, D Marini, M R Antognazza, S Perissinotto and G Lanzani, Proc. IS&T/SPIE Electronic 
Imaging, San José, CA (Jan 2008).

13. C M Goral, K E Torrance and D P Greenberg, Computer Graphics (Proc. SIGGRAPH 84), 18 (3) (1984) 
213–222.

14. The Cornell Box. http://www.graphics.cornell.edu/online/box/

15. M Rossi, D Marini and A Rizzi, J. Cultural Heritage, 5 (3) (2004) 291–300.

16. CIE Proceedings 1931 (Cambridge: Cambridge University Press, 1932).

17. W S Stiles and J M Burch, Optica Acta, 6 (1959) 1–26.

18. W A Thornton, Col. Res. Appl., 17 (1992) 79–122; 17 (1992) 162–186; 17 (1992) 240–262; 22 (3) (1997) 
189–198; (with H S Fariman) 23 (2) (1998) 92–103; 23 (4) (1998) 226–233.

19. CIE Proceedings 1963 (Vienna Session), Committee Report E-1.4.1, B (1964) 209–220.

20. E Provenzi, L De Carli, A Rizzi, D. Marini, J. Opt. Soc. Amer. A, 22 (12) (2005) 2613–2621.

21. D Gadia, D Marini and A Rizzi, Proc. CGIV04, IS&T 2nd European Conf. on Colour in Graphics, Imaging 
and Vision (2004) 326–331.

22. A Rizzi, D Gadia and D Marini, Electronic Imaging (SPIE International Technical Group Newsletter), 15 (1) 
(2004) 6–9.



<<
  /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
  /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 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 0.15
    /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 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 0.15
    /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


