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Objectives 
• What are the most important concepts and terms 

related to color perception? 

• What are the main color models used to 
represent and quantify color? 

• How are color images represented in computer? 

• What is pseudocolor image processing and how 
does it differ from full-color image processing? 

• How can monochrome image processing 
techniques be extended to color images? 



PSYCHOPHYSICS OF COLOR 
Color perception is a psychophysical 
phenomenon that combines two main 
components: 

1. The physical properties of light sources and 
surfaces (e.g., their absorption and 
reflectance capabilities). 

2. The physiological and psychological aspects 
of the human visual system (HVS). 



Color spectrum 
Color wavelength Fig 6.1. In 1666, Newton 

discovered that sunlight 
(white light) passing 
through a glass prism 
split up into a color 
spectrum of wave 
lengths in the interval 
400-700nm. 

Fig. 6.2, When 
viewed in full 
color, no color 
in the spectrum 
ends abruptly. 



The Eye 

Diagram from http://webvision.med.utah.edu/ 



The Retina 

Diagram from http://webvision.med.utah.edu/ 



The Retina 

Diagram from http://webvision.med.utah.edu/ 

Light 



Absorption of light by 
the cones in the human eye 

Fig. 6.3 

The human eye contains 3 
types of sensors named 
cones, sensible to blue, green 
and red light, respectively. 

The human eye regards a color 
as a combination of 3 primary 
colors blue (B), green (G) and 
red (R). 

There are combinations of discrete wavelengths.  
• Approximately 65% of all cones are sensitive to red light,  
• 33% are sensitive to green light, and only about 
• 2% are sensitive to blue (but the blue cones are the most sensitive).  
Figure 6.3 shows average experimental curves detailing the absorption of light by the 
red, green, and blue cones in the eye. 



A chromatic light source can be 
described by three basic quantities 

1. Intensity (or Radiance): the total energy flows 
from the light source, measured in watts (W). 

2. Luminance: a measure of the amount of 
information an observer perceives from a light 
source, measured in lumen (lm). It corresponds 
to the radiant power of a light source weighted 
by a spectral sensitivity function (characteristic 
of the HVS). 

3. Brightness: the subjective perception of 
(achromatic) luminous intensity. 



The three types of cone cells  

Spectral absorption curves of the short (S), medium (M), and 
long (L) wavelength pigments in human cone and rod (R) cells. 
Courtesy of Wikimedia Commons. 



Primary and secondary colors of 
light. Additive color mixing. 

Here, secondary 
colors are mixtures of 
two primary colors. 

Yellow = red + green 
cyan = green + blue 
magenta = red + blue 

CRT 
LCD 
plasma 

Fig. 6.4 



Primary and secondary colors of 
pigments. Subtractive color mixing. 

A primary color of pigment 
absorbs 1 primary color of light 
and reflects the others. 

red = yellow + magenta 
green = cyan + yellow 
blue = magenta + cyan 

Painting colors 
Clay 

Color printing is a mixture of additive 
and subtractive color mixing 

Fig. 6.4 



Color Images 
• Are constructed from three 

intensity maps. 

• Each intensity map is 

projected through a color 

filter (e.g., red, green, or 

blue, or cyan, magenta, or 

yellow) to create a single 

color image. 

• The intensity maps are 

overlaid to create a color 

image. 

• Each pixel in a color image 

is a three element vector. 



Color Images on a CRT or LCD Display 

Intensity images are 
projected through 
dot-array color filters 
which are slightly 
offset from one 
another. 



Color of objects 

An object that reflects light in all 
wave lengths appears white. 

An object 
that 
reflects 
blue light 
and 
absorbs 
green 
yellow 
red light 
appears 
blue. 

An object 
that reflects 
red light and 
absorbs 
blue green 
yellow 
light 
appears 
red. 



Characteristics of a light source 
1) Radiance 

• Total amount of energy that flows from the light source. 
• Measured in watts (W). 

2) Luminance 
• A measure of the amount of energy the observer 

perceives from a light source. 
• Measured in lumens (lm). 
• Ex 1) Normally high Radiance corresponds to high 

Luminance. 
• Ex 2) High Radiance of infrared light correspond to low 

Luminance 
3) Brightness 

• Embodies the achromatic notion of intensity 
• Impossible to measure 
• Ex) Which color is most intense - blue or red? 



In the Brain: from RGB to LHS  
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photo receptors brain 

The eye has 3 types of photoreceptors:  

sensitive to red, green, or blue light. 

The brain transforms RGB into separate 

brightness and color channels (e.g., LHS). 



Characteristics of a color 
1) Brightness 

– Embodies the achromatic notion of intensity 
– Impossible to measure 

 2) Hue 
– Associated with the dominant wavelength in a mixture of light waves 
– Dominant color as perceived by an observer 

3) Saturation 
–  Refers to the relative purity or the amount of white light mixed with a hue 
– The pure spectrum colors are fully saturated 

Chromaticity 
– Hue and saturation taken together 
– A color may be characterized by its brightness and chromaticity 

Tristimulus 
– The amount of X (“red”), Y (“green”) and Z (“blue”) needed to form a 

particular color. 
– Do not exist in reality. Compiled from extensive experimental results with 

humans. 



Color matching functions 

RGB color matching function (CIE 1931). XYZ color matching function (CIE 1931). 

XYZ and RGB are related by the following linear transformations: 

RGB to XYZ XYZ to RGB 



CIE Chromaticity 
diagram 

Trichomatic coefficient: 

𝑥 =
𝑋

𝑋+𝑌+𝑍
  (1) 

𝑦 =
𝑌

𝑋+𝑌+𝑍
  (2) 

𝑧 =
𝑍

𝑋+𝑌+𝑍
  (3) 

𝑥 + 𝑦 + 𝑧 = 1 (4) 

Useful for mixing colors 
because a straight line 
between two colors 
gives the additive 
mixing result color. Fig. 6.5 



Typical color gamut of color monitors 
and color printing devices 

Fig. 6.6 

The colors 
inside this 
area 
can be 
composed 
by a high 
quality 
printing 
device. 

The colors 
inside this 
triangle 
can be 
composed 
by a 
typical 
RGB color 
monitor. 



Color models (color space or color system) 

Color model is a specification 
of: 

– a coordinate system and 

– a subspace within that system  

– where each color is 
represented by a single point. 



The RGB 
color model 



Generating the cross-sectional color 
plane (127,G,B) of the RGB color model 

Fig. 6.9 



Vector-Valued Pixels 

Each color corresponds to a point in a 3D vector space  



Color Space 
for standard digital images 

• primary image colors red, green, and blue  

– correspond to R,G, and B axes in color space. 

• 8-bits of intensity resolution per color 

– correspond to integers 0 through 255 on axes. 

• no negative values 

– color “space” is a cube in the first octant of 3-space. 

• color space is discrete  

– 2563 possible colors = 16,777,216 elements in cube. 



Different Axis Sets in Color Space 

RGB axes CMY axes 



The CMY and CMYK color models 

• For pigments. Subtractive color mixing. 
• The RGB color model transforms into the CMY 

(Cyan, Magenta, Yellow) model according to: 

• CMYK: A forth color (black) is added to get a 
better black color. Publishers talk about “four 
color printing”. 



Color Images in Print 

The four colors 
are magenta, 
cyan, yellow,  
and black 



Color Separation / Halftoning 

The original is separated 
into an intensity image for 
each of the four color 
bands. 



Color Separation / Halftoning 



The HSI color model 
• The HSI (Hue, Saturation, 

Intensity) model is good for 
describing colors. It decouples 
the intensity information from 
the color-carrying information. 

• Intensity (gray level) is good for 
describing monochromatic 
images. Intensity is used 
instead of the previously 
mentioned brightness, which is 
subjective and impossible to 
measure.  

• Let the RGB-cube stand on its 
black (0,0,0) vertex with the 
white vertex (1,1,1) pointing 
upwards. 

A plane through a color point 
perpendicular to the intensity 
axis gives the intensity value. 



Hue (H) and saturation (S) 
in the HSI model 

The shape does not matter 
because anyone of these 
shapes can be warped into one 
of the other by a geometric 
transformation in S. 



The HSI model 
based on… 

… triangular color planes: … circular color planes: 



Converting colors 
from RGB to HSI 



HSI values 



RGB and HSI corresponding 

Hue 

Saturation 



Brightness Perception 

image 

255 

0 

intensity profile 

Linear intensity changes are not seen as such.  



Color Point and Gray Line 



Saturation Component of Color Vector 



Hue, Saturation, and Value 



Color Image Representations 

M x N 

True color Image: M x N x 3 
How many colors are there for the True Color images? 

Bit depth: for the true color images use 24 
bits per pixel; thus, there are 224 = (28)3 = 
16,777,216 colors 

28 for Red 

28 for Green 

28 for Blue 



Indexed Images 

M x N 



PSEUDOCOLOR IMAGE 
The purpose of pseudocolor image processing 
techniques is to enhance a monochrome image 
for human viewing purposes. 

• Since the human eye is capable of discerning 
thousands of color hues and intensities,  

• compared to only less than 100 shades of gray, 
replacing gray levels with colors leads to 

• better visualization and enhanced capability 
for detecting relevant details within the 
image. 



Intensity Slicing 



Pseudocoloring with intensity slicing 



Intensity Slicing 




