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1. Introduction  
 

In previous works1,2 a theoretical model of the colour perception process is proposed. This 
model suggests a generalization of the trichromatic equation in the detection space D3 (space spanned 
by the color-matching functions, ei(λ), of the considered observer). In this way, the colour perception 
process can be interpreted and formalized in this three-dimensional space, which depends on the 
characteristics of the considered observer. This theoretical model describes the perception of colour, 
but it does not explain the thresholds (colour, chromaticity, hue, purity, …) experimentally found in 
colour vision: an observer will have an arbitrary ability to distinguish any two colour stimuli. As it is 
well known an observer can’t distinguish two colour stimuli which are close enough. In this way, it 
becomes necessary to obtain an adequate theoretical tool in order to explain thresholds in colour 
perception. It can be done by  adding to the previous model the notion of statistical fluctuations in a 
probability the space. 

 
 Any detection process can be explained by analysing the interaction between the detected 
“object” and the detector. In colour vision, this interaction is produced between the photoreceptors, 
whose spectral sensitivity is characterized by the colour-matching functions, and the photons 
contained in a given spectral power distribution ρ(λ). In this way, the tristimulus value Xi can be 
interpreted as the signal provided by the i-th detector when interacting with ρ(λ). It is well known that 
the matter-radiation interaction has a probabilistic nature. This fact will allow us to define the 
probability pi that the i-th detector (fundamental mechanism) “sees” the spectral power distribution 
ρ(λ). This probability is proportional to the signal Xi provided by the detector. By characterizing the 
spectral power distribution in the detection space D3 by the associated fundamental metamer nD(λ)1,2, 
this probability can be defined as 
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where )}(),(),({ 321 λλλ oooo
e eeeB =  is the orthonormal base obtained from the colour-matching 

functions of the visual system referred to a new system of primary stimuli o
iu  in such a way that o

iX  
are the tristimulus values expressed in this system 
  Probabilities (1) are associated to the interaction between the colour-matching functions and a 
spectral distribution ρ(λ), i.e., each possible colour stimulus has associated its corresponding set of 
probabilities pi. In this way, it is possible to represent each colour evoked by an observer in a three-
dimensional probability space P3 by a point (“state”) p =(p1, p2, p3) instead to do it in the 
representation system (tristimulus values). In general, probabilities only can be obtained by infinitely 
repeating an experiment (in our case, to infinitely repeat the interaction of  ρ(λ) with the visual 
system). If we perform a probabilistic experiment a finite number N of trials, the frequencies of 
occurrence ξ =( ξ1, ξ2, ξ3) are an approximation to the true probabilities p . It can be demonstrated1 
that the interaction of a photon with the fundamental mechanisms obeys to the generalized Bernoulli 
scheme. In this situation, the occurrence frequencies ξ  in N trials are distributed according to a 
multinomial distribution. If N is large enough this distribution can be approximated by a Gaussian 
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distribution ),;( σξφ p , σ  =( σ1, σ2, σ3) being the variances associated with the average values 
p  of the statistical populations, i.e., σi is the uncertainty in the determination of probability pi. 

 In the probability space P3 two colour stimuli 1p  and 2p  have associated the corresponding 
distributions φ1 and φ2. The distance between these distributions is given by the statistical fluctuations3 
(variances), in such a way that two states 1p  and 2p  are distinguishable between them if  condition 
of distinguishability 
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is satisfied4,5. From this, the statistical distance between two points in the probability space is defined 
by counting the number of distinguishable states between both points. By introducing a modification 
of the statistical distance proposed by Wooters4,5, we obtain the generalized statistical distance1 
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When probabilities (1) are introduced in this expression we obtain a metric tensor which allows the 
measurement of small differences in the colour representation system. By integrating these metric 
over the geodesic lines in the it is possible to determinate large differences of colour. Metric tensor (3) 
has been used in order to study the chromaticity thresholds, and we have also determined the curves 
of wavelength and purity discrimination thresholds1. The results obtained are in good agreement with 
the experimental measurements. The most remarkable characteristics of metric tensor (3) is that it 
depends on the set of the considered colour-matching functions. 

 
 
References 
1. J.M. Zoido, “Distancia estadística generalizada. La métrica del color” (PhD Thesis, UCM, 1997). 
2. J.M. Zoido, F. Carreño, and E. Bernabeu, “A theory on color perception”, in Proceedings of the 
AIC2004 Color+Paints International Interim Meeting (AIC, Porto Alegre, Brasil 3-5 November 
2004). 
3. P.C. Mahalanobis, “On the generalized distance in statistics”, Proc. Nat. Inst. Sc. Ind. 2, 49 (1936). 
4. W.K. Wootters, “The acquisition of information from quantum measurements” (PhD Thesis, 
University of Texas at Austin, 1980). 
5. W.K. Wootters, “Statistical distance and Hilbert space”, Phys. Rev. D 23, 357 (1981). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


