
Today’s Agenda

• Color image processing



Color Representations

• primary/secondary colors

• primary/secondary pigments

• all visible colors



Characteristics of Color Light

• Radiance

• Luminance 

• Brightness

• Chromaticity

• Hue – dominant color/wavelength

• Saturation – color purity

White and grey has the same chromaticity, while different brightness



Chromaticity

Tristimulus values of a color: The amounts of the three primary color to 
match a test color 

CIE (International Commission on Illumination) RGB matching function
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The CIE 1931 RGB Color 

matching functions.
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Chromaticity

Tristimulus values of XYZ space 

CIE XYZ matching function
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Chromaticity Diagram

x and y to represent colors

Pure color 

and fully 

saturated

Mixed color 

with less 

saturation



Chromaticity Diagram (Cont’d)

Color mixing: any color on a line segment 
can be generated by the two ending 
points in the color diagram

Metamerism: the same color can be 
generated with different  combinations of 
source colors with the same tristimulus 
values



Color Gamut

• Color gamut: a 
complete subset of 
colors can be displayed 
on a device or 
represented by a color 
space.

• The color represented 
by 3 given colors 
resides in the triangle 
formed by the 3 points

• Not all colors can be 
represented by 3 
primary colors



Color Models

Color model (space/system): a coordinate 
system or a subspace to represent the colors

• RGB model: monitors and cameras

• CMY (Cyan, magenta, and yellow): printing

• HSI (Hue, saturation, and intensity): separate 
color and gray level information



3D Cartesian coordinate system

All colors are normalized to [0, 1]

Pixel depth: number of bits to represent each pixel in the RGB space

RGB Model

3 hidden planes



RGB Model (Cont’d)



CMY/CMYK Model

CMY (Cyan, Magenta, Yellow)

• Represent the light reflected 
from the surface.

CMYK (CMY + Black)
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HSI Model 

A better model to describe colors.

• Hue: the dominant color observed

• Saturation: the purity of the color (how much the color is 

polluted by white color)

• Value/Intensity: intensity level



HSI Model 

A better model to describe colors.

• Hue: the dominant color observed

• Saturation: the purity of the color (how much the color is 

polluted by white color)

• Value/Intensity: intensity level

Intensity axis

A plane with the same hue



HSI Model



HSI to RGB

𝐻 = ቊ
𝜃/360 if 𝐵 ≤ 𝐺

1 − 𝜃/360 if 𝐵 > 𝐺
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Assume RGB values have been normalized to [0,1]

HSI values are in [0,1]



Case Study for RGB-HSI

Original RGB Hue

Saturation Intensity
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HSI to RGB

Recover H to [0 360]

RG sector (                   ):

GB sector(                         ):

BR sector(                         ):
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HSI Model



Manipulate

Hue Saturation Intensity



Full Color Image in Different Color Space



Pseudo Color Image Processing

Pseudo color/false color: assign colors to gray values

Enhance the visualization quality of the image

• Segmentation results

• Enhance the intensity difference



Intensity Slicing



Examples of Intensity Slicing



Examples of Intensity Slicing



Intensity to Color Transformation



Example



Full-color Image Processing

• Process each component/channel individually, then 
generate the composite image

• Work on each pixel individually
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Color Transformation

nirrrTs nii ,,2,1),,,,( 21  ==

Output value for ith component Transformation functions

For a color image with n components

input values for all components

• Modify intensity

• Color complement (“negative” color image)

• Color slicing

• Tonal correction

• Color balancing

• Histogram processing



Examples of Color Image Transformation

Original image Intensity 

modification

Complement 

color

Color slicing

HSI RGB RGB



Tonal Correction

Correct the tonal range (distribution 
of color intensities)

• Recall the intensity transformation 
in the gray level images

• For RGB model, each component 
has the same transformation 
function

• For HSI model, the transformation 
is applied on the intensity 
component only



Color Balancing

Correct color unbalance by analyzing a known color in image



Histogram Processing

Step 1: Histogram equalization

Step 2: Saturation adjustment 



Reading Assignment

• Reading Chapter 6.6, 6.7, 6.8

• Read Chapter 7 (Wavelets and Multiresolution Processing)
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