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The Mathematics of Colors



Primary Colors

Blue Red Yellow

Why do we call them that?
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“Recipe” for the Secondary Colors

+ 1/2‘

1/2 —
Blue Red Violet
1/2 — ‘
Blue Yellow Green
1/2 —

Red Yellow Orange



Recipe of the Purple Color




Recipe of the Purple Color

Blue Violet

Violet

(1/2‘+1/2‘)+1/2‘ ‘

Blue Blue Purple




Recipe of the Purple Color

1/2 ‘ 3= 12 ‘)+ 1/2‘

Blue Blue Purple
9+ 0+@-0
Blue Blue Purple
-0+@® -0

Blue Purple

-@+@+ -0

Blue Yellow Purple



Recipes of the Tertiary Colors
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Rueda de R.J.B.
Mérimée, 1830*
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Color wheel - Wikipedia
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https://en.wikipedia.org/wiki/Color_wheel

Primary Colors of the Light

Green Blue

Red

RGB

They are used in the computer screens, TVs, and movie screens

RGB color model - Wikipedia


https://en.wikipedia.org/wiki/RGB_color_model

Creating colors with RGB
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Creating colors with RGB
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Creating colors with RGB
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Yellow Blue Brown
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Creating colors with RGB
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Creating colors in the Computer

900

Green Blue

a, b, c are numbers
that can only use
1 byte = 8 bits




Creating colors in the Computer

0+ 0+®

Green Blue
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a, b, c are integer numbers from 0 to 255

@+ 0+ @

Green Blue Black

255 ‘ == 255 ‘+255.

Red Green Blue White




Creating colors in the Computer
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How many colors are in a computer?

256 X 256 x 256=16.777.216



Points in the Plane and Vectors




Coordinate Systems
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(%) S E(1’1)

(1.0
1 (1,0) + 1 (0,1) = (1,1)

1(1,1) + 0 (1,-1) = (1,1)



Vector Operations

Let u and v be vectors in R", that is, u = (u1, U2, ..., u,) and v = (v, V2, ..., V).

The sum of ©v and v is a vector obtained by adding the corresponding com-

onents:
P (1,1)

u+v=(ur +v1,Us+ Vg, ..., U, + V). (0, 1)

'’ 2 (1,%)

Example: (0,2)+ (1,3) = (1,1)

The product of a real number k& times a vector wu, is a vector obtained by
multiplying each component of u by k:

ku = (kuy, kus, .., kuy,) (1.1)

Example: 1(1,1) = (3, 3)

N




Properties of Vectors

For vectors u, v, w € R™ and scalar k£, k¥’ € R we have that

. (u+v)+w=u+ (v+ w)

2. u+0=u
3. u+ (—u)=0
4. u+v=v+u

N

k(u+v) = ku+ kv
(k+ E'u = ku + K'u
(kk"u = k(K )u

o N o

lu =u



Linear Combination

Definition: A vector v is a linear combination of vectors wy,us,...,u, if
there exist scalars kq, ko, ..., k, such that

U:klul—l-k2U2—|—°"—|-]€nun

2 1 1 1
Ejemplo: 3 |=—411]+7[1]—-160
—4 1 0 0

-0+ +@
Red

Brown Yellow Blue



Linear Combination of Images




Linear Combination of Eigenfaces

S:(xl'@—l—(xz -WM%'@ +f’f4'@+
r:ﬁl'@h{;g'@ +53'@+54'@+

This is used to identify faces.



Inner Product

Definition: Let v and v be vectors in R", that is, u = (u, us, ..., u,) and
v = (v1,v2,...,V,). The inner product of u and v is defined by

UV =ULV] + UQV2 + -+ + UnpUn

The vectors u and v are called orthogonals (or perperdiculars) if their inner
product is zero, that is u - v = 0.

1,1
Example: (1,0)-(0,1) =0, (1,0)-(1,1) =1 (0,1) & O( )

(1,0)



Norms y Distances

Definition: The Fuclidean norm of a vector u = (u1,us,...,u,) is defined
by

lelle = Vu-u=yful +us+ - Fui gLt

®
Examples: [[(1,0)[2 = [[(0,1)]z = 1 y (1, 1)[|> = v2

—

(1,0)
Definition: The Euclidean distance between two vectors u and v is defined
by

d(u,v) = flu—vllz = v/(u1 —v1)? + (ug —v2)2 + -+ + (up — vn)?

Example: d((1,1),(1,0)) = [|(1,1) = (1,0)]l2 = [[(0, 1)][2 = 1



Digital Images




Digital Images
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Matrices

Definition: A matrix is an array of numbers

Examples: A = (

1 2 3
4 5 6

(all ai2
asi

\aml Am?2

a2

) c R2%3 I

aln\

aAon

amn)




Sum of Matrices

Definition: The sum of two matrices of equal size is defined by

(an 12 aln\ (511 b1 - bln\
A B az1 Q22 -+ G2y N bo1  ba2 -+ b2
\aﬂ/;zl a'7;12 " a'n.’z,n ) \57;7,1 br;v,Q " bn:z,n )
/ ai; +b11  ai2+0bi2 - ai, +01n \
az1 +ba1  agx+ba2 - agny + by,

\aml _|_ bml Am?2 _|_ bm2 o Amn _|_ bmn)



Product by a escalar

Definition: The product of a scalar k£ by a matrix A is defined by

/kall kaio --- kaln\
kaai kagy --- kaan
kA =
\kaml kamZ e kamn/
2 3 2 1 1 2 7 7 10
Example: 2|1 2 3| +3|1 1 2| =15 7 12
1 3 4 1 1 2 5 9 14



Linear Combination of Images
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