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Illusion 1



Illusion 2



Illusion 3



Illusion 4



Illusion 4: the proof



Another interesting phenomenon





Fourier Series
Any periodic and integrable function f(x) in [-pi,pi] can 
be approximated with a series

where

f(x) ∼ a0 +
∞∑

i=1

(an cos(nx) + bn sin(nx))

a0 =
1

2π

∫ π

π

f(x)dx,

an =
1

2π

∫ π

π

f(x) cos(nx)dx, 1 ≤ n,

bn =
1

2π

∫ π

π

f(x) sin(nx)dx, 1 ≤ n.



Fourier series
• In some sense the function is analyzed in “function 

coordinates”  that happen to be cosines and sines.

Note:
• It is an orthogonal basis∫

π

−π

cos(nx) sin(mx)dx = 0, for m != n.



Spatial domain     Frequency domain
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Example





















(0,1,1)  = (1,1,1) – (1,0,0) 

(1,0,1)  = (1,1,1) – (0,1,0) 

(1,1,0)  = (1,1,1) – (0,0,1) 





What are the rgb coordinates of the 
pure spectral colors?

Perception of color is largely a result of a 
psycho-physical process. 

The question can only be answered 
experimentally.

This was done long time ago through an 
experiment of “Color Matching”.





Matching functions
Weight functions, not spectrums.

Given a spectrum I(λ), we can use this 
functions to compute its color:

I(λ)

λ

λ

fi :i = r,g,b



Problem

Negative coefficients

This will happen with any choice of visible primaries.

Adding colors creates a less saturated color.

Solution: affine transformation of (r,g,b)





The RGB cube in XYZ







From XYZ to (x,y,Y)

From (x,y,Y) to XYZ 

Working in XYZ









RGB vs CMY
 RGB     CMY





Affine transformation







Equivalent colors between monitors 
(color conversion)

Monitor 1 has phosphors with colors:
R1 = (X1

r,Y1
r,Z1

r) 
G1 = (X1

g,Y1
g,Z1

g)
B1 = (X1

b,Y1
b,Z1

b) 

Monitor 2 has phosphors with colors :
R2 = (X2

r,Y2
r,Z2

r) 
G2 = (X2

g,Y2
g,Z2

g)
B2 = (X2

b,Y2
b,Z2

b) 

Given color C1= (R1
c,G1

c,B1
c)  in monitor 1 what is the 

equivalent color C2  = (R2
c,G2

c,B2
c) in monitor 2 ?



Color in monitor one
Given color C1= (R1

c,G1
c,B1

c)  in monitor one 
its coordinates C =(Xc,Yc,Zc) in XYZ-space 
are:



Equivalent color in monitor 2
Similarly for monitor 2:
C=M2C2

Putting both together: 









Visualization of the HSV


