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Color Fundamentals

In 1666, Sir Isaac Newton

¢ He discovered that when a beam of sunlight
passes through a glass prism, the emerging beam
of light Is consists of a continuous spectrum of
colors ranging from violet to red.
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FIGURE 6.1 Color spectrum seen by passing white light through a prism. (Courtesy of the
General Electric Co., Lamp Business Division.)



Color Fundamentals (cont.)

¢ Basically, humans and some other animals perceive in
an object are determined by the nature of the light
reflected from the object.

¢ Visible light is composed of a relatively narrow band of
frequencies in the electromagnetic spectrum.

¢ For humans, colors are seen as variable combinations
of the primary colors: red, green, and blue.
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FIGURE 6.2 Wavelengths comprising the visible range of the electromagnetic spectrum.
(Courtesy of the General Electric Co., Lamp Business Division.)



'Color Fundamentals (cont.)
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Color Fundamentals (cont.)

¢ For the purpose of standardization, the CIE (the
International Commission on lllumination)
designated in 1931 the following specific
wavelength values to the three primary colors:
Blue=435.8 nm, Green=546.1 nm, and Red=700 nm.

From Fig. 6.2 and 6.3 that no single color may be called
red, green, or blue.

Having three specific primary color wavelengths for the
purpose of standardization does not mean that these
three fixed RGB components acting alone can generate
all spectrum colors.



Color Fundamentals (cont.)

Primary and secondary colors of light and pigments
¢ The primary colors can be added to produce the secondary

colors of light: magenta (R+B), cyan (G+B), yellow (R+G)
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In colorants, a primary color is defined
as one that subtracts or absorbs a
primary color of light and reflects or

transmits the other two.

CYAN

The primary colors of pigments are magenta, cyan, and yellow

FIGURE 6.4 Primary and secondary colors of light and pigments. (Courtesy of the Gen-

eral Electric Co., Lamp Business Division.)



Color Fundamentals (cont.)

The characteristics generally used to distinguish one
color from another are
¢ Brightness embodies the chromatic notion of intensity.

¢ Hue represents dominant color as perceived by an
observer.

¢ Saturation is an attribute associated with the dominant
wavelength in a mixture of light waves.
Saturation refers to the relative purity or the amount of white
light mixed with a hue.
¢ Hue and saturation taken together are called chromaticity,
therefore, a color may be characterized by its brightness
and chromaticity.



Color Fundamentals (cont.)

The amounts of red, green, and blue needed to form any
particular color are called the tri-stimulus values and are
denoted, X, Y, and Z

A color is then specified by its tri-chromatic coefficients,
defined as

X
X = (6.1-1)
X+Y+Z
y = Y
X +Y 47 (6.1-2)
= 7
1Y 17 (6.1-3)

It is noted from these equations that
X+y+z=1 (6.1-4)



Color Fundamentals (cont.)

The CIE chromaticity diagram

¢ Which shows color composition as a function of x (red) and
y (green).

¢ For any value of x and y, the corresponding value of z (blue)
IS obtained from Eq.(6.1-4).
z2=1(x+Yy)

¢ approximately 62% green, 25% red , and 13% blue content.

¢ The positions of the various spectrum colors from violet at
380 nm to red at 780 nm are indicated around the
boundary of the tongue-shaped chromaticity diagram.

¢ These are the pure colors shown in the spectrum of Fig.
6.2.



Color Fundamentals (cont.)

ClEr =

FIGURE 6.5
Chromaticity
diagram.
(Courtesy of the
General Electric
Co.,Lamp
Business
Division.)
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Color Fundamentals (cont.)

_ Any point located on the
N boundary of the chromaticity
: chart is fully saturated.

B} A straight-line segment joining
_ any two points in the diagram
- defines all the different color

— variations that can be obtained
- by combining these two color

- additively.

y-axis

- Any color inside the triangle

- can be produced by various

- combinations of the three initial
‘ colors.

X-axis

FIGURE 6.6 'Tvpical color gamut of color monitors (triangle) and color printing devices
(irregular region).
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Color Models

The RGB Color Model

¢ Each color appears in its primary spectral components of red,
green, and blue.

¢ Images represented in the RGB color model consist of three
component images, one for each primary color.

¢ When fed into an RGB monitor, these three images combine on
the phosphor screen to produce a composite color image.

¢ The number of bits used to represent each pixel in RGB space is
called the pixel depth.

Full-color denote a 24-bit RGB color image
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'Color Models (cont.)

A Example 6.1

¢ Generating the hidden face planes and a cross section of
the RGB color cube.

4 Composed of the (28)3 =16,777,216 colors

FIGURE 6.8 RGB 24-bit color cube.
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‘Color Models (cont.)

A

A

¢ When we view a color scene with a

¢ Repeating this process with each

Example 6.1 (cont.)

¢ Acquiring a color image is basically
the process shown in Fig. 6.9 in
reverse.

¢ A color image can be acquired by
using three filters, sensitive to red,
green, and blue.

Color
maonitor

monochrome camera equipped with
one of these filters, the result is a
monochrome image whose intensity
:‘Si proportional to the response of that
ilter.

filter produces three monochrome
iImages that are RGB component
Images of the color scene.

(G =0)
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Color Models (cont.)

Safe RGB color, All-system-safe color, Safe Web
color, Safe browser color

C

Given the variety of systems in current use, it is of
considerable interest to have a subset of colors that are
likely to be reproduced faithfully, reasonably independently
of viewer hardware capabilities.

216 colors are common to most systems, these colors have
become the standard for safe colors.

Each of the 216 safe colors if formed from three RGB
values, each value can only be 0, 51, 102, 153, 204, or
255.

The values 000000 and FFFFFF represent black and white,
respectively. p—

FIGURE 6.11 The RGB safe-color cube.
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'Color Models (cont.)

Number System Color Equivalents {ABI'E I&.I .
‘alid values of
Hex 00 33 66 ug cC FF cach RGB
Decimal 0 51 102 153 204 255 component in a
safe color.

a
b

FIGURE 6.10

{a) The 216 safe
RGB colors.
(b) All the grays
in the 256-color
RGEB system
(grays that are
part of the safe
color group are
shown
underlined).
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Color Models (cont.)

The CMY color model

¢ Cyan, magenta, and yellow are the secondary colors of
light
When cyan is illuminated with white light, no red light is
reflected from the surface.

Most devices that deposit colored pigments on paper, such as
color printers and copiers, require CMY data input or perform
an RGB to CMY conversion internally.

eCo co eRo Ro o eCo

u_eu u u_eu u
gM - 3“ gGU SGU_SJU SMU (6.2-1)
eYH € eBY EBY €Y eYH

The assumptions is that all color values have been
normalized to range [0,1].

¢ The CMYK color model
In order to produce true black, a fourth color black is added
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Color Models (cont.)
The HSI Color Model

¢

When humans view a color object, we describe it by its hue,
saturation, and brightness.

Hue is a color attribute that describes a pure color.

Saturation gives a measure of the degree to which a pure
color is diluted by white light.

Brightness is a subjective descriptor that is practically
Impossible to measure. ("HW n intensityw & = brightness)

HSI color model decouples the intensity component from
the color-carrying information (hue and saturation) in a
color image.
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Color Models (cont.)

Conceptual relationships between the RGB and HSI
color models

Magenta

(1,0,0) L.~
Red

G

The intensity is along the line joining the vertices (0,0,0)
and (1,1,1).
If we wanted to determine the intensity component of any

color point, we would simply pass a plane perpendicular to
the intensity axis and containing the point.

The intersection of the plane with the intensity axis would
give us a point with intensity value in the range [0,1].
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FIGURE 6.12 Conceptual relationships between the RGB and HSI color models.



Color Models (cont.)

Fig. 12(b) shows a plane defined by three points
(black, white, and cyan)

All points contained in the plane segment defined by
the intensity axis and the boundaries of the cube
have the same hue.

¢ All colors generated by three colors lie in the triangle
defined by those colors.

¢ If two of those points are black and white and the third is a
color point, all points on the triangle would have the same
hue.

¢ By rotating the shaded plane about the vertical intensity
axis, we would obtain different hues.
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Color Models (cont.)
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FIGURE 6.13 Hue and saturation in the HSI color model. The dot is an arhilr:-ar}-' color
point. The angle from the red axis gives the hue, and the length of the vector is the sat-
uration. The intensity of all colors in any of these planes is given by the position of the

plane on the vertical intensity axis.

Green

Magenta

The HSI space is represented by a
vertical intensity axis and the locus
of color points that lie on planes
perpendicular

Looking at the cube (Fig. 12) down
its gray-scale axis, as shown in Fig.
6.13(a).

In this plane we see that the primary
colors are separated by 1207 .

The hue of the point is determined

by an angle from some reference

point.

¢ Usually an angle of Oi from the red axis
designates 0 hue, and the hue
increases countercolockwise from there.

The saturation is the length of the

vector from the origin to the point.
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\ Color Models (cont.): Converting colors
from RGB to HSI

¢ The H component of each RGB
pixel is obtained by

& g ifB¢G

T1360-g if B>G

H

by
3

R+G+B

¢ The intensity component is given

S=1- [minR G, B)|

by The RGB values have been normalized to
| = } (R+G +B) range [0,1] and that qngle IS measured with
3 respect to the red axis of the HSI space.



Color Models (cont.): Converting colors
from HSI to RGB

¢ Given values of HSI In the interval [0,1], we can
find the corresponding RGB values in the same
range.

¢ The applicable equations depend on the values of
H.

¢ There are three sectors of interest, corresponding
to the 120. intervals in the separation of primaries
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Color Models (cont.)

¢ RGsector 0°¢H <120
When H is in this sector, the RGB components are given

by
ScosH %

_Iel cosp0’- H)u

¢ GB sector 120" ¢ H < 240"
If the given value of H is in this sector, we first subtract

G=3-(R+B) B=I@1-9S)

12071 from it.
H=H-120
Then the RGB components are
R=1(1- S) _@ ScosH_© B=3l - (R+G)

cos60"- H)g
¢ BR sector 240*¢ H <360‘\
If the given value of H is in this sector, we first subtract

24071 from it.
H =H - 240" \
e ScosH ©
G=1(1- S B=ld+— "y R=3| - (G+B) 24

6 cosB0*- H){



‘ Color Models (cont.)

Its most distinguishing feature is the discontinuity in value along 45
line in the front (red) plane of the cube.

abic
FIGURE 6/15/ HSI components of the image in Fig. p.8.

(a) Hue, (b) saturation, and (c)/intgnsity images.

Fig. 6.8
A intensity

Fig. 6.8
A saturation

Fig. 6.8
A Hue
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Color Models (cont.)

[ RGB

HueA D v

saturatlonA p)

i d

FIGURE 6.16 (a) RGB image and the components of its corresponding HSI image:

(b) hue, (c) saturation, and (d) intensity.

intensityA > un
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Color Models (cont.)

Y B A hued . .
‘ ¥ B A saturation

DU
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FIGURE 6.17 (a)—(c) Modified HSI component images. (d) Resulting RGB image.
(See Fig. 6.16 for the original HST images.)
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Pseudocolor Image Processing

Pseudocolor image processing consists of assigning
colors to gray values based on a specified criterion.

The principal use of pseudocolor is for human
visualization and interpretation of gray-scale events
IN an images or seguence of images.

Intensity Slicing

¢ If animage is interpreted as a 3D function, the method can
be viewed as one of placing planes parallel to the
coordinate plane of the image;

c Each plan then Asliceso the f
Intersection.

28



Pseudocolor Image Processing (con

Let [O, L-1] represent the gray scale

Let level |, represent black [f(x,y)=0]

Level |, ; represent white [f(x,y)=L-1]

Suppose that P planes perpendicular to the intensity axis are
defined at levels I, l,, €, |

Assuming that O<P<L-1

The P planes partition the gray scale into P+1 intervals, V,,
VZ’ éP+1 \%

Gray-level to color assignments are made according to the
relation

f(x,y)=c, if f(xyiV,
where ¢, is the color associated with the k-th intensity interval
Vi
29



Pseudocolor Image Processing (con

¢ Fig. 6.18 shows an example of using a plane at f(x,y)=l, to slice the
image function into two levels.

¢ If a different color is assigned to each side of the plane, any pixel whose
gray level is above the plane will be coded with one color, and any pixel
below the plane will be coded with the other.

¢ Levels that lie on the plane itself may be arbitrarily assigned one of the
two colors.

¢ The resultis a two-color image whose relative appearance can be
controlled by moving the slicing plane up and down the gray-level axis.

f(x.)
Gray-level axis

(White) L — 1

Slicing plane

x 30

FIGURE 6.18 Geometric interpretation of the intensity-slicing technique.



‘Pseudocolor Image Processing (con

When more levels are used, the
mapping function takes on a

staircase form.

Any input gray level is assigned
one of two colors, depending on
whether it is above or below the

value of ..

D {; L—1
Gray levels

FIGURE 6.19 An alternative representation of the intensityv-slicing technique.
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Pseudocolor Image Processing (con

Example 6.3 Intensity Slicing

FIGURE/6.20\(a) Monochrome image of the Picker [hyrod Phantom. (b) Result of den-
sity slfcing in{o eight colors. (Courtesy of Dr. J. L.\Blankenship. Instrumentation and
Contfols Divigion, Oak Ridge National Laboratory:.)

2A0Q
(monochrome image of the
Picker Thyroid Phantom )

The result of intensity slicing this
iImage into eight color regions.
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Pseudocolor Image Processing (con

Example 6.3 Intensity Slicing (cont.)
G

Intensity slicing assumes a much more meaningful and useful
role when subdivision of the gray scale is based on physical
characteristics of the image.

Fig. 6.21(a) shows an X-ray image of a weld containing several
cracks and porosities with graylevel of 255.

If the exact values of gray levels one is looking for are known,
Intensity slicing is a simple but powerful aid in visualization.

Cracks/porosities
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Pseudocolor Image Processing (con

Example 6.4 Use of color to highlight rainfall levels

> te

ab

c d
FIGURE 6.22 (a) Gray-scale image in which intensity (in the lighter horizontal band shown) corresponds to
average monthly rainfall. (b) Colors assigned to intensity values. (¢) Color-coded image. (d) Zoom of the South 34

America region. (Courtesy of NASA.)



Pseudocolor Image Processing (con

Gray Level to Color

¢ To perform three independent transformations on the gray

Transformations

level of any input pixel.

¢ The three results are then fed separately into the red,
green, and blue channels of a color television monitor.

¢ These are transformations on the gray level values of an

Image and are not fu

fEG 2

nctions of position.

Red
. . | afelx,y
:I> transformation Tr(x.y)

Green

: : XY
transformation ft“l: : )

—

Blue
. . | FY e
transformation fa(x.3)

FIGURE 6.23 Functional block diagram for pseudocolor image processing. fg, fi;. and fj
are fed into the corresponding red, green, and blue inputs of an RGB color monitor.
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‘Pseudocolor Image Processing (con

Ordinary
materials

A Example 6.5

¢ FIg. 6.24(a) shows two
monochrome images of
luggage obtained from
an airport X-ray
scanning system.

¢ The purpose of this
example is to illustrate
the use of gray level to
color transformations to
obtain various degrees
of enhancement.

(plastic
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Pseudocolor Image Processing (con

¢ Fig 6.25 shows the transformation
functions used.

¢ These sinusoidal functions contain N v
regions of relatively constant value i \/
around the peaks and regions that L]
change rapidly near the valleys. reen

¢ Changing the phase and frequency of
each sinusoid can emphasize (in color)
ranged in the gray scale.

¢ If all three transformations have the
same phase and frequency, the output
iImage will be monochrome.

¢ Fig. 6.24(b) was obtained with the Lo
transformation functions in Fig. 6.25 e
(@).

¢ Fig. 6.24(c) was obtained with the
transformation functions in Fig. 6.25

(b).

Blue

L-14 —

L -1
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—im | T
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SRR LE
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b 37

FIGURE 6.25 Transformation functions used to obtain the images in Fig. 6.24.



Pseudocolor Image Processing (con

¢ Combine several monochrome images into a
single color composite.
Usually used in Multispectral image processing

Different sensors produce individual monochrome
Images, each in a different spectral band.

filx y)

Falx V) S

fxlx.y) >

gi(x.¥)
Transformation T

o y)

Transformation T,

2x(x. ¥
Transformation Ty

Additional
processing

hglx, ¥)

hglx. v)

hg(x. y)

FIGURE 6.26 A pseudocolor coding approach used when several monochrome images

are available.
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‘Pseudocolor Image Processing (con

Green
Red component component of
of an RGB an RGB image

image

Blue Nea}r-infrared
component of 'mage

an RGB image

infrared image

[ Red+Green+Blue
?reen+8lue+Near- }
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