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3 2 Color Processing3.2 Color Processing
• Spectral information perceived by human eyeSpectral information perceived by human eye 
 visible wavelength ; 380-700nm
 Cone: good spatial resol tion lo sensiti it Cone: good spatial resolution, low sensitivity 

for daylight, 3 types for r g b )
 Rod : High sensitivity, but b/w

•Physiopsycological Phenomena•Physiopsycological Phenomena
•Image Interpretation

h b i i h d fhuman beings perceive thousands of 
color shades and intensities, compared 
to only two-dozen shades of gray.

3Electromagnetic 
Spectrum
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Rods and ConesRods and Cones
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Rods and Cones
• The retina contains two types of photoreceptors, rods 

and cones The rods are more numerous some 120and cones. The rods are more numerous, some 120 
million, and are more sensitive than the cones.

• � � The experimental evidence suggests that 
among the cones there are three different types of 
color reception. Response curves for the three types of color reception. Response curves for the three types of 
cones have been determined. Since the perception of 
color depends on the firing of these three types of 
nerve cells, it follows that visible color can be mappednerve cells, it follows that visible color can be mapped 
in terms of three numbers called tristimulus values. 
Color perception has been successfully modeled in 
terms of tristimulus values and mapped on the CIEterms of tristimulus values and mapped on the CIE
chromaticity diagram.

http://hyperphysics.phy-astr.gsu.edu/hbase/vision/rodcone.html
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Cone Details
•Current understanding is that the 6 to 7 million cones can be divided into red“ 
cones (64%), "green" cones (32%), and "blue" cones (2%) based on measured 

Th id h ' l i i i Th d dresponse curves. They provide the eye's color sensitivity. The green and red 
cones are concentrated in the fovea centralis . The "blue" cones have the  
highest sensitivity and are mostly found outside the fovea, leading to some 

•The cones are less sensitive to light than the rods, as shown a typical day-night 

distinctions in the eye's blue perception.

comparison. The daylight vision (cone vision) adapts much more rapidly to 
changing light levels, adjusting to a change like coming indoors out of sunlight in 
a few seconds. Like all neurons, the cones fire to produce an electrical impulse on , p p
the nerve fiber and then must reset to fire again. The light adaption is thought to 
occur by adjusting this reset time.

•The cones are responsible for all high resolution vision. The eye moves
continually to keep the light from the object of interest falling on the fovea 

li h h b lk h idcentralis where the bulk of the cones reside.
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Color Representationp
•Color Mixing System

•All Color can be created by mixing 3 primary colors in
i t tiappropriate proportions

•Physical Approach
•Easy for machines to compose colorEasy for machines to compose color
•Typical Primary Color

� �  Red, Green, Blue
•Additive color composite for light
•Subtractive color composite for pigments

• Color Appearance System
• Describe Color Qualitatively using Color Code
• Easy for human beings to describe or control color
• Munsell Color System

HSI• HSI
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Color mixing system
Light and pigment

Mixture of Pigments
(Subtractive primaries)

Mixture of light
(Additive primaries)( p )
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Color matching Experiment and functionColor matching Experiment and function
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XYZ Color systemXYZ Color system
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3 3 color composite3.3 color composite
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Color  composite example :LANDSAT
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color composite 2color composite 2
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Conversion between RGB and HSIConversion between RGB and HSI
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RGB Color Image DisplayRGB Color Image Display
Full Color TypeFull Color Type
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RGB Color Image DisplayRGB Color Image Display
Color Map Type
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4.Image Conversion
4.1 Math Operation:NDVI

•Arithmetic operation is possible because the mage
•Is nothing more than numerical dataIs nothing more than numerical data

•+ - * / , log
•Single Band/Band MathSingle Band/Band Math
•B1/B2

•Contrast enhancement Radiometric correctionContrast enhancement , Radiometric correction
•Change detection, Calculate Index
(Vegetation Index etc)(Vegetation Index,etc)
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4.Image Conversion
4.1 Math Operation:NDVI
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Spectral reflectanceSpectral reflectance
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Interactions with SurfacesInteractions with Surfaces

There are three (3) forms of interaction that can take place( ) p
when energy strikes, or is incident (I) upon the surface. These
are: reflection (R); transmission (T); and absorption (A).
Interactions
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NDVI:Normatlized differential 
vegetation index
NDVI =(NIR-VR)/(NIR+VR)

 t    ’/ ’= tan  = y’/x’
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Bands used for NDVIBands used for NDVI

NDVI =(NIR-VR)/(NIR+VR)
 t    ’/ ’= tan  = y’/x’

NIR VR

LANDSAT MSS B7 B5

LANDSAT TM B4 B3

SPOT XS B3 B2SPOT XS B3 B2

NOAA AVHRR B2 B1NOAA AVHRR B2 B1
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Logical operator and operationLogical operator and operation
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Logical operatorLogical operator
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Logical imageLogical image
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4.3 principle component 
analysis



41

Principle of component analysisPrinciple of component analysis
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4.4 Filtering4.4 Filtering
:Edge Enhancement

•Image feature extraction
•Noise suppression
•Image enhancement•Image enhancement
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Spatial filter and operationsSpatial filter and operations
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Various FiltersVarious Filters
Smoothing Laplacian Sharpening
1 1 1
1 1 1

-1 -1 -1
-1 1 -1

1 -8 1
-8 37 -81/9* 1/9*

1 1 1 -1 -1 -1 1 -8 1
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