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Definitions

Colors or pseudo-colors

Human beings are quite sensitive to colors

The image processing algorithms are the same, but they need to be
adapted
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Color Spectrum
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Color Spectrum
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The Human Eye

The retina:
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Cones and Rods

Cones: (S, M, L) 5 milhões

normal levels of light,
allow the perception of
light
localized in the center of
the retina (details)

Rods – 100 millions

perifery
low levels of light
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Color Perception

As cores dos objetos estão relacionadas às caracteŕısticas dos corpos

Corpos “verdes” refletem apenas luz com comprimento de onda entre
500-570 nm

Se a luz for acromática, o seu único atributo é a intensidade (TVs
preto e branco)
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Color Perception

Achromatic light:

Radiance – total energy emmited by the light source (Watts - W)

Luminance – quantity of energy perceived by the observer (lumens
lm)

Brightness – subjective descriptor related to the intensity. It is one of
the key factors used to decribe color

Mylène Farias (ENE-UnB) IP 10 de Abril de 2017 12 / 1



Color Perception

Cones e Rods:

65% red
33% green
2% blue

Primary colors (RGB)

CIE (Comission
Internationale de l’Eclairage)

Blue: 435,8 nm
Red: 700 nm
Green: 546,1
Low levels of light
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Color Perception

Distinction between colors:

Brightness – cromatic intensity

Hue
main wavelength
color perceived

Saturation
light purity
quantity of white light

Saturation + Hue = Cromaticity
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3 color matching
functions, which can be
extended as being
spectral sensitivity curves
of the 3 light detectors
that generate the X, Y,
and Z values of the
tri-stimulus CIE XYZ.

Mylène Farias (ENE-UnB) IP 10 de Abril de 2017 17 / 1





Color Perception

Tri-stimulus:

x =
X

X + Y + Z

y =
Y

X + Y + Z

z =
Z

X + Y + Z

onde:
x + y + z = 1
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1931: CIE defined 3 primary colors (X,Y,Z)
derivated from red, green, and blue

X =

∫
E (λ)x̄(λ)dλ

Y =

∫
E (λ)ȳ(λ)dλ

Z =

∫
E (λ)z̄(λ)dλ
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Color Space

RGB (red, green, blue)

cameras and monitors

CMY (cyan, magenta, yellow)

printers

CMYK (cyan, magenta, yellow, black)

printers

HSO (hue, saturation, intensity)

perceptive model
decouples the intensity – used by black-and-white dispositives
(grayscale intensities)
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RGB
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RGB
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RGB

24 bits – 8× 3 (full color) (R,G,B)
number of colors = (28)3 = 16 777 216
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RGB
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RGB
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RGB
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CMY e CMYK

CMY: Primary colors for
pigments (ink)CM

Y

 =

1
1
1

−
RG
B


CMYK: black is added to
avoid the faded aspect of a
printed black
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HSI Model

Closer to how we perceive color

Hue, saturation, intensity

production and reproduction of color

Analysis – HSI and similar color spaces ...

Decoupling the intensity component

grayscale intensities
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From RGB to HSI

H =

{
θ, se B ≤ G

360− θ, se B > G

θ = cos−1
1
2 [(R − G ) + (R − B)]

[(R − G )2 + (R − B)(G − B)]1/2

S = 1− 3

(R + G + B)
min(R,G ,B)

I =
1

3
(R + G + B)
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From HSI to RGB

RG Sector (0◦ ≤ H ≤ 120◦)

B = I (1− S)

R = I

[
1 +

S cosH

cos(60◦ − H)

]
G = 3I − (R + B)

BR Sector (240◦ ≤ H ≤ 360◦)

H = H − 240◦

G = I (1− S)

B = I

[
1 +

S cosH

cos(60◦ − H)

]
R = 3I − (G + B)

GB Sector (120◦ ≤ H ≤ 240◦)

H = H − 120◦

R = I (1− S)

G = I

[
1 +

S cosH

cos(60◦ − H)

]
B = 3I − (G + B)
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Color Processing

Pseudo-colors = false colors

Human visualization (raio x @ airport)

Color slicing

Transforming intensity images to color images
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Color Processing

Blue: Hard materials. Metals (blue/black), har plastic materials,
alloys, etc. Ex.: guns and knives appear as a mixture of blue and
black. The same for wires, batteries, etc.
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Color Processing

Orange: Biologic material. Everything that is natural and some other
things. Rubber, leather, food, dynamite and other explosives (except
for plastic, liquids, gels and organic powders.
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Color Processing

Green: Plastic and alloys for which the density is not so high that
make them appear as blue or black. Ceramic (dense) – otherwise it
will appear as orange.
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Pseudo-Colors Processing
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Pseudo-Colors Processing

f (x , y) ∈ Vk −→ f (x , y) = ck
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Transformations: Color Intensities
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Combining Images
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Color Processing

g(x , y) = T [f (x , y)]
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Color Processing

Exampe of a transformation:

g(x , y) = k · f (x , y)

HSI

i(x , y) = s3(x , y) = k · r3(x , y)

h(x , y) = s1(x , y) = r1(x , y)

s(x , y) = s2(x , y) = r2(x , y)
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Color Processing

Exampe of a transformation:

g(x , y) = k · f (x , y)

RGB

r(x , y) = s1(x , y) = k · r1(x , y)

g(x , y) = s2(x , y) = k · r2(x , y)

b(x , y) = s3(x , y) = k · r3(x , y)
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Color Processing

Exampe of a transformation:

g(x , y) = k · f (x , y)

CMY

c(x , y) = s1(x , y) = k · r1(x , y) + (1− k)

m(x , y) = s2(x , y) = k · r2(x , y) + (1− k)

y(x , y) = s3(x , y) = k · r3(x , y) + (1− k)
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Color Circle
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Fatiamento de Cores

Separation of Objects in a scene

The colors must be clearly separated from the background
The color region is used as a mask

si =

{
0, 5 se

[
|rj − aj | > W

2

]
1≤j≤n ,

ri , otherwise

si =

{
0, 5 se

∑n
j=1 (rj − aj)

2 > R2
0 ,

ri , otherwise

i = 1, 2, . . . , n.
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Color and Hue Correction

Color Models that are indenpendent of the dispositives

Scanner, display, printer, etc.
Color profiles
Color System – CIE L*a*b* or CIELAB

L∗ = 116 · h
(

Y

YW

)
− 16

a∗ = 500

[
h

(
X

XW

)
− h

(
Y

YW

)]
b∗ = 200

[
h

(
X

XW

)
− h

(
Z

ZW

)]
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CIELAB

Xw, Yw and Zw the reference white values (CIE standard D65)

Color metrics, perceptually uniform, independent of the dispositive
Represents all visible spectrum

L∗ = 116 · h
(

Y

YW

)
− 16

a∗ = 500

[
h

(
X

XW

)
− h

(
Y

YW

)]
b∗ = 200

[
h

(
X

XW

)
− h

(
Z

ZW

)]

h(q) =

{
3
√
q, q > 0, 008856

7, 787q + 16/116, q ≤ 0, 008856
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Equalization of Color Histograms

Similar to what was presented in CHapter 3

But, the colors cannot be independently processed

Artifacts (defects): False colors

Hue must be preserved
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Smoothing

Consider the neighborhood Sxy

x̄(x , y) =
1

k

∑
(x ,y)∈Sx,y

c(x , y)

x̄(x , y) =


1
K

∑
(x ,y)∈Sx,y R(x , y)

1
K

∑
(x ,y)∈Sx,y G (x , y)

1
K

∑
(x ,y)∈Sx,y B(x , y)


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Smoothing with a 5× 5 spatial mask
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Sharpening

∇2[c(x , y)] =


∇2[R(x , y)]

∇2[G (x , y)]

∇2[B(x , y)]


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RGB Segmentation

D(z , a)
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RGB Segmentation

D(z , a) = ‖z − a‖

=
[
(z − a)T (z − a)

] 1
2

=
[
(zR − aR)2 + (zG − aB)2 + (zB − aB)2

] 1
2
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RGB Segmentation

D(z , a) =
[
(z − a)TC−1(z − a)

] 1
2
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RGB Segmentation

D(z , a) ≤ D0
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σR standard deviation of the red
component.

Dimensions of the cube in the R
component:

(aR − 1, 25σR) a (aR + 1, 25σR)

original and segmentation mask





Decomposing Color Images
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Decomposing Color Images
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Di Zenzo, 1986

u =
∂R

∂x
r +

∂G

∂x
g +

∂B

∂x
b

v =
∂R

∂y
r +

∂G

∂y
g +

∂B

∂y
b

gxx = u · u =

∣∣∣∣∂R∂x
∣∣∣∣2 +

∣∣∣∣∂G∂x
∣∣∣∣2 +

∣∣∣∣∂B∂x
∣∣∣∣2

gyy = v · v =

∣∣∣∣∂R∂y
∣∣∣∣2 +

∣∣∣∣∂G∂y
∣∣∣∣2 +

∣∣∣∣∂B∂y
∣∣∣∣2

gxy = u · v =
∂R

∂x

∂R

∂y
+
∂G

∂x

∂G

∂y
+
∂B

∂x

∂B

∂y
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Di Zenzo, 1986

Direction with a maximum rate of variation:

θ =
1

2
tan−1

[
2gxy

(gxx − gyy )

]
Velue of the maximum rate of variation in (x , y) in the direction:

F (θ) =

{
1

2
[(gxx + gyy ) + (gxx − gyy ) cos 2θ + 2gxy sin 2θ]

} 1
2

F (θ) = F (θ + π)
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Noise in Color Images

The same models are valid

But, the different color components can be affected in a non-uniform
way

CCD sensors are sensitive to noises in low levels of light
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Noise in Color Images

The same models are valid

But, the different color components can be affected in a non-uniform
way

CCD sensors are sensitive to noises in low levels of light
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