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Effect of grey level resolution  
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What is digital image? 
The image consists of 

finite number of pixels 

( f(x,y) ) 

pixel 

Every pixel Is an 

intersection  تقاطع

between a row and a 

column. 

 

every pixel has 

intensity كثافة      

 
 Ex:  

f(4,3)= 123 

Refers to a pixel existing on the 

intersection between row 4 with 

column 3, and its intensity is 

123. 
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 Mathematical representation of Digital Images 
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Logical Operations 
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 Image files Format  

   Image files consists of two parts:  

 A header found at the start of the file  and consisting of 
parameters regarding: 

 Number of rows (height) 

 Number of columns (width) 

 Number of bands (i.e. colors) 

 Number of bits per pixel (bpp) 

 File type 

 Image data which lists all pixel values (vectors) on the 
first row, followed by 2nd row, and so on. 
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Image Histogram  
 The distribution of gray levels in an image convey some useful 

information on the image content. 

 For any image f of size mxn and Gray Level resolution k, the 

histogram of h is a discrete function defined on the set {0, 1, …, 

2k-1} of gray values such that h(i) is th number of pixels in the 

image f which have the gray value i. 

 It is customary to “normalise” a histogram by dividing h(i) by 

the total number of pixels in the image, i.e. use the probability 

distribution:  

                                            p(i) = h(i)/mn. 

 Histograms are used in numerous processing operations. 
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 Histograms - Examples 
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 Local Vs. Global Histograms – Image Features 

   Histograms for parts of an image provide useful tools for 

feature analysis. 

   Local Histograms provide more information on image 

content than the global histogram. 









Overview of Image Processing 

Operations 

  

• Operations in the Spatial Domain: Here, arithmetic calculations 

and/or logical operations are performed on the original pixel 

values. They can be further divided into three types. 

 

Operations in a Transform Domain: Here, the image undergoes a 

mathematical transformation—such as Fourier transform (FT) or 

discrete cosine transform (DCT)—and the image processing 

algorithm works in the transform domain. Example: frequency-

domain filtering techniques 



 

Global (Point) Operations 
Point operations apply the same mathematical function, often called 

transformation function, to all pixels, regardless of their location in the image or 

the values of their neighbors. Transformation functions in the spatial domain can 

be expressed as 

g(x, y) = T 

 

f (x, y) 

 

where g(x, y) is the processed image, f (x, y) is the original image, and T is an 

operator on f (x, y). 

Since the actual coordinates do not play any role in the way the transformation 

function processes the original image, a shorthand notation can be used: 

s = T [r]  

where r is the original gray level and s is the resulting gray level after processing. 

Figure bellow shows an example of a transformation function used to reduce the 

overall 

intensity of an image by half: s = r/2. Chapter 8 will discuss point operations and 

transformation functions in more detail. 





Neighborhood-Oriented Operations 
 

Neighborhood-oriented (also known as local or area) operations consist of 

determining the resulting pixel value at coordinates (x, y) as a function of its 

original value and the value of (some of) its neighbors, typically using a 

convolution operation. The convolution of a source image with a small 2D array 

(known as window, template, mask, or kernel) produces a destination image in 

which each pixel value depends on its original value and the value of (some of) its 

neighbors. The convolution mask determines which neighbors are used as well 

as the relative weight of their original values. Masks are normally 3 × 3, such as 

the one shown in Figure bellow. 



 

Operations Combining Multiple Images 

 

There are many image processing applications that combine two images, pixel by 

pixel, using an arithmetic or logical operator, resulting in a third image, Z: 

X opn Y = Z  

where X and Y may be images (arrays) or scalars, Z is necessarily an array, and 

opn is a binary mathematical (+, −, ×, /) or logical (AND, OR, XOR) operator. 

Figure bellow shows schematically how pixel-by-pixel operations work. 



Operations in a Transform Domain 

 

A transform is a mathematical tool that allows the conversion of a set of values to 

another set of values, creating, therefore, a new way of representing the same 

information. In the field of image processing, the original domain is referred to as 

spatial domain, whereas the results are said to lie in the transform domain.  

 

The motivation for using mathematical transforms in image processing stems from 

the fact that some tasks are best performed by transforming the input images, 

applying selected algorithms in the transform domain, and eventually applying the 

inverse transformation to the result  Figure  bellow. This is what happens when we 

filter an image in the 2D frequency domain using the FT and its inverse 

Operations in a transform domain. 



Translation, Scaling, Rotation and Perspective                 

Projection of image  




































































































