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PREFACE

“Digital Image Processing” is now-a-days a demanding and interesting field. It is a core subject
for Electronics and Communication and Computer Engineering. On the other hand it is the interdis-
ciplinary subject that is a part of different branches of engineering. This shows the importance of the
subject.

But the deficiency of this area is that there are very few books available in the market for a general
Indian student. I have tried here to represent all the fundamentals of Digital Image Processing in an
easy way.

Here we start the discussion with the chapter 1 that deals with Fundamentals of Image Processing.
Here we will discuss some familiar examples of Image Processing, Components of Image Processing
System and Generation of Digital Image. Chapters 2 and 3 deal with Image Enhancement Techniques in
Spatial Domain and Frequency Domain respectively. Image Enhancement is the most demanding field
and mostly applicable area of Image Processing.

In the next chapter, we discuss Image Restoration. The image is degraded due to noise that is to be
restored at the receiver side by using different filtering methods. Till this chapter, we have discussed
the gray level image. In chapter 5, these concepts of Gray Images are explained for Color Image.

Next chapter deals with Morphological Image Processing. From this chapter onwards, we consider
the features and attributes of an Image. Chapter Registration deals with transformation of image at
different planes for different purposes. In next chapter, we discuss the Image Segmentation that is very
important and fundamental step of image processing. By the chapter Data Compression, we become
familiar with the data compression techniques that will help us to save the bandwidth and space.

Now we got the features and attributes of an image, but these are not ready for the use. Chapter
Feature Extraction and Description deals with the way to represent and describe these features and
attributes of an image for the use in computer and other applications. In the last chapter Object
Recognition, I conclude with final representation, description and comparing of image features and
attributes for different applications.

I definitely must not say that I have explained any extraordinary and new area of Image Process-
ing in this book. But I have tried to explain all the best and recent ideas of this field at a place. I
explained all those areas in which the students feel uneasy. I feel grateful if this book helps to all the
respected faculty members and my dear students to study this subject with interest. I have put my
best efforts in bringing this book to you. Any suggestion regarding the improvement of this book will
be appreciated. I will feel happy to get the suggestions and queries of all and try to solve them as early
as possible.

—Author
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The basic aim of study of digital image processing is to process the image (in digital form) for—

1. improvement of image for human interpretation and
2. processing of image data for storage, presentation and transmission of image by machine.

1.1 DEFINITION OF IMAGE AND DIGITAL IMAGE PROCESSING

Before studying digital image processing, first of all we should be cleared about image.

“An image may be defined as a two dimensional function f (x, y), where x and y are spatial (plane)
co-ordinates. The amplitude of ‘f’ at any pair of co-ordinate (x, y) is called the intensity ‘or’ gray level
of the image at that point”.

When (x, y) and amplitude values of ‘f’ are all finite, discrete quantities, we call the image a digital
image.

Now we should define digital image processing. Digital image processing  may be defined as a

1. “Discipline in which both input and output of a process are image”.
and

2. “Process of extracting attributes from images (up to the level till we are able to recognize the individual
object)”.

1.2 EXAMPLES OF DIGITAL IMAGE PROCESSING

For human being, the meaning of an image is to see an image by eyes. But unlike humans, who are
limited to the visual band of electromagnetic (EM) spectrum, imaging covers almost the entire EM
spectrum ranging from gamma to radio waves. Examples are ultrasound, X-Rays, electron
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microscopy, computer generated images etc. Thus we conclude that digital image processing has a
wide area of study. That’s why here we will study some practical examples of digital image processing.

So to study systematically, first of all we should know about electromagnetic spectrum of radiations.

Energy of one photon (ev)

106 10–6105 10–5104 103 102 101 10–1 10–2 10–3 10–4 10–7 10–8 10–9

Gamma
rays

x-rays Microwave Radio waves

Ultraviolet

Visible
Infrared
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Now we can study the practical examples of each part of EM spectrum.

1. Gamma Rays : Gamma rays are basically used in nuclear medicine and astronomical obser-
vations. In nuclear medicine, patient is injected with a radioactive isotope that emits gamma
rays as it decays. Now these emissions are collected by gamma ray detector thus an image is
produced.

2. X-ray Imaging : The uses of X-rays are very well-known in medical diagnostics. But they are
also used in industries and astronomy.
Basic method of taking X-rays images can be explained as follows :
(a) In a vacuum tube, we have a cathode and anode. Cathode is heated that causes the emis-

sion of electrons. Now these electrons hit the anode and causes the emission of X-rays.
(b) Number of X-rays can be controlled by current applied to cathode and energy of X-rays

can be controlled by positive voltage applied to anode. According to energy of X-rays,
rays will penetrate in the body of patient.

(c) When X-rays passes through the body of patient, intensity of X-rays is varied and the
resulting energy falling on the film develops image by same method as photographic film.

3. Ultraviolet Rays : The area of application of ultraviolet rays includes lithography, micros-
copy, lasers, biological imaging, astronomical observation etc.
Ultraviolet rays is not visible, but when a photon of ultraviolet radiations collides with an
electron in an atom of fluorescent material, it elevates the electron to a higher energy level and
when electron returns back to real energy level, it emits visible light (radiations).

4. Visible and Infrared Rays : The infrared band is used along with visible band. The area of
application of this combination includes light microscopy, remote sensing, industry etc.
Here in the given table, we will get some interesting use of visible band.

Table 1.1 Bands and Application

Band No. Name Wavelength (�m) Characteristics and Uses

1. Visible Blue 0.45 – 0.52 Maximum water penetration

2. Visible Green 0.52 – 0.60 Good for measuring plant vigor

3. Visible Red 0.63 – 0.69 Vegetation discrimination

4. Near Infrared 0.76 – 0.90 Biomass and shoreline mapping

5. Middle Infrared 1.55 – 1.75 Moisture content of soil and vegetation

6. Thermal Infrared 10.4 – 12.5 Soil moisture and thermal mapping
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5. Microwave Rays : The well-known area of application of microwave rays is ‘Radar’. By radar
imaging, we can collect data over any region at any time regardless of weather ‘or’ ambient
lighting conditions.

6. Radio Waves : As at the one end we use gamma for medicine and astronomy, radio waves are
also used marjorly in medical and astronomy. The most well-known application of radio
waves in medical field is Magnetic resonance imaging (MRI).
In this technique (MRI), we place a patient in a powerful magnet and passes radio waves
through body of patient in the form of short pulses. Each pulse causes a responding pulses of
radio waves to be emitted by the patient’s tissues. The location from which these signals
originated and their strength are determined by a computer.
Thus we have concluded all the major applications of image processing.

1.3 FUNDAMENTAL STEPS IN DIGITAL IMAGE PROCESSING

Till now, it should be clear that the area of digital image processing is very broad. To study the digital
image processing, the whole process has been divided into some fundamental steps as shown in
Figure 1.2.

Output of these processes are generally images
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Now let us define the each step one by one.

1. Image Acquisition : This is the first step of digital image processing. Definitely first step of digital
image processing should be sensing of an image. So in an image acquisition, image is sensed by
‘illumination’ from source and ‘reflection’ or ‘observation’ from sensors. It will also involves prepro-
cessing, such as scaling. Example of image acquisition is to take an image by a camera.

2. Image Enhancement : After taking an image, it is some time required to highlight certain
features of image. So image enhancement is simply to highlight certain features of image.
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