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Chapter 1     Introduction  

One picture is worth more than ten thousand words. 

1.1 What Is Digital Image Processing? 

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

When x , y , and f  are all finite, discrete quantities, we call the 
image a digital image. 

The field of digital image processing refers to processing digital 
images by means of a digital computer. 

A digital image is composed of a finite number of elements, each 
of which has a location and value. These elements are called pixels. 

Unlike humans, who are limited to the visual band of electromagnetic 
(EM) spectrum, imaging machines cover almost the entire EM
spectrum, ranging from gamma to radio waves. 

There is no general agreement among authors regarding where image 
processing stops and other related areas, such as image analysis and 
computer vision, starts.  

Although there are no clear-cut boundaries in the continuum from 
image processing at one end to computer vision at the other, one useful 
paradigm is to consider three types of processes in this continuum: 

A low-level process is characterized by the fact that both its 
inputs and outputs are images. 
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A mid-level process is characterized by the fact that its inputs
generally are images, but its outputs are attributes extracted 
from those images. 

The higher-level processes include object recognition, image 
analysis, and performing the cognitive functions associated 
with vision. 

1.2 The Origins of Digital Image Processing? 

One of the first applications of digital images was in the newspaper 
industry, when pictures were first sent by submarine cable between 
London and New York. 

Introduction of the Bartlane cable picture transmission system in 
the early 1920s reduced the time to transport a picture across the 
Atlantic from more than one week to less than three hours.  

Some of the initial problems in improving the visual quality of 
these early digital pictures were related to the selection of 
printing procedures and the distribution of intensity levels. 

The printing method used to obtain Figure 1.1 was abandoned 
toward the end of 1921 in favour of a technique based on 
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photographic reproduction made from tapes perforated at the 
telegraph receiving terminal.  

The early Bartlane systems were capable of coding images in five 
levels of gray. This capability was increased to 15 levels in 1929. 
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The history of digital image processing is tied to the development 
of the digital computer. 

The first computers powerful enough to carry out meaningful 
image processing tasks appeared in the early 1960s. 

In parallel with space applications, digital image processing 
techniques were used in medical imaging, remote Earth resources 
observations, and astronomy in the late 1960s and early 1970s. 

The invention in the early 1970s of computerized axial tomography 
(CAT), also called computerized tomography (CT), is one of the 
most important events in the application of image processing in 
medical diagnosis. 

The field of image processing has grown vigorously since 1960s, 
and the image processing techniques now are used in a broad 
range of applications. 
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Other than the processing intended for human interpretation, 
another important area of applications of digital image processing 
is in solving problems dealing with machine perception. 

Typical problems in machine perception that routinely utilize 
image processing techniques are automatic character recognition, 
industrial machine vision, military recognizance, processing of 
fingerprints, and many other tasks. 

The continuing decline in the ratio of computer price to performance 
and the expansion of networking and communication bandwidth via 
World Wide Web and the Internet have created unprecedented 
opportunities for continued growth of digital image processing. 

1.3 Examples of Field that Use Digital Image Processing 

One of the simplest ways to develop a basic understanding of the 
extent of image processing applications is to categorize images 
according to their source. 

The principal energy source for images in use today is the 
electromagnetic (EM) energy spectrum. 

Electromagnetic waves can be conceptualized as propagating 
sinusoidal waves of varying wavelengths, or they can be though 
of as a stream of massless particles traveling in a wavelike pattern 
and moving at the speed of light. Each massless particle contains 
a certain amount (or bundle) of energy. 
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Gamma-Ray Imaging 

Major uses of imaging based on gamma rays include nuclear 
medicine and astronomical observations. 

Images are produced from emissions collected by gamma ray 
detectors. 

Figure 1.6 shows some examples of gamma-ray imaging. 



GACS-7205-001 Digital Image Processing                                         Page 
(Fall Term, 2022-23)

7

X-Ray Imaging 

X-rays are among the oldest sources of EM radiation used for 
imaging. 

Figure 1.7 shows some examples of X-ray imaging. 
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Imaging in the Ultraviolet Band 

Applications of ultraviolet “light” are varied. They include 
lithography, industrial inspection, microscopy, lasers, biological 
imaging, and astronomical observations. 

Figure 1.8 shows some examples of ultraviolet imaging. 
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Imaging in the Visible and Infrared Bands 

The infrared band often is used in conjunction with visual 
imaging. 

Figure 1.9 shows some examples of images obtained with a light 
microscope. 

Another major area of visual processing is remote sensing, which 
includes several bands in the visual and infrared regions of the 
spectrum. 
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Table 1.1 shows the so-called thematic bands in NASA’s 
LANDSAT satellite. 

The primary function of LANDSAT is to obtain and transmit 
images of the Earth from space for purposes of monitoring 
environmental conditions of the planet. 

Figure 1.10 shows one image for each of the spectrum bands in 
Table 1.1. 
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Weather observation and prediction also are major applications of 
multi-spectrum imaging from satellites. 

Figure 1.11 is an image of Hurricane Katrina. 

Figure 1.12 and Figure 1.13 show an application of infrared 
imaging. These images are part of the Nighttime Lights World 
data set, which provides a global inventory of human settlements. 
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A major area of imaging in the visual spectrum is in an automated 
visual inspection of manufactured goods. 

Figure 1.14 shows some examples. 
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Figure 1.15 shows some additional examples of imaging in the 
visual spectrum. 
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Imaging in the Microwave Band 

The dominant application of imaging in the microwave band is 
radar. The unique feature of imaging radar is its ability to collect 
data over virtually any region at any time, regardless of weather 
or ambient lighting conditions. 

Figure 1.16 shows a spaceborne radar image. 
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Imaging in the Radio Band 

The major applications of imaging in the radio band are in 
medicine and astronomy. 

In medicine, radio waves are used in magnetic resonance imaging 
(MRI). 

Figure 1.17 shows MRI images of a human knee and spine. 

Figure 1.18 shows the images of the Crab Pulsar covering the 
electromagnetic spectrum. 
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Examples in which Other Imaging Modalities Are Used 

Although imaging in the EM spectrum is dominant by far, there 
are a number of other imaging modalities that also are important. 

Imaging using “sound” finds application in geological exploration, 
industry, and medicine. 

Figure 1.19 shows a cross-sectional image of a seismic model. 

In Figure 1.19, the arrow points to a hydrocarbon (oil and/or gas) 
trap. This target is brighter than the surrounding layers because 
the change in the target region is larger. 

The best-known ultrasound imaging applications are in medicine, 
especially in obstetrics, where unborn babies are imaged to 
determine the health of their development. 
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Figure 1.20 shows some examples of ultrasound imaging. 
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1.4 Fundamental Steps in Digital Image Processing 

Figure 1.23 shows a brief overview of the material in the 
textbook. 
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1.5 Components of an Image Processing System 


