
CSE031 Digital Image Processing

Lecture 5. Color Image Processing



Color Image Processing

►Color is a powerful descriptor

►Helps in object detection
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Color Fundamentals
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Color Fundamentals



Light and EM Spectrum

Weeks 1 & 2 5

►The colors that humans perceive in an object are 
determined by the nature of the light reflected 
from the object.

     e.g. green objects reflect light with wavelengths primarily 
in the 500 to 570 nm range while absorbing most of the 
energy at other wavelength



Light and EM Spectrum

► An object appears white 
when it reflects all 
wavelengths 

► and black when it absorbs
them all.

► The surface of the RED is 
reflecting the wavelengths 
we see as red and 
absorbing all the rest. 
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Light and EM Spectrum

Weeks 1 & 2 7

►Monochromatic light: void of color
   Intensity is the only attribute, from black to white

   Monochromatic images are referred to as gray-scale 
images

►Chromatic light bands: 0.43 to 0.79 um
   The quality of a chromatic light source:

    Radiance: total amount of energy

    Luminance (lm): the amount of energy an observer perceives  
from a light source

    Brightness: a subjective descriptor of light perception that is 
impossible to measure. It embodies the achromatic notion of intensity 
and one of the key factors in describing color sensation.
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Color Fundamentals
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Color Fundamentals

► The characteristics generally used to distinguish one color 
from another are brightness, hue, and saturation

brightness: the achromatic notion of intensity.

hue: dominant wavelength in a mixture of light waves, 
represents dominant color as perceived by an observer.

saturation: relative purity or the amount of white light 
mixed with its hue.
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Color Fundamentals

► Tristimulus

Red, green, and blue are denoted X, Y, and Z, 
respectively.   A color is defined by its trichromatic 
coefficients, defined as
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CIE Chromaticity Diagram

It shows color 
composition 
as a function 
of x (red) and 
y (green)
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RGB Color Model
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RGB Color Model

Pixel depth

The total number of 
colors in a 24-bit RGB 
image is (28)3 = 
16,777,216
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Safe RGB colors (or 
safe Web colors) are 
reproduced faithfully, 
reasonably 
independently of 
viewer hardware 
capabilities 
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The CMY and CMYK Color Models

1

1

1
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Y B

     
     

= −
     
          

Equal amounts of the pigment primaries, cyan, magenta, and 
yellow should produce black. In practice, combining these 
colors for printing produces a muddy-looking black.

To produce true black, the predominant color in printing, the 
fourth color, black, is added, giving rise to the CMYK color 
model.
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http://en.wikipedia.org/wiki/CMYK

CMY vs. CMYK
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HIS Color Model

brightness: the achromatic notion of intensity.

hue: dominant wavelength in a mixture of light waves, represents dominant color 
as perceived by an observer.

saturation: relative purity or the amount of white light mixed with its hue.
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HIS Color Model
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HIS Color Model
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HIS Color Model
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Converting Colors from RGB to HSI

► Given an image in RGB color format, the H component of 
each RGB pixel is obtained using the equation
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Converting Colors from RGB to HSI

► Given an image in RGB color format, the saturation 
component is given by
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Converting Colors from RGB to HSI

► Given an image in RGB color format, the intensity 
component is given by

( )
1

3
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Converting Colors from HSI to RGB

► RG sector 
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Converting Colors from HSI to RGB

► RG sector 
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Converting Colors from HSI to RGB

► RG sector 
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Basics of Full-Color Image Processing
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Color Transformations

 ( , ) ( , )g x y T f x y=

1 2( , ,..., ),          1,2,..., .i i ns T r r r i n= =
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Color slicing

► Highlighting a specific range of colors in an image

1 2

If the colors of interest are enclosed by a cube of width W 

and centered at a protypical color with components 

( , ,..., ),  the necessary set of transformations is
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Color slicing

( )
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If  a sphere is used to specify the colors of interest, 

R  is the radius of the enclosing of its center. 

The transformations is
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Color slicing
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Tone and 
Color 

Corrections
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Color Image Smoothing

( , )

Let  denote the set of coordinates defining a neighborhood 

centered at ( , ) in an RGB color image. The average of the 

RGB component vectors in this neighborhood is 
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Color Image Sharpening
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Image 
Segmentation 

Based on Color:

Segmentation 
in HIS Color 

Space
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Segmentation in RGB Vector Space

1/2

1/2
2 2 2

Let the average color of interest is denoted by the 

RGB vector . Let  denote an arbitrary point in

RGB space. 
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Color Edge Detection (1)

Let r, g, and b be unit vectors along the R, G, and B

axis of RGB color space, and define vectors

              u r g b 

and

              v r g b 
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Color Edge Detection (2)

2 2 2
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Color Edge Detection (3)

1

The direction of maximum rate of change of c( , ) is given by

the angle

21
      ( , ) tan

2

The value of the rate of change at ( , ) in the direction of ( , ),

is given by
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