          FINGERPRINT  IMAGE ENHANCEMENT

AND 

FEATURE EXTRACTION

BY

M.SAKTHI PRIYA

06PCA22

PROJECT WORK SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF COMPUTER APPLICATIONS

DEPARTMENT OF COMPUTER SCIENCE

AVINASHILINGAM UNIVERSITY FOR WOMEN

COIMBATORE – 641043

APRIL – 2009

CERTIFICATE

                  This is to certify that this project entitled “FINGERPRINT IMAGE ENHANCEMENT AND FEATURE EXTRACTION”, done by M.Sakthipriya (06PCA22) has been submitted to Avinashilingam University for Women, Coimbatore-43 in partial fulfillment of the requirement for the award of the degree of Master of Computer Applications. This project has not found the basis for the award of any Degree / Diploma / Assosciateship / Fellowship or similar title to any candidate of any other University.

Certified as a bonafide record of the work submitted for the viva voce held on 

________________2009.

Head of the Department                                                                                        Guide

Internal Examiner                                                                             External Examiner

DECLARATION

I hereby declare that this project work entitled “Fingerprint image enhancement and feature extraction”, is a record of the original work done by me under the guidance of            Dr.I.Elizabeth shanthi Msc.,M.Phil.,Ph.D., Department of Computer Science, Avinashilingam University for Women, Coimbatore – 43, in partial fulfillment of the award of the degree of Master of Computer Science. It is also declared that this doesn’t form the basis for the award of any Degree / Diploma / Associateship / Fellowship in any other University and it is not similar to one submitted by any other candidate.

  Signature of the Guide                                                         Signature of the Candidate

ACKNOWLEDGEMENT

 I would like to express my sincere thanks to God Almighty, for his constant love and grace that he has showered upon me.

I am very grateful to Thiru. T. K. Shanmuganandam B.A., B.L., Chancellor, Avinashilingam University for Women, Coimbatore, for his support and encouragement during the course of my study.

I heartily thank Dr. Saroja Prabhakaran M.A., Dip.Ed., Ph.D., Vice Chancellor, Avinashilingam University for Women, Coimbatore, for extending all resources that facilitated the conduct of the present study.

I express my humble gratitude to Dr. Gowri Ramakrishnan M.Sc., M.Phil., Ph.D., Registrar, Avinashilingam University for Women, Coimbatore, for providing all facilities necessary for the study.

I am also thankful to Dr. R. Parvatham M.Sc., Dip.Ed., M.Phil., Ph.D., Dean,   Faculty of Science, for granting the facility required.

I wish to place on record my deep sense of gratitude to Professor Dr. G. Padmavathi M.Sc., M.Phil., Ph.D., Head of the Department of Computer Science, for providing all the facilities and encouragement to complete the project.

I take this unique opportunity to express my sincere thanks to my project coordinator, Dr.Vasantha Kalyani David M.Sc., M.Phil(Maths)., M.Phil(Computer Science)., Ph.D., Reader , Department of Computer Science, for her kind advice, knowledgeable suggestion and unbending support which helped me complete my project successfully.

I am indebted to my project guide, Dr. I.Elizabeth shanthi Msc., M.Phil.,Ph.D for imparting the tremendous assistance and well timed support for the triumph of my project.

My sincere thanks extended to Teknoturf, IBM Authorized Training Partner, Coimbatore, for providing me an opportunity to undergo my project work in their concern and assisting me during the project phase.

I have great pleasure in expressing my gratefulness to all other staff and non teaching staff who stood behind the screen in the making of the project.

I would extend my hearty thanks to one and all who have helped me directly or indirectly for the successful completion of my project.

Last yet importantly, I would like to sincerely thank my parents, friends and all my well wishers for their kind inspiration. 

SYNOPSIS
                                  The main objective of the work titled “Fingerprint image enhancement and feature extraction” is automatic and reliable extraction of minutiae from fingerprint images. Fingerprints are the oldest and most widely used form of biometric identification. However, fingerprint images are rarely of perfect quality. They may be degraded and corrupted due to variations in skin and impression conditions. Thus, image enhancement techniques are employed prior to minutiae extraction to obtain a more reliable estimation of minutiae locations.




The quality of input fingerprint plays an important role in the performance of automatic identification and verification algorithms. This project uses a fast fingerprint enhancement and feature extraction algorithm which improves the clarity of the ridge and valley structures of the input fingerprint images based on the frequency and orientation of the local ridges and thereby extracting correct minutiae and storing it in database which can be used for fingerprint verification process.
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1. INTRODUCTION
        This section describes about the problem definition, overview of the project and the organization for which the project is developed and used.

1.1 Problem definition:


Generally, the fingerprint matching algorithms may be classified as: minutiae-based and correlation based. The minutiae based systems extract the unique feature of any fingerprint namely the minutiae points i.e., ridge ending, bifurcation and their direction in respect to the reference point. In such systems, the important point is determination of these points reliably. Therefore, in the case of poor quality images, an enhancement is required. For a reliable matching, various preprocessing steps may have to be applied for noise removal to determine the minutiae points accurately .Post-processing also has to be performed to avoid the detection of spurious minutiae or extra minutiae, as such errors also propagate to the verification stage.


This project presents effective image enhancement techniques for improving the quality of the fingerprint image along with which the unwanted noise due to dirt, etc., can be eliminated and feature extraction techniques for extracting the minutia features from the fingerprint image by reducing the extraction of false minutia points which can then be used for the fingerprint verification process.
1.2 Overview of the Project:
               This project provides the implementation of a fingerprint image enhancement and feature extraction algorithm. The quality of the ridge structures in a fingerprint image is important characteristics. This regularity facilitates the detection of ridges and consequently, allows minutiae to be precisely extracted from the thinned ridges. However, in practice, a fingerprint image may not always be well defined due to elements of noise that corrupt the clarity of the ridge structures. This corruption may occur due to variations in skin and impression conditions such as scars, humidity, dirt, and non-uniform contact with the fingerprint capture device. 
               Thus, image enhancement techniques i.e., Histogram equalization are often employed to reduce the noise and enhance the definition of ridges against valleys. The final image enhancement step typically performed prior to minutiae extraction is thinning. Thinning is a morphological operation that successively erodes away the foreground pixels until they are one pixel wide which is carried out using Hilditch Thinning Algorithm, Hit and Miss Algorithm. The application of the thinning algorithm to a fingerprint image preserves the connectivity of the ridge structures while forming a skeletonized version of the binary image. This skeleton image is then used in the subsequent extraction of minutiae. 
                        The most commonly employed method of minutiae extraction is the Crossing Number (CN) concept. The minutiae are extracted by scanning the local neighborhood of each ridge pixel in the image using a 3*3 window and then stored into the fingerprint database.

1.3 Organization Profile



Founded in 1997, Teknoturf currently is a highly reputed organization in the software training and consulting space. Technical excellence, commitment, ethics and value for people are the pillars on which the organization is built. Its deep engagement with IBM and TCS, two of the world’s best known companies for business excellence, has helped it nourish its value system.



Teknoturf’s training solutions include Technology & Product Training, Training for Entry Level Associates, Curriculum Design, Content Development, Career Education and providing Training Infrastructure. The organization’s commitment to IBM technologies has helped it win multiple IBM BP awards during the last 10 years.



With training facilities at Coimbatore and Bangalore, Teknoturf trains an average of around 750 people on any given day. It also works closely with select colleges and universities and assists them in making their students ready for the IT industry. On the consulting front, Teknoturf primarily focuses on IBM technologies and works with IBM and GBM in providing solutions to customers in India and the UAE.
2. SYSTEM CONFIGURATION

This section describes the hardware and software specifications needed for both development and implementation phases of this project.

2.1 Hardware Specification

Processor

 : Intel Pentium IV

Speed
                         : 1.60 GHz.

RAM

             : 256 MB

Hard Disk Drive          : 80 GB

Floppy Drive
             : 1.44 MB

Monitor

 : Acer 513  

Keyboard

 : Lenovo

Printer

             : Epson Stylus

2.2 Software Specification

Editor


 : Visual Studio 2005

Frontend                       : C#

Backend

  : SQLServer 2005

Operating System         : Windows XP

2. About the Software

Visual Studio2005



Microsoft Visual Studio is a complete set of development tools for building desktop applications, ASP.NET web applications, XML Web services and mobile applications. Visual Basic, Visual C++, Visual C# and Visual J# all use the same integrated development environment (IDE), which allows them to share tools and facilitates in the creation of mixed-language solutions.

C#



   C# is a simple, modern, object oriented language derived from C++ and Java. This project is developed using C# Windows Application as it combines the high productivity of Visual Basic and the raw power of C++.The language has been based according to the current trend and is very powerful and simple for building interoperable, scalable and robust applications. 
Advantages:

· XML documentation generated from source code comments. 

· Language support for unsigned types. 

· C# inherits some of it's characteristics from C++ and also is an object oriented language. C# has the functionality of Java, Delphi and Visual Basic and it a very strong language.

· The using statement, which makes unmanaged resource disposal simple. 

· Explicit interface implementation, where an interface which is already implemented in a base class can be re-implemented separately in a derived class. 

ADO.NET


 ADO.NET provides consistent access to data sources such as Microsoft SQL Server, as well as data sources exposed through OLE DB and XML. It includes .NET Framework data providers for connecting to a database, executing commands, and retrieving results. Those results are either processed directly, or placed in an ADO.NET Data Set object in order to be exposed to the user in an ad-hoc manner, combined with data from multiple sources, or remote between tiers. The ADO.NET Data Set object can also be used independently of a .NET Framework data provider to manage data local to the application or sourced from XML.

          The Data Table is independently serializable and can be used in both web service and remoting scenarios. In addition to now supporting the Merge method, the stand-alone Data Table also supports new ADO.NET 2.0 features added to the DataSet. A DataSet object represents a schema (either an entire database or a subset of one). It can contain tables and relationships between those tables.


SQL SERVER 2005



  This successor to SQL Server 2000 included native support for managing XML data, in addition to relational data.



  The SQL Server Management Studio is a one point access to a number of services; the relational database, the Integration services, Analysis services, Reporting services, Notification Services and SQL Mobile. Using this interface DBAs can author or execute a query view server objects, manage an object, monitor system activity or even 
seek online help. As it is integrated with source control, scheduling of SQL Server Agent jobs also becomes possible. Daily maintenance and operation tasks can be monitored.

Features of SQL Server 2005

· Security is provided by means of that the data stored in a database is protected against any kind of unauthorized users or against a misuse.

· It also has the scalability, availability and security features required to operate as the data storage components of the largest web sites.

· Large memory support that allows it to scale to the performance levels required by the largest websites.

· Tables and columns in a SQL database can have long, descriptive names. as a result, most SQL statements” say what they mean “and can be read as clear, natural sentences.

· SQL Server 2005 Analysis Services moves into the realm of real- time analytics. From scalability enhancements to deep integration with Microsoft Office.
Windows XP



Windows XP is more simple, reliable and secure to use. Windows XP is a line of operating systems developed by Microsoft for use on personal computers, including home and business desktops, notebook computers, and media centers. 
            The name "XP" stands for eXPerience. Windows 2000 doesn’t use 9X kernel, which is the core of the operating system, it have NT (new technology) kernel. The difference between two is stability. Windows NT and windows 2000 have dramatically increased the stability. Microsoft windows XP Professional is more compatible and more powerful than any other workstation used previously.

Features of windows XP

· Easy to use

· Easy to manage

· More compatible

· More powerful.

· Efficient management of files and folders.

· Internet and communication support.

· More compatible

Windows XP Professional offers increased compatibility with different types of networks and with a wide array of legacy hardware and software.

For all our computing needs, Windows XP Professional provides: 

· Industrial-strength reliability. 

· The highest level of security. 

· Powerful performance. 

3. SYSTEM STUDY AND ANALYSIS

                              System study is concerned as the comparative study about the existing system and the proposed system, in which the need for development will be analyzed. It involves the study of existing system to understand how they function. From this we come to know what the system has and what it does not. Once we have this knowledge we can identify what the new system should include. After this the new system is discussed and the various requirements are listed and the work moves to the development phase.

3.1 Existing system
   In the existing system, the skeleton of one object in a scene is paid more attention such as recognizing handwriting or printed characters. The generation of a digital skeleton is often one of the first processing steps taken by a computer vision system when attempting to extract features from an object in an image. In such situations, the thickness of the pattern strokes will not contribute to the recognition process. So many techniques are used to reduce the thickness of the pattern strokes. Thinning is the process of deleting pixels in a pattern image as many as possible without affecting the general shape of the pattern. In other words, a skeleton is left after thinning which can represent the shape of the object in a relatively small number of pixels. 
Demerits of Existing system:
· The thickness of the images is not properly reduced so that the extraction of feature may not be accurate.
· And while extracting the features from the fingerprint image, it is noted that false minutia points are extracted. 
· Feature extraction is not absolute so verification process becomes tedious.
3.2 Proposed system



The proposed system, uses two thinning algorithm that considerably reduces the thickness of the image wherein the noise may also be removed. The quality of the ridge structures in a fingerprint image is an important characteristic, as the ridges carry the information of characteristic features required for minutiae extraction. Ideally, in a well-defined fingerprint image, the ridges and valleys should alternate and flow in locally constant direction. This regularity facilitates the detection of ridges and consequently, allows minutiae to be precisely extracted from the thinned ridges. However, in practice, a fingerprint image may not always be well defined due to elements of noise that corrupt the clarity of the ridge structures. This corruption may occur due to variations in skin and impression conditions such as scars, humidity, dirt, and non-uniform contact with the fingerprint capture device. 
Merits of proposed system:
· Image enhancement techniques are often employed to reduce the noise and enhance the definition of ridges against valleys. 
· The existing feature extraction algorithm is modified so that the edges of the images will be not enrolled in the extraction process resulting in false minutia points.
3.3 Feasibility study

                   Feasibility study is a system proposal according to its workability, impact on the operation, ability to meet user needs and efficient use of resources. The considerations involved in the feasibility analysis are.

· Identification of user requirements and the benefits expected by the user from the resulting system

· Finding out the various alternatives available.

· Defining the ingredients and objectives involved in the project

· Providing technical, economic, operational feasibility of the proposed system

· Identifying whether the proposed system could meet the end needs of the users.

There are three aspects in the feasibility study portion of the preliminary investigation.

·  Economic Feasibility

·  Behavioral Feasibility

·  Technical Feasibility

3.3.1 Economic feasibility

An economic feasibility considers the investment and operating costs, the time value of money, risk and uncertainty, quality of available data, and the sensitivity of assumptions. The project has been analyzed for its economic feasibility, and it was analyzed that it is affordable and beneficial in case of cost.
3.3.2 Behavioral feasibility

Behavioral feasibility is a study that addresses the human issues of a proposed systems development project emphasis on the working environment. This project is designed in such a way that even the unknown other than research people could understand the system.

3.3.3 Technical feasibility

Technical Feasibility emphasis on to the existing system and to what extent it can support the existing system. This project is a technically feasible system. All the resources needed for research work of the project were available in the company. All the components were available and were working perfectly.

4. SYSTEM DESIGN

            System design refers to the description of a new system based on the information that is collected during the analysis phase and the process by which it is developed. It is the creative process of inventing and developing new inputs, database procedures and outputs to meet the system objectives. System design builds on the information gathered during system analysis. It describes what output is to be produced, in what format, what input should be fed to obtain the required output, format of the input, etc.


System design is a part of the system development process. It refers to the process of planning of an entirely new system or one to replace or enhance an existing one. System design encompasses the following steps:

· Review of appropriate

· Determining the requirements for a new system

· Design the new system.

4.1 Structure Design



The Structural design of a project involves the system flow of a project; the system flow contains various phases of the project.



Initially the fingerprint image is acquired, which is taken into the system as the input flow. This input is preprocessed in the next stage of preprocessing; the output 
of the preprocessed data is taken as the input for the feature extraction process. In Feature Extraction stage the minutiae features are extracted and are stored in the template database which then can be used for fingerprint matching process. 

4.2 Input Design


          The input design is the process of converting the user-oriented description of inputs to a computer based programmed oriented specifications. This is used for further processing to obtain meaningful information that helps in decision making. The quality of the input determines the format and validation criteria for data entering to the system. 
The input image is acquired from the main menu using File-open option
Image Acquisition

      This option selects the fingerprint image from the database by the user which may in any of three image format (i.e., TIF, BMP and JPEG). The size of the fingerprint images in our database is 225x225 pixels. 
4.3 Output Design

  Computer output is the most important and direct source of information. Output design is a process that involves designing the necessary outputs that have to be given to various users according to their requirements. The data produced as output should be 
accurate and more reliable and the output must furnish the relevant data. Without the reliable output, the user may feel that the entire system is unnecessary and avoid using it.

The main objective of this project is to extract minutiae feature from the fingerprint image. This project concerns with the outputs at each stage, which would be fed into the successor modules as their inputs.

The outputs involved in the project are as follows:

· Preprocessing

· Feature Extraction

Preprocessing

The preprocessing method involves various functions like improving the contrast of the fingerprint images. And after which thinning process of deleting pixels in a pattern image as many as possible without affecting the general shape of the pattern takes place.

Feature extraction

 
The preprocessed image is passed as input to this menu and after performing the feature extraction technique, the minutiae features are extracted from the image and is given as output which is then stored into the database.

 




5. SYSTEM DEVELOPMENT

System development is a series of operations performed to manipulate data to produce output from a computer system. The principle activities performed during the development phase can be divided into a major related sequence. They are

· Internal

· External

The major internal system development activities done for the system are computer program development and performance testing.

The major external system development activities done are planning and implementation.

5.1 Modules and Module Description

The project consists of mainly 2 modules namely,

· Image Preprocessing

· Feature Extraction

5.1.1 Image preprocessing



  The goal of image processing stage is to filter, binarize, enhance and skeletonized the original gray-level image. A critical step in automatic fingerprint matching is to automatically and reliably extract minutiae from the input fingerprint images. However, the performance of a minutiae extraction algorithm relies heavily on the quality of the input fingerprint images. In order to ensure that the performance of an automatic fingerprint identification/verification system will be robust with respect to the quality of the fingerprint images, it is essential to incorporate a fingerprint enhancement algorithm in the minutiae extraction module
Histogram Equalization
 

Histogram equalization is the technique by which the dynamic range of the histogram of an image is increased. Histogram equalization assigns the intensity values of pixels in the input image such that the output image contains a uniform distribution of intensities. 

The probability ’p’ of an occurrence of a pixel of level i in the image is
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n represents the total  number of pixels
                                         L represents the 256 pixel value.

‘c’ as the cumulative distribution function corresponding to p is found to find the maximum range value from[0,255] which is defined by:
[image: image2.png]



Cdf   is cumulative distribution function
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M, N represents the number of pixel in a rows and columns

                         L represents the value 256 pixel value.

Each pixel is assigned a new intensity value based on its previous intensity level. Once this is done then the values of the equalized image are directly taken from the normalized cdf to yield the equalized values. This method is also known as back projection as the newly generated values are restored back to the original image. 

Binarization


The simplest property that pixels in a region can share is intensity. So, a natural way to segment such regions is through thresholding, the separation of light and dark regions. Thresholding creates binary images from grey-level ones by turning all pixels below some threshold to zero and all pixels about that threshold to one. Binarization is a process of converting gray-scale image into a binary image represented by 1’s and 0’s.Global threshold Algorithm is used for performing binarization. Looking at each pixel on the fingerprint image and deciding whether it should be converted to black(0) or white(1) i.e., to 0 or 1 from grey level to black and white image each pixel is compared with the threshold value to make decision. If the pixel value is less than the threshold level then the pixel value is set to Zero; otherwise it is set to 1.which is enrolled in the thinning process.  
If g(x, y) is a threshold version of f(x, y) at some global threshold T,

[image: image1.png]


g(x, y) =    1 if f(x, y) ≥ T

             0 otherwise
Thinning

         Thinning is a process of deleting pixels in a pattern image as many as possible without affecting the general shape of the pattern. For a pixel to be deleted, the following conditions must hold

•  The pixel is not an endpoint.

•  The removal does not break the connectedness of the skeleton.

•  The removal does not cause excessive erosion of the region.
A pixel p0 is defined to have at least one pixel in its eight-connectivity neighborhood that belongs to the background.
[image: image4.emf]
Eight-connectivity neighborhood

The algorithms used for thinning process are Hilditch algorithm and Hit and Miss Algorithm. 
                             There are two versions for Hilditch's algorithm, one using a 4x4 window and the other one using a 3x3 window. In this project, the 3x3 window version is considered, in which a set of 8-neighbourhood of a center pixel p0 is defined. For the pixel p0, the aim of thinning algorithm is to decide whether to keep it as part of the result skeleton or delete it from the image. For this purpose, the 8 neighbors of pixel p0 must be investigated, when pixel p0 is part of a skeleton, pixel p0 will be deleted or not deleted according to the 5 conditions. 
They are 

i) The pixel p0 is part of a skeleton.
ii)  It will not be deleted when pixel p0 is boundary of one skeleton. 

iii)  It will not be deleted when pixel p0 is isolate pixel.
iv)  It will not be deleted when pixel p0 is a connective pixel. 

v)  Only one side will be deleted when the width of skeleton is two pixels.
                       At one pass all pixels are checked at the same time and decisions are made whether to delete each of the checked pixels. The process will be repeated several times until no more changes are done.


Next thinning algorithm used is the Hit and Miss Algorithm, purpose of which is to detect certain patterns in a binary image, using a structuring element containing 1's, 0's and blanks for don't care. The structuring element is used as a template that slides over the binary image and the pixel corresponding to the center of the template 
is set to 1 if the template matches the image or 0 otherwise. The four structuring elements can detect corners of four different orientations. The final result is an OR of four images each obtained by one of the four structuring elements. This is an iterative process containing repeated steps to thin the shape. After each such iteration, the elements are rotated to identify and remove other edge pixels in different orientations. The process continues until no further edge pixels can be identified, and the shape has been thinned to 
a skeleton. In each iteration, some different structuring elements are used to identify the edge pixels to be removed, followed by the actual removal of them:
[image: image5.png]


 
        Where  Ik  is the image after k iterations,  oi(Ik)  is the application of a structuring element  oi  to    Ik  ,and     Ik - I1k   is a set subtraction.

5.1.2 Feature Extraction

 
         In image processing, feature extraction is a special form of dimensionality                                                                                                                                                                                                              reduction. When the input data to an algorithm is too large to be processed and it is suspected to be notoriously redundant then the input data will be transformed into a reduced representation set of features (also named features vector). 
                      After the fingerprint image has been binarized, enhanced and thinned, it will be fed to the feature extraction stage. The goal of this stage is to extract the minutiae point from the thinned image. 

               Minutiae points are essentially the endings and bifurcations of the ridgelines that constitute a fingerprint. The basic properties of a minutia are type, position 
and direction as shown in Figure. The minutiae type can be either ridge ending or ridge bifurcation. The direction of a minutia is, in this system, defined to be the angel of the vector that starts in the minutia and ends in the eight pixel of the ridge that the minutia belongs to. In the bifurcation case, the vector that has the largest angel to the other two vectors is selected as the direction of the minutia.
[image: image6.emf]
The basic properties of minutiae
  The Crossing Number (CN) method is used to perform minutiae extraction. This extracts the ridge endings and bifurcations from the skeleton image by examining the local neighborhood of each ridge pixel using a 3 x 3 window. The CN for a ridge pixel p0 is given by 

[image: image7.emf]
Where Pi is the pixel value in the neighborhood of P.
After the CN for a ridge pixel has been computed, the pixel can then be classified according to the property of its CN value.
[image: image8.emf]
              Ridge ending and ridge bifurcation pixel with its corresponding Crossing Number.

The detected ridge ending and bifurcation are marked on the fingerprint image and the minutiae extracted image is then stored in the database that can be enrolled in the fingerprint verification process.
6. TESTING AND IMPLEMENTATION

6.1 Testing

Testing plays vital role in the success of the system. System testing makes a logical assumption that if all the parts of the system are correct, the goal will be successfully achieved. Once program code has been developed, testing begins. Commonly used testing techniques are
· Unit Testing

· Integration Testing

· Validation Testing

6.1.1 Unit testing


Unit test ensures that each unique path of the project performs accurately to the documented specifications and contains clearly defined inputs and expected results. These tests are carried out during the programming stage itself.

In our system each and every phase is considered separately and when unrelated data is given as input an error message is being produced by the system, reporting the status of the error. If the input to the image acquisition phase is not an image then it will display an error message.

6.1.2 Integration Testing

Integration testing is a systematic technique for constructing the program structure while at the same time conducting test to uncover errors associated with interfacing. All the modules were integrated after the completion of unit test. The objective is to take unit testing module and build program structure that has been dictated by design.

In this project all modules are integrated and the values are being passed from one module to another without any errors generated. After preprocessing the image if the user skips the feature extraction phase and moves onto the classification phase then it will result in error. 

6.1.3 Validation Testing


Validation testing is performed in a approach to verify whether the product functions in a reasonably expected manner by the researchers. After the integration of the modules, the validation test is carried out over by the system.


 In this project each and every phase of the work is validated by checking whether the project is being designed in such a way that it performs error free in every phase. It was found that all the modules work well together and meet the overall system function and performance.
6.2 System Implementation

Implementation is a process of bringing a developed system into operation and turning it over to the user. Implementation activities extend from the number of plans. The beginning of the phase is to create the schedule and manage the different activities that must be integrated into plan.

 In implementation phase, the gray-scale fingerprint image of imperfect quality is given as input which is preprocessed to perfect quality and minutiae feature is extracted from the enhanced image.
7. CONCLUSION

         The main focus of this project is to enhance the fingerprint image and extract the minutiae points from the enhanced image. This is done by the image processing and feature extraction stage in the system. The images of imperfect quality are preprocessed and thinned by means of two effective algorithms which are then enrolled in the feature extraction process. Thus minutiae features are effectively extracted from the fingerprint thereby improving the performance of automatic identification and verification algorithms.

           Performing an image processing work has been a learning experience. The project involved important features of C# and SQL Server. This project is developed with the aim of providing fast and efficient information to the researchers of image processing.

8. SCOPE FOR FURTHER DEVELOPMENT

· Additional future plans are to test the program to reduce the percentage of false identifications, and further optimize the program to speed up the identification process. 

· More features that could be added in the future to the fingerprint identification program include: adding additional minutiae to feature extraction, creating different image filters to work with blurred grayscale scale, and add additional structuring elements to line thinning to reduce the number of jagged ridges. 

· Further development of the application could include the use of the identified fingerprints to load other applications, based on the preferences stored in the database. 
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II. Screen Layouts

1. Main form
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2. File-Open option to load an image
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3. Loading an image
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4. Image loaded
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4. Performing Image enhancement
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5. Option for Minutiae extraction
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6. Minutiae feature extracted
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7.Storing image in database
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8. File option to delete stored image
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9. Image deleted using id
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10.  Image deleted from database
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11 Database updated after deletion
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12. Fingerprint image stored in SQL Database
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