Page1 CS348B Lecture 8Pat HanrahanBasic OpticsFour Models:1.Geometric optics2.Scalar wave theory2.Physical optics

Pat HanrahanOverviewA.Generation of lightB.Interaction of light with matterC.DisplayD.Sensing and perceptionE.Computer representations and calculations

Page2 CS348B Lecture 8Pat HanrahanSpectral Representations1. Procedural representationsBlackbody spectraRayleigh scatteringReflection from thin films (oil spills)2. Spectrophotometric measurementsMeasure spectra every 1, 5, 10, ... nm3. Spectral approximations

Pat HanrahanSpectral DatabasesnKrinov Data350 natural objectsAvailable onlinenMunsell Book of ColorCovers color gamutPaint mixturesnMacbeth Color Chart

Photographic reproduction

�Important, not Representative� colors

Page3 CS348B Lecture 8Pat HanrahanLight SensorSpectral Sensitivity CurveSpectral Sensitivity Curve

R= R(λ )S(λ )dλ λ ∫ CS348B Lecture 8Pat HanrahanGrassman�s LawsColor matching is linear 1. Scaling the color and the primaries by the same factor

preserves the match2. To match the sum of two colors, sum the primaries=> To match a spectra, match each pure color and sum

Page 4

CS348B Lecture 8Pat HanrahanWhat�s Wrong with RGB?DisplaynRelative vs. absolute gamut\nGamma correction/Tone reproductionn

White point

Physics n Approximate spectrum n

Multiplying approximation not the same as

multiplying spectra

CS348B Lecture 8Pat HanrahanFull Spectral CalculationsHall, Cook1. How many samples?2. Where?ReflectanceSpectra

RenderingSystemLightSpectraPixel SpectraPixelRGB

Page 5

CS348B Lecture 8Pat HanrahanSpectral Basis FunctionsObserve: Moon experiment implies smooth reflectionsBox functionsHallTwo cubic splinesRaso-FournierPrincipal components analysis:

Find m best vectors give n colors

Eigenvectors of database

Cohen �64: Munsell colors highly correlated

Maloney, Parkkinen: Munsell colors 6-8 parameters Peercy: Principal components analysis of R*L

CS348B Lecture 8Pat HanrahanSpectral Quadrature RulesMost resulting spectra are smoothGaussian quadrature for trichromatic basis functionsFind best wavelengths and weightsMeyer �86A C1 C2 coordinate system by PCA of Conesn

Macbeth colors have low average error w/ 4 n A C1 C2 better than XYZ better than Cones

Page 6

CS348B Lecture 8Pat HanrahanProduct of Basis Functions1. Approximate spectra with orthonormal bases2. Multiply spectra3. Project onto basis functions

S(λ ) = siBi( i=1n∑ λ ) si = S(λ )Bi(λ )dλ

λ∫′S (λ ) = R(λ )S(λ )

′si = rijsj

rij = R(λ )Bi(λ )Bj(λ )dλ λ∫