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COLOR

The figures in this handout are taken fromFoundations of Vision by Brian Wandell,Color in Electronic
Displays by Heino Widdel and David Post,Digital Image Processing by William Pratt, andFundamentals
of Digital Image Processing by Anil Jain.
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Algebraic formulation of color
Suppose we have some arbitrary lightC(λ). We consider thatλ is sampled e.g., 380–780 nm sampled at
2 nm intervals, so we get 201 numbers, or 400–700 nm sampled at10 nm intervals, so 31 numbers. We
can represent C as
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So we can write this as:

c = c1e1 + c2e2 + . . . + cnen

where theei are the spectral (prism) colors:
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Now we have some primaries. Call themP1, P2, P3. Each of these is itself a column vector of lengthn.
With these primaries, we use the color matching setup to match the spectral colors.

m1iP1 + m2iP2 + m3iP3 ↔ ei

The symbol↔ means “visual match.” It is supposed to be used for two columnvectors, and means that
the two spectral distributions over wavelengths of visiblelight look the same to the human visual system.
This equation can be written also as







| | |
P1 P2 P3

| | |
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or we can write it in shorthand asPMi ↔ ei

whereP is then × 3 matrix made up of the 3 column vectors of the primaries:

P =







| | |
P1 P2 P3

| | |







After this matching is done for all spectral colors, you get

PM ↔ I

This last equation is something of an abuse of the↔ notation. When the symbol is used for matrices,
we mean that the jth column on the left is a visual match for thejth column on the right.PM ↔ I is
shorthand for:







| | |
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| | |
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The COLOR MATCHING FUNCTIONS are the rows of the color matching system matrixM :
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Then for any color

c = c1e1 + c2e2 + . . . + cnen

using the axioms of “homogeneity” and additivity, we have

PMc ↔ c

If we denoteMc = mc then we have

Pmc ↔ c

This means that with three primaries, we can match any color.
Why should 3 primaries let you match any color? Because thereare 3 basic types of cones in the retina.
They have different absorption characteristics as a function of wavelength:
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So one can write the neural response asr = Rc where this is shorthand for







r1

r2

r3
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Two colorscA andcB match if
r = RcA = RcB ⇔ cA ↔ cB

R(cA − cB) = 0

or cA − cB is in the nullspace ofR then colors match.

c ↔







| | |
P1 P2 P3

| | |













mc1

mc2

mc3






= Pmc

Sincec matchesPmc, we have

R(c − Pmc) = 0 ⇒ Rc = RPmc ⇒ mc = (RP )−1Rc

mc is 3 × 1
(RP )−1 is 3 × 3
R is 3 × n

c is n × 1

Apply this to spectral colorei

SincePMi ↔ ei thereforeMi = (RP )−1Rei

Do this for all theei and we get

M = (RP )−1RI = (RP )−1R

(RP )−1 is a3 × 3 linear transformation.
So this means that the color matching functions are within a linear transformation of our receptor re-
sponses.
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Matching a color on our monitor:

We see some colorc and wish to reproduce this on our monitor. The neural repsonse that we wish to
replicate isr = Rc. Let

D =







| | |
D1 D2 D3

| | |







be the spectral power distribution of the phosphors of our display.

g = [g1g2g3]
t

are the gun intensities. Then the neural response is

r =
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r2

r3





 =
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| | |
D1 D2 D3

| | |





 g

We choose g to match that light:

RDg = Rc

g = (RD)−1Rc

0 ≤ g ≤ Max

constrains the colors that you can actually match.
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