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What Is an Image? 
 
 
An image is a visual representation of an object, a 
person, or a scene produced by an optical device such 
as a mirror, a lens, or a camera. This representation is 
two dimensional (2D), although it corresponds to one 
of the infinitely many projections of a real-world, 
three-dimensional (3D) object or scene. 



What Is a Digital Image? 
 
 
 

A digital image is a representation of a two-dimensional image using 
a finite number of points, usually referred to as picture elements, 
pels, or pixels. Each pixel is represented by one or more numerical 
values: for monochrome (grayscale) images, a single value 
representing the intensity of the pixel (usually in a [0, 255] range) is 
enough; for color images, three values (e.g., representing the 
amount of red (R), green (G), and blue (B)) are usually required. 
Alternative ways of representing color images, such as the 
indexed color image representation. 



What is Digital Image Processing 
 
Digital image processing can be defined as the science of modifying 
digital images by means of a digital computer. Since both the 
images and the computers that process them are digital in nature, 
we will focus exclusively on digital image processing. 
 
What Is the Levels of Image Processing? 
 
• Low Level: Primitive operations (e.g., noise reduction, contrast 
enhancement,etc.) where both the input and the output are images. 
 
• Mid Level: Extraction of attributes (e.g., edges, contours, regions, 
etc.) fromimages. 
 
• High Level: Analysis and interpretation of the contents of a scene. 
 
 



COMPONENTS OF A DIGITAL IMAGE PROCESSING SYSTEM 







“Binary Images” 

Binary images: are images that have been 
quantized to two values, usually denoted 0 
and 1, but often with pixel values 0 and 255, 
representing black and white.  

Remember:  images can be: binary, grayscale, color. 
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“Grayscale Images” 

• A grayscale (or graylevel) image: is simply one 
in which the only colors are shades of gray  

    (0 – 255) 
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“Color Images” 

• Color image: A color image contains pixels 
each of which holds three intensity values 
corresponding to the red, green, and blue or(  
RGB)  
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Light reflected on an object and detected by a sensor is an 

additive (linear) combination of different wavelengths (i.e. 

Colours).  

Red, Green, and Blue are the primary colors. Other colors 

are a linear combination of R, G and B. i.e light color space 

is 3 dimentional with {R, G, B} as its base and every other 

colour can be expressed as: 

                                  a*R +b*G + d*B,     

      where 0a,b,c 1  and      a + b + c = 1. 

RGB perfectly interpret of human vision 
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Distance measures 
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Example  
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Compute the distance between the two pixels 

using the three distances : 

q:(1,1) 

P: (2,2) 

Euclidian distance : ((1-2)2+(1-2)2)1/2 = sqrt(2). 

D4(City Block distance): |1-2| +|1-2| =2 

D8(chessboard distance ) : max(|1-2|,|1-2|)= 1 

(because it is one of the 8-neighbors ) 
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 In order to process the image, it must be saved on computer.  

 

 The image output of most sensors is continuous voltage 

waveform. 

 

 But computer deals with digital images not with continuous 

images, thus:  continuous images should be converted into 

digital form. 

 

 continuous image (in real life)  digital (computer) 

 Image Sampling and Quantization 
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How does the computer digitize  
the continuous image? 



How does the computer digitize the continuous image? 

 

Sampling: digitizing coordinates 

Quantization: digitizing intensities 

    

sample is a small white square, located by a vertical tick 

mark as a point x,y 

Quantization: 

converting each 

sample gray-level 

value into discrete 

digital quantity.  

Gray-level scale that 

divides gray-level into 8 

discrete levels 
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How does the computer digitize the continuous 

image? 

 

 Now: 

the digital scanned line AB 

representation on computer: 

The continuous image VS 

the result of digital image 

after sampling and 

quantization 
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Number of storage of bits: 
N * M: the no. of pixels in all the image. 

K: no. of bits in each pixel 

L: grayscale levels the pixel can represent 

L= 2K 

all bits in image= N*N*k 
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Number of storage of bits: 

EX: Here: N=32,     K=3,     L = 23 =8 

# of pixels=N*N = 1024 .  (because in this example: M=N)  

# of bits = N*N*K = 1024*3= 3072 

N=M in this table, which means no. of horizontal pixels= no. of 

vertical pixels. And thus: 

# of pixels in the image= N*N 









Spatial and gray-level resolution 

subSampling is performed by deleting rows and columns from the original image. 

Same # of bits in all images 

(same gray level)  

different # of pixels 

Sub sampling 



Spatial and gray-level resolution 

Resampling is performed by row and column duplication 

 Re sampling 

(pixel replication) 

A special case of 

nearest neighbor 

zooming. 



Effect of grey level resolution  

123 162 200 147 93

137 157 165 232 189

Image f = 151 155 152 141 130

205 101 100 193 115

250 50 75 88 100

8 bits

61 80 100 73 46

68 78 82 116 94

75 77 76 70 65

102 50 50 96 57

125 25 37 43 50

7 bits

f(i,j) int(f(i,j)/2) 

30 40 50 36 23

34 39 41 58 47

37 38 38 35 32

51 25 25 48 28

62 12 18 21 25

6 bits

15 20 25 18 11

17 19 20 29 23

18 19 19 17 16

25 12 12 24 14

31 6 9 10 12

5 bits

7 10 12 9 5

8 9 10 14 11

9 9 9 8 8

12 6 6 12 7

15 3 4 5 6

4 bits

3 5 6 4 2

4 4 5 7 5

4 4 4 4 4

6 3 3 6 3

7 1 2 2 3

3 bits

1 2 3 2 1

2 2 2 3 2

2 2 2 2 2

3 1 1 3 1

3 0 1 1 1

2 bits

0 1 1 1 0

1 1 1 1 1

1 1 1 1 1

1 0 0 1 0

1 0 0 0 0

1 bits

Original image f is reasonably bright, but gradually the pixels get 

darker as the Grey-level resolution decreases. 
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Effect of grey level resolution  

8 bits 7 bits 6 bits 

5 bits 
4 bits 3 bits 

2 bits 1 bit 0 bits  !!! 
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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. 








