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Digital Image Fundamentals 

  

Components of Image Processing System. , Image Sensing and 

Acquisition, Image Sampling & Quantization, Spatial and Gray Level 

Resolution, Basic Relationships between Pixels. Statistical parameters, 

Measures and their significance, Mean, standard deviation, variance, 

SNR, PSNR etc.  
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Introduction 
Signal processing is a discipline in electrical engineering and in mathematics that deals 

with analysis and processing of analog and digital signals , and deals with storing , 

filtering , and other operations on signals. These signals include transmission signals , 

sound or voice signals , image signals , and other signals etc.Out of all these signals , 

the field that deals with the type of signals for which the input is an image and the 

output is also an image is done in image processing. As it name suggests, it deals with 

the processing on images. 

 

It can be further divided into analog image processing and digital image processing. 

Analog image processing 

Analog image processing is done on analog signals. It includes processing on two 

dimensional analog signals. In this type of processing, the images are manipulated by 

electrical means by varying the electrical signal. The common example include is the 

television image.Digital image processing has dominated over analog image processing 

with the passage of time due its wider range of applications. 

Digital image processing 

The digital image processing deals with developing a digital system that performs 

operations on an digital image. 

 

What is an Image 

An image is nothing more than a two dimensional signal. It is defined by the 

mathematical function f(x,y) where x and y are the two co-ordinates horizontally and 

vertically. The value of f(x,y) at any point is gives the pixel value at that point of an 

image. 
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The above figure is an example of digital image that you are now viewing on your 

computer screen. But actually , this image is nothing but a two dimensional array of 

numbers ranging between 0 and 255. 

128 30 123 

232 123 321 

123 77 89 

80 255 255 

Each number represents the value of the function f(x,y) at any point. In this case the 

value 128 , 230 ,123 each represents an individual pixel value. The dimensions of the 

picture is actually the dimensions of this two dimensional array. 

 

Relationship between a digital image and a signal 

Signal 

In physical world, any quantity measurable through time over space or any higher 

dimension can be taken as a signal. A signal is a mathematical function, and it conveys 

some information. A signal can be one dimensional or two dimensional or higher 

dimensional signal. One dimensional signal is a signal that is measured over time. The 

common example is a voice signal. 

The two dimensional signals are those that are measured over some other physical 

quantities. The example of two dimensional signal is a digital image. We will look in 

more detail in the next tutorial of how a one dimensional or two dimensional signals and 

higher signals are formed and interpreted. 

 

Relationship 

Since anything that conveys information or broadcast a message in physical world 

between two observers is a signal. That includes speech or (human voice) or an image 

as a signal. Since when we speak , our voice is converted to a sound wave/signal and 

transformed with respect to the time to person we are speaking to. Not only this , but the 

way a digital camera works, as while acquiring an image from a digital camera involves 

transfer of a signal from one part of the system to the other. 
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How a digital image is formed 

Since capturing an image from a camera is a physical process. The sunlight is used as a 

source of energy. A sensor array is used for the acquisition of the image. So when the 

sunlight falls upon the object, then the amount of light reflected by that object is sensed 

by the sensors, and a continuous voltage signal is generated by the amount of sensed 

data. In order to create a digital image , we need to convert this data into a digital form. 

This involves sampling and quantization. (They are discussed later on). The result of 

sampling and quantization results in an two dimensional array or matrix of numbers 

which are nothing but a digital image. 

Overlapping fields 

Machine/Computer vision 

Machine vision or computer vision deals with developing a system in which the input is 

an image and the output is some information. For example: Developing a system that 

scans human face and opens any kind of lock. This system would look something like 

this. 

 
Computer graphics 

Computer graphics deals with the formation of images from object models, rather then 

the image is captured by some device. For example: Object rendering. Generating an 

image from an object model. Such a system would look something like this. 
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Artificial intelligence 

Artificial intelligence is more or less the study of putting human intelligence into 

machines. Artificial intelligence has many applications in image processing. For 

example: developing computer aided diagnosis systems that help doctors in interpreting 

images of X-ray , MRI e.t.c and then highlighting conspicuous section to be examined 

by the doctor. 

Signal processing 

Signal processing is an umbrella and image processing lies under it. The amount of light 

reflected by an object in the physical world (3d world) is pass through the lens of the 

camera and it becomes a 2d signal and hence result in image formation. This image is 

then digitized using methods of signal processing and then this digital image is 

manipulated in digital image processing. 

 

History of Photography 
Origin of camera 

The history of camera and photography is not exactly the same. The concepts of camera 

were introduced a lot before the concept of photography 

Camera Obscura 

The history of the camera lies in ASIA. The principles of the camera were first 

introduced by a Chinese philosopher MOZI. It is known as camera obscura. The 

cameras evolved from this principle. 

The word camera obscura is evolved from two different words. Camera and Obscura. 

The meaning of the word camera is a room or some kind of vault and Obscura stands 

for dark. 

The concept which was introduced by the Chinese philosopher consist of a device, that 

project an image of its surrounding on the wall. However it was not built by the 

Chinese. 
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The creation of camera obscura 

The concept of Chinese was bring in reality by a Muslim scientist Abu Ali Al-Hassan 

Ibn al-Haitham commonly known as Ibn al-Haitham. He built the first camera obscura. 

His camera follows the principles of pinhole camera. He build this device in somewhere 

around 1000. 

Portable camera 

In 1685, a first portable camera was built by Johann Zahn. Before the advent of this 

device , the camera consist of a size of room and were not portable. Although a device 

was made by an Irish scientist Robert Boyle and Robert Hooke that was a transportable 

camera, but still that device was very huge to carry it from one place to the other. 

Origin of photography 

Although the camera obscura was built in 1000 by a Muslim scientist. But its first actual 

use was described in the 13th century by an English philosopher Roger Bacon. Roger 

suggested the use of camera for the observation of solar eclipses. 

Da Vinci 

Although much improvement has been made before the 15th century , but the 

improvements and the findings done by Leonardo di ser Piero da Vinci was remarkable. 

Da Vinci was a great artist , musician , anatomist , and a war enginner. He is credited 

for many inventions. His one of the most famous painting includes, the painting of 

Mona Lisa. 
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Da vinci not only built a camera obscura following the principle of a pin hole camera 

but also uses it as drawing aid for his art work. In his work , which was described in 

Codex Atlanticus , many principles of camera obscura has been defined. 

 
His camera follows the principle of a pin hole camera which can be described as When 

images of illuminated objects penetrate through a small hole into a very dark room you 

will see [on the opposite wall] these objects in their proper form and color, reduced in 

size in a reversed position, owing to the intersection of rays. 

 

First photograph 

The first photograph was taken in 1814 by a French inventor Joseph Nicephore Niepce. 

He captures the first photograph of a view from the window at Le Gras, by coating the 

pewter plate with bitumen and after that exposing that plate to light. 
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First underwater photograph 

The first underwater photograph was taken by an English mathematician William 

Thomson using a water tight box. This was done in 1856. 

 
The origin of film 

The origin of film was introduced by an American inventor and a philanthropist known 

as George Eastman who is considered as the pioneer of photography. 

He founded the company called as Eastman Kodak , which is famous for developing 

films. The company starts manufacturing paper film in 1885. He first created the camera 

Kodak and then later Brownie. Brownie was a box camera and gain its popularity due to 

its feature of Snapshot. 
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After the advent of the film , the camera industry once again got a boom and one 

invention lead to another. 

 

Leica and Argus 

Leica and argus are the two analog cameras developed in 1925 and in 1939 respectively. 

The camera Leica was built using a 35mm cine film. 

   
Argus was another camera analog camera that uses the 35mm format and was rather 

inexpensive as compared by Leica and became very popular. 

 

Analog CCTV cameras 

In 1942 a German engineer Walter Bruch developed and installed the very first system 

of the analog CCTV cameras. He is also credited for the invention of color television in 

the 1960. 
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Photo Pac 

The first disposable camera was introduced in 1949 by Photo Pac. The camera was only 

a one time use camera with a roll of film already included in it. The later versions of 

Photo pac were water proof and even have the flash. 

 
 

Digital Cameras Mavica by Sony 

Mavica (the magnetic video camera) was launched by Sony in 1981 was the first game 

changer in digital camera world. The images were recorded on floppy disks and images 

can be viewed later on any monitor screen. 

It was not a pure digital camera , but an analog camera. But got its popularity due to its 

storing capacity of images on a floppy disks. It means that you can now store images for 

a long lasting period , and you can save a huge number of pictures on the floppy which 

are replaced by the new blank disc , when they got full. Mavica has the capacity of 

storing 25 images on a disk. 

One more important thing that mavica introduced was its 0.3 mega pixel capacity of 

capturing photos. 
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Digital Cameras 

Fuji DS-1P camera by Fuji films 1988 was the first true digital camera Nikon D1 was 

a 2.74 mega pixel camera and the first commercial digital SLR camera developed by 

Nikon , and was very much affordable by the professionals. 

 
Today digital cameras are included in the mobile phones with very high resolution and 

quality. 

 

Applications and Usage 
Since digital image processing has very wide applications and almost all of the technical 

fields are impacted by DIP, we will just discuss some of the major applications of DIP. 

Digital Image processing is not just limited to adjust the spatial resolution of the 

everyday images captured by the camera. It is not just limited to increase the brightness 

of the photo, etc. Rather it is far more than that. 

Electromagnetic waves can be thought of as stream of particles, where each particle is 

moving with the speed of light. Each particle contains a bundle of energy. This bundle 

of energy is called a photon. 

The electromagnetic spectrum according to the energy of photon is shown below. 
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In this electromagnetic spectrum, we are only able to see the visible spectrum.Visible 

spectrum mainly includes seven different colors that are commonly term as 

(VIBGOYR). VIBGOYR stands for violet , indigo , blue , green , orange , yellow and 

Red. 

But that does not nullify the existence of other stuff in the spectrum. Our human eye can 

only see the visible portion, in which we saw all the objects. But a camera can see the 

other things that a naked eye is unable to see. For example: x rays , gamma rays , etc. 

Hence the analysis of all that stuff too is done in digital image processing. 

 

why do we need to analyze all that other stuff in EM spectrum too? 

The answer to this question lies in the fact, because that other stuff such as XRay has 

been widely used in the field of medical. The analysis of Gamma ray is necessary 

because it is used widely in nuclear medicine and astronomical observation. Same goes 

with the rest of the things in EM spectrum. 

 

Applications of Digital Image Processing 

Some of the major fields in which digital image processing is widely used are 

mentioned below 

 Image sharpening and restoration 

 Medical field 

 Remote sensing 

 Transmission and encoding 
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 Machine/Robot vision 

 Color processing 

 Pattern recognition 

 Video processing 

 Microscopic Imaging 

 Others 

 

Digital image processing has a broad spectrum of applications, such as 

   Remote sensing via satellites and other spacecrafts 

   Image transmission and storage for business applications 

   Medical processing, 

   RADAR (Radio Detection and Ranging) 

   SONAR(Sound Navigation and Ranging) and 

   Acoustic image processing (The study of underwater sound is known as underwater    

acoustics or hydro acoustics.) 

 Robotics and automated inspection of industrial parts. 

 

Images acquired by satellites are useful in tracking of 

 Earth resources; 

 Geographical mapping; 

 Prediction of agricultural crops, 

 Urban growth and weather monitoring 

 Flood and fire control and many other environmental applications. 

Space image applications include: 

 Recognition and analysis of objects contained in images obtained from deep 

space-probe missions. 

 Image transmission and storage applications occur in broadcast television 

 Teleconferencing 

 Transmission of facsimile images(Printed documents and graphics) for office 

automation 
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Communication over computer networks 

 Closed-circuit television based security monitoring systems and 

 In military communications. 

Medical applications: 

 Processing of chest X- rays 

 Cineangiograms 

 Projection images of transaxial tomography and 

 Medical images that occur in radiology nuclear magnetic resonance(NMR) 

 Ultrasonic scanning 

 

IMAGE PROCESSING TOOLBOX (IPT) is a collection of functions that extend the 

capability of the MATLAB numeric computing environment. These functions, and the 

expressiveness of the MATLAB language, make many image-processing operations easy 

to write in a compact, clear manner, thus providing a ideal software prototyping 

environment for the solution of image processing problem. 

 

Components of Image processing System: 

 
Figure : Components of Image processing System 
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Image Sensors: With reference to sensing, two elements are required to acquire digital 

image. The first is a physical device that is sensitive to the energy radiated by the object 

we wish to image and second is specialized image processing hardware. 

 

Specialize image processing hardware: It consists of the digitizer just mentioned, plus 

hardware that performs other primitive operations such as an arithmetic logic unit, which 

performs arithmetic such addition and subtraction and logical operations in parallel on 

images. 

 

Computer: It is a general purpose computer and can range from a PC to a 

supercomputer depending on the application. In dedicated applications, sometimes 

specially designed computer are used to achieve a required level of performance 

 

Software: It consists of specialized modules that perform specific tasks a well designed 

package also includes capability for the user to write code, as a minimum, utilizes the 

specialized module. More sophisticated software packages allow the integration of these 

modules. 

 

Mass storage: This capability is a must in image processing applications. An image of 

size 1024 x1024 pixels, in which the intensity of each pixel is an 8- bit quantity requires 

one Megabytes of storage space if the image is not compressed .Image processing 

applications falls into three principal categories of storage 

i) Short term storage for use during processing 

ii) On line storage for relatively fast retrieval 

iii) Archival storage such as magnetic tapes and disks 

 

Image display: Image displays in use today are mainly color TV monitors. These 

monitors are driven by the outputs of image and graphics displays cards that are an 

integral part of computer system. 

 

Hardcopy devices: The devices for recording image includes laser printers, film 
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cameras, heat sensitive devices inkjet units and digital units such as optical and CD 

ROM disk. Films provide the highest possible resolution, but paper is the obvious 

medium of choice for written applications. 

 

Networking: It is almost a default function in any computer system in use today because 

of the large amount of data inherent in image processing applications. The key 

consideration in image transmission bandwidth. 

 

Fundamental Steps in Digital Image Processing: 
There are two categories of the steps involved in the image processing – 

1. Methods whose outputs are input are images. 

2. Methods whose outputs are attributes extracted from those images. 

 

 
Fig: Fundamental Steps in Digital Image Processing 

Image acquisition: It could be as simple as being given an image that is already in 

digital form. Generally the image acquisition stage involves processing such scaling. 
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Image Enhancement: It is among the simplest and most appealing areas of digital 

image processing. The idea behind this is to bring out details that are obscured or simply 

to highlight certain features of interest in image. Image enhancement is a very subjective 

area of image processing. 

 
Image Restoration: It deals with improving the appearance of an image. It is an 

objective approach, in the sense that restoration techniques tend to be based on 

mathematical or probabilistic models of image processing. Enhancement, on the other 

hand is based on human subjective preferences regarding what constitutes a “good” 

enhancement result. 

 
Color image processing: It is an area that is been gaining importance because of the use 

of digital images over the internet. Color image processing deals with basically color 

models and their implementation in image processing applications. 

 

Wavelets and Multi-resolution Processing: These are the foundation for representing 

image in various degrees of resolution. 

 

Compression: It deals with techniques reducing the storage required to save an image, 

or the bandwidth required to transmit it over the network.  
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It has to major approaches a) Lossless Compression b) Lossy Compression 

 

Morphological processing: It deals with tools for extracting image components that are 

useful in the representation and description of shape and boundary of objects. It is 

majorly used in automated inspection applications. 

 

Representation and Description: It always follows the output of segmentation step that 

is, raw pixel data, constituting either the boundary of an image or points in the region 

itself. In either case converting the data to a form suitable for computer processing is 

necessary. 

 

Recognition: It is the process that assigns label to an object based on its descriptors. It is 

the last step of image processing which use artificial intelligence of software. 

 

Knowledge base: Knowledge about a problem domain is coded into an image 

processing system in the form of a knowledge base. This knowledge may be as simple as 

detailing regions of an image where the information of the interest in known to be 

located. Thus limiting search that has to be conducted in seeking the information. The 

knowledge base also can be quite complex such interrelated list of all major possible 

defects in a materials inspection problems or an image database containing high 

resolution satellite images of a region in connection with change detection application. 

 

A Simple Image Model: 
 

An image is denoted by a two dimensional function of the form f{x, y}. The value or 

amplitude of f at spatial coordinates {x,y} is a positive scalar quantity whose physical 

meaning is determined by the source of the image. When an image is generated by a 

physical process, its values are proportional to energy radiated by a physical source. As a 

consequence, f(x,y) must be nonzero and finite; that is o<f(x,y) <co. 

 The function f(x,y) may be characterized by two components- The amount of the source 

illumination incident on the scene being viewed. 
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(a) The amount of the source illumination reflected back by the objects in the scene 

These are called illumination and reflectance components and are denoted by i(x,y) an r 

(x,y) respectively. 

 

The functions combine as a product to form f(x,y). We call the intensity of a 

monochrome image at any coordinates (x,y) the gray level (l) of the image at that point 

l= f (x, y.) 

L min ≤ l ≤ Lmax 

Lmin is to be positive and Lmax must be finite 

Lmin = imin rmin 

Lmax = imax rmax 

The interval [Lmin, Lmax] is called gray scale. Common practice is to shift this interval 

numerically to the interval [0, L-l] where l=0 is considered black and l= L-1 is 

considered white on the gray scale. All intermediate values are shades of gray of gray 

varying from black to white. 

 

SAMPLING AND QUANTIZATION: 
Image Sampling and Quantization: 

The output of most sensors is a continuous voltage waveform whose amplitude and 

spatial behavior are related to the physical phenomenon being sensed. To create a digital 

image, we need to convert the continuous sensed data into digital form. This involves 

two processes: sampling and quantization. 

 

The basic idea behind sampling and quantization is illustrated in Fig.6.1. Figure 6.1(a) 

shows a continuous image, f(x, y), that we want to convert to digital form. An image 

may be continuous with respect to the x- and y-coordinates, and also in amplitude. To 

convert it to digital form, we have to sample the function in both coordinates and in 

amplitude. Digitizing the coordinate values is called sampling. Digitizing the amplitude 

values is called quantization. The one-dimensional function shown in Fig.6.1 (b) is a plot 

of amplitude (gray level) values of the continuous image along the line segment AB in 

Fig. 6.1(a). 
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The random variations are due to image noise. To sample this function, we take 

equally spaced samples along line AB, as shown in Fig.6.1 (c).The location of each 

sample is given by a vertical tick mark in the bottom part of the figure. The samples are 

shown as small white squares superimposed on the function. The set of these discrete 

locations gives the sampled function. However, the values of the samples still span 

(vertically) a continuous range of gray-level values. In order to form a digital function, 

the gray-level values also must be converted (quantized) into discrete quantities. The 

right side of Fig. 6.1 (c) shows the gray-level scale divided into eight discrete levels, 

ranging from black to white. The vertical tick marks indicate the specific value assigned 

to each of the eight gray levels. The continuous gray levels are quantized simply by 

assigning one of the eight discrete gray levels to each sample. The assignment is made 

depending on the vertical proximity of a sample to a vertical tick mark. The digital 

samples resulting from both sampling and quantization are shown in Fig.6.1 (d). Starting 

at the top of the image and carrying out this procedure line by line produces a two-

dimensional digital image.  

Sampling in the manner just described assumes that we have a continuous image 

in both coordinate directions as well as in amplitude. In practice, the method of sampling 

is determined by the sensor arrangement used to generate the image. When an image is 

generated by a single sensing element combined with mechanical motion, the output of 

the sensor is quantized in the manner described above. However, sampling is 

accomplished by selecting the number of individual mechanical increments at which we 

activate the sensor to collect data. Mechanical motion can be made very exact so, in 

principle; there is almost no limit as to how fine we can sample an image. However, 

practical limits are established by imperfections in the optics used to focus on the sensor 

an illumination spot that is inconsistent with the fine resolution achievable with 

mechanical displacements. When a sensing strip is used for image acquisition, the 

number of sensors in the strip establishes the sampling limitations in one image 

direction. Mechanical motion in the other direction can be controlled more accurately, 

but it makes little sense to try to achieve sampling density in one direction that exceeds 

the sampling limits established by the number of sensors in the other. Quantization of the 

sensor outputs completes the process of generating a digital image. 
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Fig.6.1. Generating a digital image (a) Continuous image (b) A scan line from A to 

B in the continuous image, used to illustrate the concepts of sampling and 

quantization (c) Sampling and quantization. (d) Digital scan line 

 

When a sensing array is used for image acquisition, there is no motion and the number of 

sensors in the array establishes the limits of sampling in both directions. Figure 6.2 

illustrates this concept. Figure 6.2 (a) shows a continuous image projected onto the plane 

of an array sensor. Figure 6.2 (b) shows the image after sampling and quantization. 

Clearly, the quality of a digital image is determined to a large degree by the number of 

samples and discrete gray levels used in sampling and quantization. 

 
Fig.6.2. (a) Continuous image projected onto a sensor array (b) Result of image 

sampling and quantization. 
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Digital Image definition: 

 

A digital image f(m,n) described in a 2D discrete space is derived from an analog 

image f(x,y) in a 2D continuous space through a sampling process that is frequently 

referred to as digitization. The mathematics of that sampling process will be described in 

subsequent Chapters. For now we will look at some basic definitions associated with the 

digital image. 

 
The effect of digitization is shown in figure. 

 

The 2D continuous image f(x,y) is divided into N rows and M columns. The 

intersection of a row and a column is termed a pixel. The value assigned to the integer 

coordinates (m,n) with m=0,1,2..N-1 and n=0,1,2…N-1 is f(m,n). In fact, in most cases, 

is actually a function of many variables including depth, color and time (t). 

 

There are three types of computerized processes in the processing of image 

1) Low level process -these involve primitive operations such as image processing to 

reduce noise, contrast enhancement and image sharpening. These kind of processes are 

characterized by fact the both inputs and output are images. 

2) Mid level image processing - it involves tasks like segmentation, description of those 

objects to reduce them to a form suitable for computer processing, and classification of 

individual objects. The inputs to the process are generally images but outputs are 

attributes extracted from images. 
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3) High level processing – It involves “making sense” of an ensemble of recognized 

objects,as in image analysis, and performing the cognitive functions normally associated 

with vision. 

 

Representing Digital Images: 

We will use two principal ways to represent digital images. Assume that an image f(x, y) 

is sampled so that the resulting digital image has M rows and N columns. The values of 

the coordinates (x, y) now become discrete quantities. For notational clarity and 

convenience, we shall use integer values for these discrete coordinates. Thus, the values 

of the coordinates at the origin are (x, y) = (0, 0). The next coordinate values along the 

first row of the image are represented as (x, y) = (0, 1). It is important to keep in mind 

that the notation (0, 1) is used to signify the second sample along the first row. It does 

not mean that these are the actual values of physical coordinates when the image was 

sampled. Figure 1 shows the coordinate convention used. 

 
Fig 1 Coordinate convention used to represent digital images 

 

The notation introduced in the preceding paragraph allows us to write the complete M*N 

digital image in the following compact matrix form: 
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The right side of this equation is by definition a digital image. Each element of this 

matrix array is called an image element, picture element, pixel, or pel. 

 

 

Spatial and Gray level resolution: 
Spatial resolution is the smallest discernible details are an image. Suppose a chart can be 

constructed with vertical lines of width w with the space between the also having width 

W, so a line pair consists of one such line and its adjacent space thus. The width of the 

line pair is 2w and there is 1/2w line pair per unit distance resolution is simply the 

smallest number of discernible line pair unit distance. 

 

Gray levels resolution refers to smallest discernible change in gray levels. Measuring 

discernible change in gray levels is a highly subjective process reducing the number of 

bits R while repairing the spatial resolution constant creates the problem of false 

contouring. It is caused by the use of an insufficient number of gray levels on the smooth 

areas of the digital image . It is called so because the rides resemble top graphics 

contours in a map. It is generally quite visible in image displayed using 16 or less 

uniformly spaced gray levels. 

 

Image sensing and Acquisition: 

 

The types of images in which we are interested are generated by the combination of an 

“illumination” source and the reflection or absorption of energy from that source by the 

elements of the “scene” being imaged. We enclose illumination and scene in quotes to 

emphasize the fact that they are considerably more general than the familiar situation in 

which a visible light source illuminates a common everyday 3-D (three-dimensional) 
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scene. 

For example, the illumination may originate from a source of electromagnetic energy 

such as radar, infrared, or X-ray energy. But, as noted earlier, it could originate from less 

traditional sources, such as ultrasound or even a computer-generated illumination 

pattern. Similarly, the scene elements could be familiar objects, but they can just as 

easily be molecules, buried rock formations, or a human brain. We could even image a 

source, such as acquiring images of the sun. Depending on the nature of the source, 

illumination energy is reflected from, or transmitted through, objects. An example in the 

first category is light reflected from a planar surface. An example in the second category 

is when X-rays pass through a patient‟s body for the purpose of generating a diagnostic 

X-ray film. In some applications, the reflected or transmitted energy is focused onto a 

photo converter (e.g., a phosphor screen), which converts the energy into visible light. 

Electron microscopy and some applications of gamma imaging use this approach. The 

idea is simple: Incoming energy is transformed into a voltage by the combination of 

input electrical power and sensor material that is responsive to the particular type of 

energy being detected. The output voltage waveform is the response of the sensor(s), and 

a digital quantity is obtained from each sensor by digitizing its response. In this section, 

we look at the principal modalities for image sensing and generation. 

 

 
Fig : Single Image sensor 
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Fig: Line Sensor 

 

 

 

 
Fig: Array. Perhaps sensor 

 

Image Acquisition using a Single sensor: 

 

The components of a single sensor the most familiar sensor of this type is the 

photodiode, which is constructed of silicon materials and whose output voltage 

waveform is proportional to light. The use of a filter in front of a sensor improves 

selectivity. For example, a green (pass) filter in front of a light sensor favors light in the 

green band of the color spectrum. As a consequence, the sensor output will be stronger 

for green light than for other components in the visible spectrum. 
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In order to generate a 2-D image using a single sensor, there has to be relative 

displacements in both the x- and y-directions between the sensor and the area to be 

imaged. Figure shows an arrangement used in high-precision scanning, where a film 

negative is mounted onto a drum whose mechanical rotation provides displacement in 

one dimension. The single sensor is mounted on a lead screw that provides motion in the 

perpendicular direction. Since mechanical motion can be controlled with high precision, 

this method is an inexpensive (but slow) way to obtain high-resolution images. Other 

similar mechanical arrangements use a flat bed, with the sensor moving in two linear 

directions. These types of mechanical digitizers sometimes are referred to as micro-

densitometers. 

 

Image Acquisition using a Sensor strips: 

 

A geometry that is used much more frequently than single sensors consists of an in-line 

arrangement of sensors in the form of a sensor strip, shows. The strip provides imaging 

elements in one direction. Motion perpendicular to the strip provides imaging in the 

other direction. This is the type of arrangement used in most flat bed scanners. Sensing 

devices with 4000 or more in-line sensors are possible. In-line sensors are used routinely 

in airborne imaging applications, in which the imaging system is mounted on an aircraft 

that flies at a constant altitude and speed over the geographical area to be imaged. One 

dimensional imaging sensor strips that respond to various bands of the electromagnetic 

spectrum are mounted perpendicular to the direction of flight. The imaging strip gives 
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one line of an image at a time, and the motion of the strip completes the other dimension 

of a two-dimensional image. Lenses or other focusing schemes are used to project area to 

be scanned onto the sensors. Sensor strips mounted in a ring configuration are used in 

medical and industrial imaging to obtain cross-sectional (“slice”) images of 3-D objects. 

 
Fig: Image Acquisition using linear strip and circular strips. 

 

Image Acquisition using a Sensor Arrays: 

The individual sensors arranged in the form of a 2-D array. Numerous electromagnetic 

and some ultrasonic sensing devices frequently are arranged in an array format. This is 

also the predominant arrangement found in digital cameras. A typical sensor for these 

cameras is a CCD array, which can be manufactured with a broad range of sensing 

properties and can be packaged in rugged arrays of elements or more. CCD sensors are 

used widely in digital cameras and other light sensing instruments. The response of each 

sensor is proportional to the integral of the light energy projected onto the surface of the 

sensor, a property that is used in astronomical and other applications requiring low noise 

images. Noise reduction is achieved by letting the sensor integrate the input light signal 

over minutes or even hours. The two dimensional, its key advantage is that a complete 

image can be obtained by focusing the energy pattern onto the surface of the array. 
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Motion obviously is not necessary, as is the case with the sensor arrangements This 

figure shows the energy from an illumination source being reflected from a scene 

element, but, as mentioned at the beginning of this section, the energy also could be 

transmitted through the scene elements. The first function performed by the imaging 

system is to collect the incoming energy and focus it onto an image plane. If the 

illumination is light, the front end of the imaging system is a lens, which projects the 

viewed scene onto the lens focal plane. The sensor array, which is coincident with the 

focal plane, produces outputs proportional to the integral of the light received at each 

sensor. Digital and analog circuitry sweep these outputs and convert them to a video 

signal, which is then digitized by another section of the imaging system. 

 

The basic relationships and distance measures between pixels in a 

digital image. 
 

Neighbors of a Pixel: 

A pixel p at coordinates (x, y) has four horizontal and vertical neighbors whose 

coordinates are given by (x+1, y), (x-1, y), (x, y+1), (x, y-1). This set of pixels, called the 

4-neighbors of p, is denoted by N4 (p). Each pixel is a unit distance from (x, y), and 

some of the neighbors of p lie outside the digital image if (x, y) is on the border of the 

image. 

The four diagonal neighbors of p have coordinates (x+1, y+1), (x+1, y-1), (x-1, y+1), (x-

1, y-1) and are denoted by ND (p).  

These points, together with the 4-neighbors, are called the 8-neighbors of p, denoted by 

N8 (p). As before, some of the points in ND (p) and N8 (p) fall outside the image if (x, y) 

is on the border of the image. 

 

Connectivity: 

Connectivity between pixels is a fundamental concept that simplifies the definition of 

numerous digital image concepts, such as regions and boundaries. To establish if two 

pixels are connected, it must be determined if they are neighbors and if their gray levels 

satisfy a specified criterion of similarity (say, if their gray levels are equal). For instance, 
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in a binary image with values 0 and 1, two pixels may be 4-neighbors, but they are said 

to be connected only if they have the same value. 

 

Let V be the set of gray-level values used to define adjacency. In a binary image, V={1} 

if we are referring to adjacency of pixels with value 1. In a grayscale image, the idea is 

the same, but set V typically contains more elements. For example, in the adjacency of 

pixels with a range of possible gray-level values 0 to 255, set V could be any subset of 

these 256 values.  

We consider three types of adjacency: 

 

(a)  4-adjacency. Two pixels p and q with values from V are 4-adjacent if q is in the 

set N4 (p). 

 

(b)  8-adjacency. Two pixels p and q with values from V are 8-adjacent if q is in the  

set N8 (p). 

 

(c) m-adjacency (mixed adjacency).Two pixels p and q with values from V are m- 

adjacent if 

(i) q is in N4 (p),or 

(ii) q is in ND (p) and the set has no pixels whose values are from V. 

 

Mixed adjacency is a modification of 8-adjacency. It is introduced to eliminate the 

ambiguities that often arise when 8-adjacency is used. For example, consider the pixel 

arrangement shown in Fig.9 (a) for V= {1}.The three pixels at the top of Fig.9 (b) show 

multiple (ambiguous) 8- adjacency, as indicated by the dashed lines. This ambiguity is 

removed by using m-adjacency, as shown in Fig. 9 (c).Two image subsets S1 and S2 are 

adjacent if some pixel in S1 is adjacent to some pixel in S2. It is understood here and in 

the following definitions that adjacent means 4-, 8-, or m-adjacent.  

A (digital) path (or curve) from pixel p with coordinates (x, y) to pixel q with 

coordinates (s, t) is a sequence of distinct pixels with coordinates where and pixels are 

adjacent for . In this case, n is the length of the path. If (xo, yo) = (xn, yn), the path is a 



VII SEMESTER ELECTRONICS                                                                 Elective – I : Digital Image Processing 

 

Prof. Vijay V. Chakole, Department of Electronics Engineering, KDKCE, Nagpur Page 31 

 

closed path. We can define 4-, 8-, or m-paths depending on the type of adjacency 

specified.  

For example, the paths shown in Fig. 9 (b) between the northeast and southeast 

points are 8-paths, and the path in Fig. 9 (c) is an m-path. Note the absence of ambiguity 

in the m-path. Let S represent a subset of pixels in an image. Two pixels p and q are said 

to be connected in S if there exists a path between them consisting entirely of pixels in S. 

For any pixel p in S, the set of pixels that are connected to it in S is called a connected 

component of S. If it only has one connected component, then set S is called a connected 

set. 

 
Fig.9 (a) Arrangement of pixels; (b) pixels that are 8-adjacent (shown dashed) to the 

center pixel; (c) m-adjacency 

 

Distance Measures: 

For pixels p, q, and z, with coordinates (x, y), (s, t), and (v, w), respectively, D is a 

distance function or metric if 

 
The Euclidean distance between p and q is defined as 

 
For this distance measure, the pixels having a distance less than or equal to some value r 

from(x,y) are the points contained in a disk of radius r centered at (x, y). 

 

The D4 distance (also called city-block distance) between p and q is defined as 
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In this case, the pixels having a D4 distance from (x, y) less than or equal to some value r 

form a diamond centered at (x, y). For example, the pixels with D4 distance ≤ 2 from (x, 

y) (the center point) form the following contours of constant distance: 

 
The pixels with D4 =1 are the 4-neighbors of (x, y). 

 

The D8 distance (also called chessboard distance) between p and q is defined as 

 
In this case, the pixels with D8 distance from(x, y) less than or equal to some value r form 

a square centered at (x, y). For example, the pixels with D8 distance ≤ 2 from(x, y) (the 

center point) form the following contours of constant distance: 

 
The pixels with D8=1 are the 8-neighbors of (x, y). Note that the D4 and D8 distances 

between p and q are independent of any paths that might exist between the points 

because these distances involve only the coordinates of the points. If we elect to consider 

m-adjacency, however, the Dm distance between two points is defined as the shortest m-

path between the points. In this case, the distance between two pixels will depend on the 

values of the pixels along the path, as well as the values of their neighbors. For instance, 

consider the following arrangement of pixels and assume that p, p2 , and p4 have value 1 

and that p1 and p3 can have a value of 0 or 1: 
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Suppose that we consider adjacency of pixels valued 1 (i.e. = {1}). If p1 and p3 are 0, the 

length of the shortest m-path (the Dm distance) between p and p4 is 2. If p1 is 1, then p2 

and p will no longer be m-adjacent (see the definition of m-adjacency) and the length of 

the shortest m-path becomes 3 (the path goes through the points pp1p2p4). Similar 

comments apply if p3 is 1 (and p1 is 0); in this case, the length of the shortest m-path also 

is 3. Finally, if both p1 and p3 are 1 the length of the shortest m-path between p and p4 is 

4. In this case, the path goes through the sequence of points pp1p2p3p4. 
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