
Chapter 2: Digital Image Fundamentals







• Scotopic means vision under low light condition
• Ptotopic means under normal/high light condition
• HVS cannot operate over 10 ^ 10 orders of magnitude dynamic range simultaneously
• Total range of distinct intensity levels eye can discriminate simultaneously is small
• For given conditions, the current visual sensitivity of HVS is called “brightness adaptation”.



incremental illumination Δ I appears in the form of a short duration flash

















Light and EM Spectrum

► The colors that humans perceive in an object are 
determined by the nature of the light reflected 
from the object.

e.g. green objects reflect light with wavelengths primarily 
in the 500 to 570 nm range while absorbing most of the 
energy at other wavelength



►Monochromatic light: void of color
Intensity is the only attribute, from black to white
Monochromatic images are referred to as gray-scale
images

► Chromatic light bands: 0.43 to 0.79 um
The quality of a chromatic light source:
Radiance: total amount of energy
Luminance (lm): the amount of energy an observer perceives  
from a light source
Brightness: a subjective descriptor of light perception that is 
impossible to measure. It embodies the achromatic notion of intensity 
and one of the key factors in describing color sensation.





Transform 
illumination 
energy into 

digital images 









Image formation model
( , ) ( , ) ( , )

( , ) :  intensity at the point ( , )
( , ) :  illumination at the point ( , )

(the amount of source illumination incident on the scene)             
( , ) :  reflectance/transmissivity 
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=
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(the amount of illumination reflected/transmitted by the object)
where 0 < ( , ) <  and 0 < ( , ) < 1
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Some Typical Ranges of illumination
► Illumination 

Lumen — A unit of light flow or luminous flux

Lumen per square meter (lm/m2) — The metric unit of measure for 
illuminance of a surface

– On a clear day, the sun may produce in excess of 90,000 lm/m2 of illumination 
on the surface of the Earth

– On a cloudy day, the sun may produce less than 10,000 lm/m2 of illumination 
on the surface of the Earth

– On a clear evening, the moon yields about 0.1 lm/m2 of illumination 

– The typical illumination level in a commercial office is about 1000 lm/m2



Some Typical Ranges of Reflectance

► Reflectance

– 0.01 for black velvet

– 0.65 for stainless steel

– 0.80 for flat-white wall paint  

– 0.90 for silver-plated metal

– 0.93 for snow











► Discrete intensity interval [0, L-1], L=2k 

► The number b of bits required to store a M × N 
digitized image 
b = M × N × k 



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.













Image Interpolation

►Interpolation — Process of using known data to 
estimate unknown values
e.g., zooming, shrinking, rotating, and geometric correction

►Interpolation (sometimes called resampling) — an 
imaging method to increase (or decrease) the number of pixels in 
a digital image. 

Some digital cameras use interpolation to produce a larger image than the 
sensor captured or to create digital zoom

http://www.dpreview.com/learn/?/key=interpolation



Image Interpolation: 
Nearest Neighbor Interpolation

f1(x2,y2) = 
f(round(x2), round(y2))
=f(x1,y1)

f(x1,y1)

f1(x3,y3) = 
f(round(x3), round(y3))
=f(x1,y1)



Image Interpolation: 
Bilinear Interpolation

(x,y)



Image Interpolation: 
Bicubic Interpolation
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• The intensity value assigned to point (x,y) is obtained by the 
following equation

• The sixteen coefficients are determined by using the sixteen 
nearest neighbors.
http://en.wikipedia.org/wiki/Bicubic_interpolation







Example: Addition of Noisy Images for Noise Reduction

Noiseless image: f(x,y)
Noise: n(x,y)  (at every pair of coordinates (x,y), the noise is uncorrelated and has 

zero average value)

Corrupted image: g(x,y)
g(x,y) = f(x,y) + n(x,y)

Reducing the noise by adding a set of noisy images, {gi(x,y)}
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Example: Addition of Noisy Images for Noise Reduction
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Example: Addition of Noisy Images for Noise Reduction

► In astronomy, imaging under very low light levels 
frequently causes sensor noise to render single images 
virtually useless for analysis.

► In astronomical observations, similar sensors for noise 
reduction by observing the same scene over long 
periods of time. Image averaging is then used to 
reduce the noise. 





Black regions in (c) shows no difference
Non black is regions where they are different



An Example of Image Subtraction: Mask Mode Radiography

Mask h(x,y): an X-ray image of a region of a patient’s body 

Live images f(x,y): X-ray images captured at TV rates after injection of the 
contrast medium

Enhanced detail g(x,y)

g(x,y) = f(x,y) - h(x,y)



The procedure gives a movie showing how the contrast medium 
propagates through the various arteries in the area being observed.



An Example of Image 
Multiplication















Geometric Spatial Transformations

► Geometric transformation (rubber-sheet transformation)
— A spatial transformation of coordinates

— intensity interpolation that assigns intensity values to the spatially transformed 
pixels.

► Affine transform

( , ) {( , )}x y T v w=

[ ] [ ]
11 12

21 22

31 32

0
1 1 0

1

t t
x y v w t t

t t

é ù
ê ú= ê ú
ê úë û







Image Registration

• Input and output images are available but the transformation 
function is unknown.
Goal: estimate the transformation function and use it to register 
the two images.

• One of the principal approaches for image registration is to 
use tie points (also called control points)

Ø The corresponding points are known precisely in the input 
and output (reference) images. 



Image Registration

• A simple model based on bilinear approximation:

1 2 3 4

5 6 7 8

Where ( , ) and ( , ) are the coordinates of 
tie points in the input and reference images.
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Image Transform

• A particularly important class of 2-D linear transforms, 
denoted T(u, v)
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 ..., N-1.



Image Transform

• Given T(u, v), the original image f(x, y) can be recoverd using 
the inverse tranformation of T(u, v).
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Forward Transform Kernel
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The Kernels for 2-D Fourier Transform
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2-D Fourier Transform
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Probabilistic Methods

Let ,  0,  1,  2,  ...,  -1, denote the values of all possible intensities
in an  digital image. The probability, ( ), of intensity level

 occurring in a given image is estimated as
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Probabilistic Methods
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14.3s = 31.6s = 49.2s =


