
ECE 468: Digital Image Processing

Lecture 25

Prof. Sinisa Todorovic

sinisa@eecs.oregonstate.edu

1Friday, November 4, 11

mailto:sinisa@eecs.oregonstate.edu
mailto:sinisa@eecs.oregonstate.edu


Outline

• Color models (Textbook 6.2)

• Color transformations (Textbook 6.5)
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Visible Spectrum of EM

3Friday, November 4, 11



Based on Psychophysical Studies
• Cones in the human eye

• red (R) 65%

• green (G) 33%

• blue (B) 2%

• R = 700nm

• G = 546.1nm

• B = 435.8nm

• Color = combination of primary colors R, G, B
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CRT vs. LCD

• Cathode ray tube (CRT): 

• Triads of red, green, blue electron-sensitive phosphor dots

• “Adding” of electron-gun rays, 30 frames/sec

• Liquid crystal dislpays (LCD), Active matrix technology (AMT), Plasma

• 3 red, green, blue subpixels forming a pixel

• LCD - polarized light

• AMT - thin film transistors

• Plasma - tiny gas cells coated with phosphor
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Basic Color Characteristics

• Brightness = achromatic intensity

• Hue = dominant wavelength as perceived by an observer

• Saturation = relative purity of hue vs. white light
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Chromaticity Diagram

x = red

y = green

z = 1 - x - y

Color composition
as a function of
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Gamut = Range of Colors
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Color Model = Color System = Color Space

• Purpose: To facilitate specification of colors

• RGB color model
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24-bit RGB image

(28)3 = 16777216

10Friday, November 4, 11



Generating the RGB Image
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CMY System
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HSI System
• RGB or CMY systems not convenient for describing how humans 

perceive color

• Inconvenient to represent intuitive notions of hue, saturation, and 
brightness

• Does not capture human intuitions that hues form a circle
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HSI System
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RGB to HSI Conversion

H =
�

� , if B ⇥ G
360� � , if B > G

� = cos�1

� 1
2 [(R�G) + (R�B)]

[(R�G)2 + (R�B)(G�B)]1/2
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S = 1� 3
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HSI to RGB Conversion

Sector: 0 � H � 120

B = I(1� S)

R = I

�
1 +

S cos H

cos(60�H)

⇥

G = 3I � (R + B)
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HSI to RGB Conversion

Sector: 120 � H � 240

H = H � 120

R = I(1� S)

G = I

�
1 +

S cos H

cos(60�H)

⇥

B = 3I � (R + G)
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HSI to RGB Conversion

Sector: 240 � H � 360

H = H � 240

G = I(1� S)

B = I

�
1 +

S cos H

cos(60�H)

⇥

R = 3I � (B + G)
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Intensity to Color Transformations
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Intensity to Color Transformations
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Intensity to Color Transformations
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Color Image Processing

22Friday, November 4, 11



Color Slicing
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Color Slicing

si =
�

0.5 , if |rj � aj | ⇤W, 1 ⇥ j ⇥ n
ri , o.w
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Color Correction
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Color Correction
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Color Histogram Balancing
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Color Smoothing
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Color Smoothing
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Color Sharpening

Bout = B +�2B

Rout = R +�2R

Gout = G +�2G
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Edge Detection Based on Color
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Issues with Using Color as Image Feature

• Color description systems do not provide smooth representations of

• natural, intrinsic color variations of objects

• extrinsic illumination, light saturation, etc., changes

• Color at one pixel location is not very informative

• Color is always used to characterize an image region

• Color constancy -- An example of human (subjective) perception
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