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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.)

1666 Sir Isaac Newton, 24 year old, discovered white light
spectrum.

gsor9.1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.




Electromagnetic Spectru%
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Visible light wavelength: from around 400 to 700 nm

1. For an achromatic (monochrome) light source, there is only 1 attribute to
describe the quality: intensity

2. For a chromatic light source, there are 3 attributes to describe the quality:
Radiance = total amount of energy flow from a light source (Watts)
Luminance = amount of energy received by an observer (lumens)
Brightness = intensity

gsoro.1 ‘m'q detx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2° Edition.

Sensitivity of Cones in t/{ZHuman Eye
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445 0m $iSom 575 0m 6-7 millions cones in a human eye
- 65% sensitive to Red light
- 33% sensitive to Green light
- 2 % sensitive to Blue light

Primary colors:
Defined CIE in 1931
Red =700nm

Absorplion (arbitrary units)

1 L

400 450 500 550 600 650 700 nm e
2 3§ 83§ :y 3 Green = 546.1nm
: I == 5% & & Blue =435.8nm
I = 2 z oz
3 5 = Z 3
= - 3 =

=

CIE = Commission Internationale de I’Eclairage
(The International Commission on Illumination)

gsor9.1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.
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Primary
color
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MIXTURES OF LIGHT [ La
Gjlicadl

(Additive primarios)

Additive primary colors: RGB
use in the case of light sources
such as color monitors

Subtractive primary colors: CMY
vt  Use in the case of pigments in

(Subtractive primaries)
printing devices

yellow subtracts (absorbs) blue and

transmits (reflects) other two primary

color of light (green and red)

White subtracted by CMY to get
Black

PRIMARY AND SECONDARY COLORS
OF LIGHT AND PIGMENT

(Images from Rafael C. Gonzalez and Richard E.

s/ .1 'm g det x.
Wood, Digital Image Processing, 2™ Edition.
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Color Characterization PAP
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Hue: dominant color corresponding to a dominant
wavelength of mixture light wave

Saturation:  Relative purity or amount of white light mixed
with a hue (inversely proportional to amount of white

light added)
Brightness:  Intensity
Hue

Saturation

} Chromaticity

amount of red (X), green (Y) and blue (Z) to form any particular
color is called r77st7mi/us.

gsoro.1 ‘m'q' detax.

Color Gamut o
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‘Color Moniters

f Color M%ors and Printing Devices
Y/
1 | | | é_g_olIA 1 | L

5 7 Printing devices

y-axis

3 6 7
https://manara.edu.sy/ (Images from Rafael C. Gonzalez and Richard E.
X-axis Wood, Digital Image Processing, 2" Edition.




RGB Color Mode/ PﬁV
Purpose of color models: to facilitate the specification of colors in
some staadard
3 RGB color models:

- based on cartesian
coordinate system
Blue | (00 1)

Cyan
1
1
Magenta ! .
S | L] White
1
| -
I .
1 f
: ( |
I iray scale (0. 1.0)
Bla M. __________ 4 G
7 Green
-
-
(1.0,0) L~
Red Yellow
R
gsord.l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition.
RGB Color Cube PfV

= 8 bits } Color depth 24 bits

G 8 bits
=16777216 col
B = 8 bits 777216 colors

<:| Hidden faces
of the cube

(R=0) (G =0) https: Hma"(rﬂec-sﬂ) (Images from Rafacl C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2" Edition.
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RGB Color Model (cont.) P
%
ot

= gl
Red fixed at 127

Color
monitor

RGB

gsoro.1 ‘m'q' detax.

(Images from Rafacl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2 Edition.

Safe RGB Colors

Safe RGB colors: a subset of R%] colors.

v

There are 216 colors common in most operating systems.

a
b

FIGURE 6.10

(a) The 216 safe
RGB colors.
(b) All the grays
in the 256-color
RGB system
(grays that are
part of the safe
color group are
shown
underlined).
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(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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RGB Safe-color Cube %

Number System Color Equivalents TAB.LE _‘"I
T Valid values of
U0 N
Hex 00 33 66 GG CC FF cach RGB
Decimal 0 51 102 153 204 255 component in a
safe color.

However, for 8 bit color

40 colors are left to OS.

The RGB Cube is divided into
6 intervals on each axis to achieve
the total 6>= 216 common colors.

representation, there are the total
256 colors. Therefore, the remaining

gsoro.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.

CMY and CMYK Color M%Is
a.swl_a.’

é)liall
C= Cyan WIXTURES OF PIGMENTS
M = Magenta (Subtractive primaries)
Y = Yellow
K =Black

C 1 R
M|=1|-|G
Y 1 B

gsord.l ‘m'q‘dctax.
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HS/ Color Mode/ PﬁP
V
RGB, CMY models are not goodifor human interpreting
i
HSI Color model:
Hue: Dominant color
Color carrying
Saturation: Relative purity (inversely proportional information
to amount of white light added)
Intensity:  Brightness
gsora.l ‘m'q detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition.

Relationship Between R Pand HS/ Color Models
V
daola
i
White i
Cyan / Yellow
Blue 1 | Red
Black Black =~~~ ==
RGB HSI
gsord.1l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.




Hue and Saturation on CPlar Planes

deola
Green S}.E&&ﬂ“ﬂw

. € REd

Blue Magenta

Green Yellow Green Yellow

Mogenta Bl Magenta  Red

Ble Maenla Blue
1. A dot is the plane is an arbitrary color

2. Hue is an angle from a red axis.

2_Saturation-is-a-distance-to-the-point
—odttlrdtioH-1S <

-GS tAoTto T POt

gsoro.1 ‘m'q' detax.

HS/ Color Model (cont.) %
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Whitt o an -

Intensity is given by a position on the vertical axis.

gsora.l ‘m'q detax.
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HS/ Color Mode/ PﬁP
/

Black

Intensity is given by a position on the vertical axis.

gsoro.1 ‘m'q' detax.

Example: HS/ Componer%vof RGB Cube
Y/

deola
6)licall

RGB Cube

Hue Saturation Intensity

gsoro.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Converting Colors from %B fo HS/

deola

L
B ifB<G
~1360-6 ifB>G

J[R-6)+(R-B)]
(R-G)+(R-B)G-B)]"

6 =cos™

3
R+G+B

I =§(R+G+B)

gsoro.1 ‘m'q' detax.

Converting Colors from %I fo RGB

RG sector: 0< H <120 a.adﬂl.jl(}B sector:120 < H <240
S  H=H-120
cos
R=Il1+—— —1(1—
{ cos(60° — H)} R=10-3)
B=1(1-9) Goyl1pScosH
cos(60" —H)
G=1-(R+B)
B=1-(R+G)
BR sector: 240 < H <360
H=H-240
Bo1l14 ScosH
cos(60" —H)
G=I1(1-9)
R = 1 — (G + B) gsora.l ‘m'q det x.
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RGB
Image

Saturation Intensity

Yot iromoy ade 2! (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition.

Saturation

S
v

Saturation Intensity Intensity RGB
Image

gsor9.1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.
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Color Image Processing D
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There are 2 types of color image processes

1. Pseudocolor image process: Assigning colors to gray values based on a specific
criterion. Gray scale images to be processed may be a single image or
multiple images such as multispectral images

2. Full color image process: The process to manipulate real color images such as
color photographs.

gsoro.1 ‘m'q' detax.

Pseudocolor Image Proc?;sing

/|

dools .
Pseudo color = false color : In sgmé case there is no “color” concept
for a gray scale image but we can assign “false” colors to an image.

Why we need to assign colors to gray scale image?

Answer: Human can distinguish different colors better than different
shades of gray.

gsord.1 ‘m'q detzx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2" Edition.
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Intensity Slicing or Dens%ﬁ/icing

Formula: —
a0l
Siliall
g(x,y) = C, if f(x,y)<T C, = Color No. 1
s C, if f(x,y)>T C,= Color No. 2
F(x.y)
Gray-level axis
(White) L. — 1 ;5
: Slicing plane S
L/
4 / i
: ‘
[
:
> c
(Black) Ot o oo Sl e o b y :
------- 0 T -1

Intensity

A gray scale imagn viewed-as-a3PD-surface

v https://manara.edu.sy.

Intensity Slicing Examplp
74

An X-ray image of a weld with cracks

After assigning a yellow color to pixels with
value 255 and a blue color to all other pixels.

[oro..1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.
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o
Z |
a(x,y)=C, forl_, < f(x,y) <l
C,= Color No. &
5 [, = Threshold level &
©
@]
Ck ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Ck_] ””””””””””””””””
0 —
G, |
C il 1 1 1
1 : : : :
0 1 A 4 I A L-1
Intensity
gsoro.1 ‘m'q'detxx.
Fya.
va
C,= Color No. &
9(x,y) =C, for |, <I(X’ y) <l [kk: Threshold level &

An X-ray image of the Picker After density slicing into 8 colors
Thyroid Phantom.

gsord.1 ‘m'g detzx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2™ Edition.
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A unique color is assigned to
each intensity value.

Gray-scale image of average
monthly rainfall.

i 2

Color coded image South America region

gsoro.1 ‘m'q detx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.

Assigning colors to gray levels basecﬁﬁﬂg—}speciﬁc mapping functions

Red
; X,y
4—\I> transformation T )

flx )2

Green

transformation fe(x.y)  Green component

\

Blue
transformation

f,;(,\‘, ¥)

U

gsor9.1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.

1/20/2025

16



Gray Level to Color Tran%mation Example
S/

An X-ray image
of a garment bag =

—

(Images from Rafael C.
Gonzalez and Richard

E. Wood, Digital Image
Processing, 2" Edition.

An X-ray image of a
garment bag with a
simulated explosive
device

Transformations

- L-H
\// J

Color » )
coded \/\/ d
images

V\/ ’ Gray level

0 L - : —

Explosive Garment Background

bag

Gray Level to Color Tran%mation Example
/

An X-ray image
of a garment bag =«

—

Transformations

> O

Gray level -
We—1 77
Exnlosive  Garment Hackeronmd 1ara.edu.sv.

An X-ray image of a
garment bag with a

simulated explosive
device

(Images from Rafael C.
Gongzalez and Richard

E. Wood, Digital Image
Processing, 2" Edition.

Color
coded
images

1/20/2025
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Pseudocolor Coding %
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Used in the case where there are many monochrome images such as multispectral
satellite images.

silx.y)
filx. .\‘)C> Transformation 7 :> I:'>hk(.\‘.‘\')

£2(x. ¥) .
f:[-"-,“):> Transformation T, \:> ’;:::1‘1‘:::‘: :>h,,(.t.,\)

8x(x.¥)

fr(xy) :{} Transformation T — > hp(x.y)

gsord.l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2% Edition.

Pseudocolor Coding Example

Visible blue Visible green " Y
A=0.45-0.52 pm A=0.52-0.60 pm - Col L
Max water penetration Measuring plant - olor composite images

Visible red Near infrared Washington D.C. area
%= 0.63-0.69 im A=0.76-090 [im .
Plant discrimination Biomass and shorefffi¢ mappimg™" i:,";f,ie}f'g",ﬁlﬁ::;iﬁi’ﬁ?;‘&ﬁ:ﬁﬁm =

18



Pseudocolor Coding Exa%/e

deola

Psuedocolor rendition
of Jupiter moon lo

Yellow areas = older sulfur deposits.
Red areas = material ejected from
active volcanoes.

A close-up

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2° Edition.

Basics of Full-Color lma%f’rocessing
2 Methods: ;

a0l
1. Per-color-component processingﬁgrocess each component separately.
2. Vector processing: treat each pixel as a vector to be processed.

Example of per-color-component processing: smoothing an image
By smoothing each RGB component separately.1

[

(£7¥) :

(x.¥)
Spatial mask —/‘ Spatial mask —f

Gray-scale image RGB color image —

gsord.1 ‘m'g detzx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2™ Edition.
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EXx. amp/e.' Full-Color Image ana%rjouis Color Space Components

deola
. dyliall
Color image i
[ —g ‘

Full color

CMYK components

RGB components

HSI components

Saturation Inensity  hitps:/fmanara.edusy/ (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Tmage Processing, 2% Edition.

Color Transformation %

Use to transform colors to colossela
8liall

Formulation:

g(x, y)=T[f(xy)]

Ax,y) = input color image, g(x,y) = output color image
T= operation on fover a spatial neighborhood of (x,y)

When only data at one pixel is used in the transformation, we
can express the transformation as:

Si:Ti(rlsrzs"')rn) 1': 1)27'“91]

Where r;= color component of £x,y)

s,= color component of g(x,)) For RGB images, 7= 3

gsor9.1 ‘m'q det xx.

1/20/2025
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Example: Color Transfor%ion

Formula for RGB:
Sz(X, Y) =Kr(X,y)
Se (X, Y) =Kig (X, y)
Sg(X, Y) =krg(X,y)

Formula for HSI:
SI(Xa y) = krl(xa y) 1 1 1
RN 4 T
@ =k — — //
Formula for CMY: fan) N Cis |
Sc (X, y) =kre (X, y) +(1-k)
Su (X, Y) =kry (X, y) +(1-Kk) These 3 transformations give
Sy (X, ¥) =K, (X, y)+(1-k) the same results.
gsord.l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2% Edition.

Color Complements %P
/

Color complement replaces eeﬂﬁﬁpolor with its opposite color in the
color circle of the Hue component. This operation is analogous to
image negative in a gray scale image.

Magenta

Cyan

Red <:| Color circle

Green . Yellow

gsoro.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Color Complement Trans'%rmation Example

1 a'b

E-Ti 15

At dil —
h FIGURE 6.33
Caolor

complement
transformations.
(a) Original
image.

(b) Complement
transformation
functions.

(¢) Complement
of (a) based on
the RGB mapping
functions. (d) An
approximation of
the RGB
complement using
HSI
transformations.

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2° Edition.

Color Slicing Transforma%n

We can perform “slicing” in cérdn space: if the color of each pixel
is far from a desired color more than threshold distance, we set that

color to some specific color such as gray, otherwise we keep the
original color unchanged.

o _ 05 ifﬂrj —aj\>\%v} mmm) Set to gray
i any I1<j<n
r otherwise > Keep the original
or ~=1,2,..,n color
X 2 Set to gray
¢ )05 1fZl"(rj—aj)z>Ro =
1 J=
I otherwise :> Keep the original

. color
=1,2,...,n

gsor9.1 ‘m'q det xx.

1/20/2025
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Color Slicing Transform% Example
deola

Original irﬁage

§aA fter color slicing

ab
FIGURE 6.34 C'olor slicing transformations that detect (a) reds within an RGB cube of

width W = 0.2549 centered at (0.6863, 0.1608, 0.1922). and (b) reds within an RGB
sphere of radius 0.1765 centered at the same point. Pixels outside the cube and sphere

were replaced by color (0.5, 0.5, 0.5).

(Images from Rafael C. Gonzalez and Richard E.

gsord.l ‘m'q detax.
Wood, Digital Image Processing, 2™ Edition.

e

Tonal Correction Examp%

In these examples, only
brightness and contrast are
adjusted while keeping color

unchanged.
This can be done by

using the same transformation
for all RGB components.

\\
B

\ S

Contrast enhancement

Power law transformations

htfps:/fmanara.edu . (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.

Corrected

Dark

1/20/2025
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Color Balancing Correctipg Examples

FIGURE 6.36 Color balancing corrections (GAGMNK'
color images.

Color imbalance: primary color components in white area
are not balance. We can measure these components by
using a color spectrometer.

Color balancing can be
performed by adjusting
color components separately
as seen in this slide.

e

= {/manara dct . (Images from Rafael C. Gonzalez and Richard E.
1 Wood, Digital Image Processing, 2% Edition.

i
Iy
B

s
T
B

]
Y

£

5

Histogram Equalization c%a Full-Color Image

% Histogram equalization of a cé‘ﬁ&i image can be performed by
adjusting color intensity uniformly while leaving color unchanged.

¢ The HSI model is suitable for histogram equalization where only
Intensity (I) component is equalized.

S =T(5)= 2P (1)
n.
4

k
=0

where rand s are intensity components of input and output color image.

gsord.l ‘m'q‘dctax.

1/20/2025
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c{Z Full-Color Image

1 ab
Sl 4 —
o 1/ FIGURE 6.37
74 Histogram
.
equahzation

| H | Y | S | (followed by

0 1 0 1 saturation

—— adjustment) in the
Histogram before processing : A
1 i e HSI color space.
2
7
).5
i . ——
|| Mistogram after processing
“ ‘ (median = 03
0 03¢ 1 |

Gonzalez and Richard E.
Wood, Digital Image
Processing, 2 Edition.

Color Image Smoothing %
2 Methods: faas

6)licall
I.  Per-color-plane method: for RGB, CMY color models
Smooth each color plane using moving averaging and

then combine back to RGB
_ | _
K D R(X,Y)
(X,Y)€Syy
_ 1 1
C(X, y) = ZC(X, y) =7, ZG(X') y)
K (X,Y)eS,y K (X,Y)€S,y
1
K D B(x,Y)
L (X,y)eSyy

2. Smooth only Intensity component of a HSI image while leaving
H and S unmodified.

Note: 2 methods are not equivalent.

gsor9.1 ‘m'q det xx.

25



Color image

Green Blue

gsoro.1 ‘m'q detx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2° Edition.

<.
o

A

Color image

- Gonzalez and Kichard E.
Wood, Digital Image Processing, 2™ Edition.

1/20/2025
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Color Image Smoothing %mple (cont.)

Smooth all RGB components Smooth only I component of HSI

(faster)

gsoro.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.

Color Image Smoothing %mp/e (cont.)
deola

8)liall

Difference between
smoothed results from 2
methods in the previous
slide.

gsora.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Color Image Sharpening %h

La
We can do in the same manner as coé",q(}'irnjunage smoothing:
1. Per-color-plane method for RGB,CMY images
2. Sharpening only I component of a HSI image

thrppning alLRGB components q}mrpf'ning only | component of HSI

gsoro.1 ‘m'q' detax.

Color Image Sharpening %gmp/e (cont.)
a.swl_a.

8)liall
Difference between
sharpened results from 2

methods in the previous
slide.

gsoro.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Color Segmentation %D

. deola
2 Methods: ol
1. Segmented in HSI color space:
A thresholding function based on color information in H and S
Components. We rarely use I component for color image
segmentation.

G
2. Segmentation in RGB vector space:
A thresholding function based on distance in a color vector space.
gsord.l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2% Edition.

Color Segmentation in H%golor Space

Color image &\
| 7

(Images.from-Rafael.C.

Q.4 3 h S 4
Ddluldtioll HILCIISILY Gonzalez and Richard E.
gsora.l ‘m'q detxx. Wood, Digital Image
Processing, 2" Edition.

1/20/2025
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Binary thresholding of S compa

with T=10%

v

3]

o
(mages-from-Rafacl.(

Gonzalez and Richard E.
Wood, Digital Image
Processing, 2 Edition.

Histogram of @ g=ora 1 o Segmentation of red color pixels

(mages-from-Rafael.C.

gsor9.1 ‘m'q det xx.

Gonzalez and Richard E.
Wood, Digital Image
Processing, 2" Edition.

1/20/2025
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&3
daola -
B B 8liadl B abc
2 FIGURE 6.43

Three approaches

for enclosing data
regions for RGB
vector
segmentation.

/
G G G
/ / / (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
R R R

1. Each point with (R,G,B) coordinate in the vector space represents one color.
2. Segmentation is based on distance thresholding in a vector space

i if D(e(X,y),er)<T
9%y =1, if D(e(X,y),e)>T

D(u,v) = distance function

gsoro.1 ‘m'q'detxx.

% ¢ =average color of pixel in the box

Results of segmentation in
RGB vector space with Threshold
value

7= 1.25 times the SD of R,G,B values
In the box

L'm'q detax. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2™ Edition.
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Since gradient is define only ﬁaé_'a scalar image, there is no concept
of gradient for a color image. We San’t compute gradient of each
color component and combine the results to get the gradient of a color
image.
R Gy Bl We see
2 objects.

s

We see
4 objects.

i

gsor9.1 '‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2° Edition.

Py
74
One way to compute the maxiniam rate of change of a color image
which is close to the meaning of grladient is to use the following
formula: Gradient computed in RGB color space:
1

1 . >
F(0) = {5[(% +9,)+ (0 —0,,)c0s20+2g, sm26]}

9=ltal’1_l 29y
2 (gxx _gyy)

O s i o T
* o |ox| |ox| |ox
g _O0RIR 8G oG GB aB
W ok 6y ox oy T oy

2

R Jec|"|oB]

oR[’ _
(o) Tlay] "oyl

gsor9.1 ‘m'q det xx.
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d Obtained using
the formula

in the previous
i slide

Original
image

Sum of .
gradients of Difference
each color between

component

@and @

gsora.l ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition.

Gradients of each color component

gsor9.1 ‘m'q' detxx. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2™ Edition.
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Noise in Color Images
Noise can corrupt each cqﬁ component independently.

ab

cd

FIGURE 6.48
(a)—(c)y Red.
green, and blue
component
images corrupted
by additive
Gaussian noise of
mean 0 and
variance 800,

(d) Resulting
RGB image.
[Compare (d)
with Fig. 6.46(a).]

Noise is less
noticeable
in a color
image

Gonzalez and Richard E.
Wood, Digital Image
Processing, 2 Edition.

Noise in Color Images %V

Saturation Intensity

b

abec
FIGURE 6.49 HSI components of the noisy color image in Fig. 6.48(d). (a) Hue. (b) Saturation. (¢) Intensity.

gsora.1 ‘m'q detax. (Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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Noise in Color Images %

ab
ciid

FIGURE 6.50

(a) RGB image
with green plane
corrupted by salt-
and-pepper noise.
(b) Hue
component of
HST image.

(c) Saturation
component.

(d) Intensity
component.

. Wa8 Rafacl C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2% Edition.

Color Image Compressio%\_‘f

Original image

JPEG2000 File

gsord.1 ‘m'q detzx. (Images from Rafael C. Gonzalez and Richard E.

Wood, Digital Image Processing, 2" Edition.
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