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 Abstract:
          A Few decades ago, image processing was done largely in the analog domain, chiefly by optical 
Devices. These optical methods are still essential to applications such as holography because they are 

Inherently parallel, however due to the significant increase in computer speed, these techniques are
 Increasingly being replaced by digital image processing methods. Digital image processing has a 

become a vast domain for modern signal technologies. Hence its applications pass for simple aesthetical 

considerations and they include medical imagery ,television and multimedia signals. It allows one to enhance 
image features of interest while attenuating detail irrelevant to a given application. And then extract useful 
information about the scene from the enhanced image. Digital image processing is a subset of the electronic 
domain wherein the image is converted to an array of small integers, called pixels, representing a physical 
quantity such as scene radiance, stored in a digital memory, and processed by computer or other digital 

hardware. Digital image processing, either as enhancement for human observers or performing autonomous 
analysis, offers advantages in cost, speed, and flexibility, and with the rapidly falling price and rising 
performance of personal computers it has become the dominant method in use. An image is digitized to convert 
it to a form which can be stored in a computer's memory or on some form of storage media such as a hard disk 
or CD-ROM. This digitization procedure can be done by a scanner, or by a video camera connected to a frame 
grabber board in a computer. Once the image has been digitized, it can be operated upon by various images 
Processing operations.  Image processing operations can be roughly divided into three major categories, Image 
Compression, Image Enhancement and Restoration, and Measurement extraction. 
                   Putting it all together often a complete digital image processing system combines many of the image

Enhancement and analysis methods. In the broadest sense image processing is any form of information 
processing for which both input and output are images, such as photographs or frames of images. Most image 
processing techniques involve treating  the images as a two dimensional signal and applying standard signal 

processing techniques to it. further details of image processing can be knowing about digital image processing.
With the fast computers and signal processors available in the 2000s, digital image processing has become the 

Most common form of image processing , and is generally used because it is not only most versatile method, 

But also the cheapest. So digital image processing remains a challenging domain of programming.
Introduction:
                  Digital image processing is a broad field with extensive literature. This introduction could only 

summarize some of the more important methods in common use and may suffer from a bias towards industrial 

applications. 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 required to transport a picture across the 
Atlantic from more than a week to less than three hours. Specialized printing equipment coded pictures 

for cable transmission and then reconstructed them at the receiving end. 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 early Bartlane systems were capable of coding images in five distinct levels of gray. 

This capability was increased to 15 levels in 1929.  Although the examples just cited involve digital 
images, they are not considered digital image processing results in the context of our definition because 
computers were not involved in their creation. Thus, the history of digital image processing is intimately 
tied to the development of the digital computer. In fact, digital images require so much storage and 
computational power that progress in the field of digital image processing has been dependent on the 
development of digital computers and of supporting technologies that include data storage, display, and 
transmission. However, the basis for what we call a modern digital computer dates back to only the 1940s 

with the introduction by John von Neumann of two key concepts:
(1)a memory to hold a stored program and data, and

(2) Conditional branching.

          These two ideas are the foundation of a central processing unit (CPU), which is at the heart of 

The Computers today .starting with Von Neumann, there were a series of key advances that led to  

Computers powerful enough to be used for digital image processing. Concurrent with these advances 
Were developments in the areas of mass storage and display systems, both of which are fundamental 

Requirements for digital image processing. Like transistor. Cobal, IC’s, OS, microprocessor, IBM, and, VLS 

In parallel with space applications, digital image processing techniques began in the late 1960s and early 

1970 to be used in medical imaging, remote Earth re- sources observations, and astronomy. From the 

1960s until the present, the field of image processing has grown vigorously. In addition to applications in 
medicine and the space program, digital image processing techniques now are used in a broad range of 

applications. In archeology, image processing methods have successfully restored blurred pictures that were 

the only available records of rare artifacts lost or damaged after being photographed. In physics and 

related fields, computer techniques routinely enhance images of experiments in areas such as high-energy 

Plasmas and electron Microscopy. Similarly successful applications of image processing concepts can be 

Found in astronomy, Biology, nuclear medicine, law enforcement, defense, and industrial applications.
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, and 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 amplitude values of 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. Note that a digital image is com- posed of a finite 

number of elements, each of which has a particular location and value. These elements are referred to as 

picture elements, image elements, pixels, and pixels. Pixel is the term most widely used to denote the

elements of a digital image .Vision is the most advanced of our senses, so it is not surprising that 

images play the single most important role in human perception. However, unlike humans, where 

limited to the visual band of the electromagnetic (EM) spectrum, imaging machines cover almost the 

entire EM spectrum, ranging from gamma to radio waves. They can operate on images generated by 

sources that humans are not accustomed to associating with images. These include ultra- sound, 

electron microscopy, and computer-generated images. Thus, digital image Processing encompasses a 

wide and varied field of applications.
                Sometimes a distinction is made by defining image processing as a discipline in which both 

the input and output of a process are images. We believe this to be a limiting and somewhat artificial 

boundary. For example, under this definition, even the trivial task of computing the average intensity of 

an image (which yields a single number) would not be considered an image processing operation. On the 

other hand, there are fields such as computer vision whose ultimate goal is to use computers to 

Emulate human vision, including learning and being able to make inferences and take actions based on 

visual inputs. This area itself is a branch of artificial intelligence (AI) whose objective is to emulate 

Human intelligence. There are no clear-cut boundaries in the continuum from image processing at one 

end to computer vision at the other. However, one useful paradigm is to consider three types of 

computerized processes in this continuum low-, mid-, and high-level processes. We see that a logical 

place of overlap  between image processing and image analysis is the area of recognition of individual 

Regions or objects in an image. As will become evident shortly, digital image processing, as we have 

defined it, is used success- fully in a broad range of areas of exceptional social and economic value.
Explaining digital image processing:

               The term digital image processing generally refers to processing of  a two-dimensional picture by a 

digital computer. In a broader context, it implies digital processing of any two-dimensional data. A digital 

image is an array of real or complex numbers .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, sonar, and acoustic image processing, robotics, and automated  

industrial parts. 

             Interest in digital image processing methods stems from two principal application areas: 

Improvement of pictorial information for human interpretation; and processing of image data for storage, 

Transmission and representation for autonomous machine perception.
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                                  A Typical Digital Image Processing Sequence

    Fundamental steps in digital image processing:
· Image acquisition is the first process 

· Image enhancement is among the simplest and most appealing areas of digital processing. Basically 
      the Idea behind enhancement techniques is to bring out detail that is obscured ,or simply to highlight               

      Certain Features of interest in an image. A familiar example of enhancement is when we increase the 

      contrast of an   image because “it looks better”. It is important to keep in mind that enhancement is a 

      very subjective area of Image processing.

· Image restoration is an area that also deals with improving the appearance of an image
· Color image processing is an area that has been gaining in importance because of the significant 

            increase  in the use if digital images over the internet 

· Wavelets are the foundation for representing images in various degrees of  resolution. Infact, not even 

      all those module are needed in some cases. For example, image enhancement for human visual 

      interpretation seldom requires use of any of the other stages In general, however complexity of an      

      Image processing task increases, so does the number of processes required to solve the problem

Processing methods:
             Digital image processing techniques are generally more versatile, reliable, and accurate; they have the

 additional benefit of being easier to implement than their analog counterparts. Specialized hardware is still 

Used for digital image processing: computer architectures based on pipelining have been the most 

Commercially successful. There are also many massively parallel architectures that have been developed for 

the purpose. Today, hardware solutions are commonly used in video processing systems. However, 

commercial image processing tasks are more commonly done by software running on conventional personal 

Computers. Following are the techniques involved in processing.
  1. Image representation and modeling

  2. Image enhancement

  3. Restoration

  4. Image analysis

  5. Image reconstruction

  6. Image data compression

  IMAGE REPRESENTATION AND MODELLING:  

           In image representation one is concerned with characteristics of the quantity that each picture -

Element (also called pixel) represents. An image could represent luminances of objects in a scene,

The absorption characteristics of the body tissue (x-ray imaging) , the radar cross section of a target (rador 

Imaging), the temperature profile of a region (Infrared imaging) , or the gravitational field in an area  ( in 

Geophysical imaging). An important consideration in image representation is the fidelity or the 
Intelligibility criteria for measuring the quality of an image or the performance of a processing technique. 
 Specifications of such measures require models of perception of contrast, spatial frequencies, color and so on.
                                                  Image representation and modeling
            

  IMAGE ENHANCEMENT: 
        In image enhancement, the goal is to attenuate certain image features for subsequent analysis or for 

Image display. Image enhancement is useful in feature extraction, image analysis, and visual 

information display. The enhancement process itself does not increase the inherent information content 

in the data. It simply emphasizes certain specified image characteristics. Enhancement algorithms are 

generally interactive and application–dependent. 
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  IMAGE RESTORATION:

              Image restoration refers to removal or minimization of known degradations in an image. This includes 

Deblurring of images degraded by the limitations of a sensor or its environment, noise filtering, and correction 

Of Geometric distortion or non-linearties due to sensors. Consequently, restoration techniques often depend
Only on the class or ensemble properties of a data set, whereas image enhancement techniques are much more 

Image dependent conversion.    
I
                                              


                Digital image restoration system


IMAGE ANALYSIS: 
         Image analysis is concerned with making quantitative measurements from an image to produce a 

description of it. In the simplest form this task could be reading a label on a grocery item, sorting different

Parts on an assembly line or measuring the size and orientation of blood cells in a medical image. More 

advanced image analysis systems measure quantitative information and use it to make a sophisticated

 decision, such as controlling the arm of a robot to move an object after identifying it or navigating an aircraft

With the aid of images acquired along its trajectory.
IMAGE RECONSTRUCTION: 

         Image Reconstruction from projections is a special case of image restoration problems where a two (or 

Higher) dimensional object is reconstructed from several one-dimensional projections .Each projection is 

Obtained by projecting a parallel X-ray (or other penetrating radiation) beam through the object. Planar 

Projections are thus obtained by viewing  the object from many different angles. Reconstruction algorithms 

Derive an image of a thin axial slice of the object ,giving an inside view otherwise unobtainable without 

performing extensive surgery. Such techniques are important in medical imaging (CT scanners), astronomy,

 Radar imaging, geological exploration, and non destructive testing of assemblies.

 IMAGE DATA COMPRESSION:
          The amount of data associated with visual information is so large that its stored would require 

Enormous storage capacity .Although the capacities of several storage media are substantial ,their access 
Speeds are usually inversely proportional to their capacity. Typical television images generate data rates

Exceeding 10 million bytes per second .There are other image sources that generate even higher data rates. 

Image data compression techniques are concerned with reduction of the number of bits required to store or 

transmit images without any appreciable loss of information.
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  Components Of an image system:
 As recently as the mid – 1980s, numerous models of image processing systems being sold through out the 
World were rather substantial peripheral devices that attached to equally substantial host computers. Late in the 
1980s and early in 1990s the market shifted to image processing hardware in the form of single boards 
designed to be compatible with industry standard buses and to fit in to engineering work station cabinet and 
personal computers.  
               Although large-scale image processing system still  are being sold for massive imaging applications, such as processing of satellite images, the trend continues towards miniaturizing and blending of general purpose small computers with specialized image processing hardware.  The function of each component starts with image sensing .With reference to sensing, two elements are required to acquire digital images.  The first is a physical device that is sensitive to the energy radiated by the object we wish to image.  The second, called a digitizer, is a device for converting the out put of the physical sensing device into digital form. For instance, in a digital video camera, the sensors produce an electrical output proportional to light intensity.  The digitizer converts these outputs to digital data

             Specialized image processing hardware usually consists of the digitizer just mentioned, plus hardware 

That performs other primitive operations, such as an arithmetic logic unit (ALU), which performs arithmetic 

and logical operation in parallel on entire images.  
COMMONLY USED SIGNAL PROCESSING TECHNIQUES:

                                                                                                                    .

  Most of the signal processing concepts that apply to one-dimensional signals also extend to the two-

dimensional image signal. Some of these one-dimensional signal processing concepts become significantly 

more complicated in two-dimensional processing. Image processing brings some new concepts, such as 

Connectivity and rotational invariance, that are meaningful only for two-dimensional signals. The Fourier 

Transform using coherent optics or digital fast Fourier transforms , is often used for image processing 

operations  involving large-area correlations.

ONE DIMENSIONAL TECHNIQUES:

· Resolution

· Dynamic range

· Bandwidth

· Filtering 

· Differential operators

· Edge detection

· Domain modulation

· Noise reduction
TWO DIMENSIONAL TECHNIQUES:

· Connectivity

· Rotational invariance

· Scale-space representation    

  TYPICAL PROBLEMS:

·  Geometric transformations such as enlargement, reduction, and rotation 

·  Color corrections such as brightness and contrast adjustments, quantization, or 

             Conversion to a different color space 

·  Registration (or alignment) of two or more images 

· Combination of two or more images, e.g. into an average, blend, difference, or image composite 

            Interpolation, demos icing , and recovery of a full image from a RAW image format  like a Bayer filter                      

            pattern 
· Segmentation of the image into regions

                           As recently as the mid-1980 numerous models of image processing systems being sold 

  throughout the world were rather substantial peripheral devices that attached to qually Substantial host 
  Computers. Late in the 1980s and early in the 1990s the market shifted to image processing hardware in the 
  Form of single boards designed to be compatible with industry standard buses and to fit into engineering 
  workstation cabinets and personal computers in addition to lowering costs, this markets  shift also served as a 
  catalyst for a significant number of new companies whose specialty is the development of software written 
  specifically for image processing. Although Large- Scale Image Processing Systems Still Are Being Sold For 

  Massive imaging applications such a processing of satellite image the trend continues toward 

  Miniaturizing and blending of general purpose small computers with specialized image 

  Processing hardware.

             With reference to sensing two elements are required to acquire digital images the first is a 

physical device tat is sensitive to the energy radiated by the object we wish to image the second called a 

digitizer, is a device for converting the output of the physical sensing device into digital form. for instance ,in a 

digital video camera, the sensors products an electrical output proportional to light intensity. The digitizer 

converts these outputs to digital data. Specialized image processing hardware usually consists of the digitizer 

just mentioned plus hardware that performs other primitive operations, such as arithmetic logic unit 

(ALU), which performs arithmetic and logical operations in parallel on entire images.

Examples of fields that use digital image processing:

                Today, there is a almost no area of technical endeavor that is not impacted in some way 

by digital image processing. The areas of application of digital image processing are so varied that some form 

of organization of desirable in attempting to capture the breadth of this field. 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 (e.g., visual x-ray, and so on).

Applications of image processing:
· Photography and printing

· Satellite image processing

· Medical image processing           
· Face detection, feature detection, face identification.
· Microscope image processing

· Car barrier detection

   Main application of image processing is face detection as a pattern-classification task:

                     Many algorithms including the ones mentioned in this articles external links section – implant 

the face- detection tasks as a binary pattern-classification task. that is the content of a given part of an image is 

transformed into features, after which a classifier trained on example faces decides whether that particular  

region of the image is a face, or not. Often, a window-sliding technique is employed. that is, the above 

mentioned classifier is used to classify the (usually) square or rectangular ) portions of in image ,at all locations 

and scales, as either faces or non –faces (background pattern).

Challenges in pattern classification for face detection:
A given natural image often contains many more background patterns than face patterns indeed, the number of 

background patterns may be 1,000 to 100,000 times larger than the number of face patterns .this means that if 

one desires a high face- detection rate, combined with a low number of false detections in an image, one needs a 

very specific classifier. Publications in the field (including the two in this article’s external links section) often 

use the rough guideline that a classifier should yield a 90% detection rate combined  with a false –positive ( or 

Type I error) rate in the order of 10.

Conclusion:

             Finally we conclude that digital image processing is a rapidly evolving field with growing applications 

in science and engineering. This technology holds the possibility of developing the ultimate machine in the 

future that would be able to perform the visual functions. Many theoretical as well as technological 
breakthroughs are required before we could build such a machine. In the mean time, there is abundance of 
image processing applications that can serve mankind with the available and anticipated technology in the near 
future. Today, Image processing is considered to be one of the most rapidly evolving areas of information 
technology. It has growing applications in all areas of business.  It also forms a core area of research within the 
computer science and engineering disciplines at most of the top universities and institutes in the US and other 
developed countries. Digital image processing has a become a vast domain for modern signal  technologies. 
Hence its applications pass for simple aesthetical considerations as such it forms the basis for all 

kinds of future visual automation.
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