
Digital Image Fundamentals



Image Formation
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log (cd/m2)

Human simultaneous luminance vision 
range

(5 orders of magnitude)



Digital Image Sensing
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Sampling and Quantization 
How many samples to take?

• Number of pixels (samples) in the image
• Nyquist rate

How many gray-levels to store?

• At a pixel position (sample), number of levels of 
color/intensity to be represented



Spatial space

Intensity space



Digital image in computer

The representation of an gray image is a  M×N numerical 
array as
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Each ai,j is called a pixel
The magnitude of ai,j is represented digitally with a 
fixed number of bits - quantization



Digital image in computer



Spatial and Intensity Resolution

Spatial resolution
— A measure of the smallest discernible detail in an image
— stated with line pairs per unit distance, dots (pixels) per unit distance, 

dots per inch (dpi)

Intensity resolution
— The smallest discernible change in intensity level
— stated with 8 bits, 12 bits, 16 bits, etc.





Spatial resolution



Intensity resolution



Intensity resolution
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Color Imaging 
Color image formation (acquisition)
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Color Imaging 

Color image formation 
(acquisition)
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Color filters
Of the sensor
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Color Imaging 

The RGB Color Model

• R, G, B at 3 axis ranging in [0 1] each
• Gray scale along the diagonal
• If each component is quantized into 256 levels 

[0:255], the total number of different colors that can 
be produced is (28)3 = 224 =16,777,216 colors.
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Color Imaging 

The RGB Color Model
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Color Imaging 
The YIQ Color Model

• Video (NTSC) standard
• Y encodes luminance; I and Q encode chrominance (“color”)
• Black and white TV shows only the Y channel
• Backward compatibility; efficiency



24

Color Imaging 
Color Models, YCbCr
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Color Imaging 
More Color Models, see e.g., 
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Color Imaging 
Color image representation (in RGB space)

=
Red Green Blue
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Color Imaging 
Color image representation (in RGB space)


