
International Journal of computational Engineering 

Research (IJCER) 
ISSN: 2250-3005 

 
VOLUME 2                           May-June 2012                        ISSUE 3 

 

 
 

Email: ijceronline@gmail.com                                        Url : www.ijceronline.com 

International Journal of computational Engineering 

Research (IJCER) 

Editorial Board 
 



 

 

   Editor-In-Chief 

Prof. Chetan Sharma 
Specialization: Electronics Engineering, India 

Qualification: Ph.d, Nanotechnology, IIT Delhi, India 

 

Editorial Committees 

DR.Qais Faryadi 

          Qualification: PhD Computer Science  

Affiliation: USIM(Islamic Science University of Malaysia) 

Dr. Lingyan Cao 

           Qualification: Ph.D. Applied Mathematics in Finance 

     Affiliation:  University of Maryland College Park,MD, US 

      Dr. A.V.L.N.S.H. HARIHARAN 

         Qualification: Phd Chemistry 

      Affiliation: GITAM UNIVERSITY, VISAKHAPATNAM, India 

DR. MD. MUSTAFIZUR RAHMAN 

         Qualification: Phd Mechanical and Materials Engineering 

      Affiliation: University Kebangsaan Malaysia (UKM) 

Dr. S. Morteza Bayareh 

         Qualificatio: Phd Mechanical Engineering, IUT 

Affiliation: Islamic Azad University, Lamerd Branch 

      Daneshjoo Square, Lamerd, Fars, Iran 

Dr. Zahéra Mekkioui 

         Qualification: Phd Electronics  

Affiliation: University of Tlemcen, Algeria 

Dr. Yilun Shang 

         Qualification: Postdoctoral Fellow Computer Science 

      Affiliation: University of Texas at San Antonio, TX 78249 

Lugen M.Zake Sheet 

         Qualification: Phd, Department of Mathematics 

         Affiliation: University of Mosul, Iraq 

Mohamed Abdellatif 

        Qualification: PhD Intelligence Technology 

      Affiliation: Graduate School of Natural Science and Technology 

Meisam Mahdavi 

         Qualification: Phd Electrical and Computer Engineering 

      Affiliation: University of Tehran, North Kargar st. (across the ninth lane), Tehran, Iran 

 



 

 

Dr. Ahmed Nabih Zaki Rashed 

         Qualification: Ph. D Electronic Engineering 

      Affiliation: Menoufia University, Egypt 

Dr. José M. Merigó Lindahl 

         Qualification: Phd Business Administration 

      Affiliation: Department of Business Administration, University of Barcelona, Spain 

Dr. Mohamed Shokry Nayle 

         Qualification: Phd, Engineering 

      Affiliation: faculty of engineering Tanta University Egypt 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Contents : 
S.No. Title Name Page No. 

1 
Image Analysis Techniques for Fingerprint Recognition   

 Vidyadevi G Biradar, H Sarojadevi 606-615 

2 
Computational studies of swirl effects on instabilities and pollutions due to 

non-premixed turbulent combustion 

 Luthenda Gamany, Taha Janan Mourad, Agouzoul Mohamed 

616-627 

3 
Analysis of Skew Bridges Using Computational Methods   
Vikash Khatri, P. R. Maiti, P. K. Singh, Ansuman Kar 

628-636 

4 
 A New Omni-directional Monopole Antenna for Interference Reduction 

T .S. Ghouse Basha, K.Tulasi Krishna, C.Chandrakala, V.Kishore, 

D.Aruna 

637-641 

5 
A Novel Two Stage Binary Image Security System Using (2,2) Visual 

Cryptography Scheme  
Mr. Rohith S, Mr. Vinay G 

642-646 

6 
Numerical Investigation of Secondary Flow In An Axial Flow Compressor 

Cascade  
T. Suthakar, Akash Dhurandhar 

647-656 

7 
 A Modified Marker Controlled Watershed Algorithm With Linear 

Convolution For Medical Image Segmentation 

Brijesh Shah, Jigar Modh, Satish Shah 

657-661
  

8 
Smart Lighting And Control Using Msp430 & Power Line Communication 

Sanjay Belgaonkar, E. Elavarasi, Gurjeet Singh 
662-666 

9 
The e-Health scenario with latest trends in EMR applications: A Review of 

EMR techniques with healthcare framework  

Onkar S Kemkar, Dr P B Dahikar 

667-670 

10 

E-Governance Initiative In Technical Institute – A Case Study Of 

Dr.B.R.Ambedkar Institute Of Technology, Andaman & Nicobar Islands 

(India)  

Utpal Sharma, Sunil Kumar Chakraborty 

671-680                                                                          

11 
Optimal Power Flow Using Differential Evolution Algorithm With 

Conventional Weighted Sum Method  

Rohit Kumar Verma, Himmat Singh, Laxmi Srivastava 

681-685 

12 
Minimization of Reactive Power Using Particle Swarm Optimization  

Vivek Kumar Jain, Himmant Singh, Laxmi Srivastava 
686-691 

13 
 Speaker Recognition System Using Combined Vector Quantization and 

Discrete Hidden Markov model  

Ameen Khan A, N V Uma Reddy, Madhusudana Rao 

692-696 

14 
Design, Implementation and Performance Analysis of an Integrated Vedic 

Multiplier Architecture  
Ramachandran.S, Kirti.S.Pande 

697-703 

15 
Performance Comparison Study Of AODV, OLSR And TORA Routing 

Protocols For MANETS  

Manjeet Gupta, Sonam Kaushik 

704-711 
 



 

 

16 
EIA for Ramapada Sagar (Polavaram) Irrigation Project using the Model of 

RS and GIS 

Sreeramulu. Y, Murali Krishna.I.V 

712-719 

17 
Speaker Features And Recognition Techniques: A Review 

Mrs. Sharada Vikram Chougule, Dr. M S. Chavan 
720-728 

18 
Computing Over a Multi Cloud for MTC Applications 

Challa Vanitha Reddy, Battula Sudheer Kumar 
729-731 

19 
An Overview Of Smart Antennas And Its Techinques Beamforming And 

Diversity 

Suraya Mubeen, Dr.A.M.Prasad, Dr.A.Jhansi Rani 

732-736 

20 
A Comparative Analysis of Fuzzy C-Means Clustering   and  K Means 

Clustering Algorithms 

Mrs. Bharati R.Jipkate, Dr. Mrs.V.V.Gohokar 
737-739 

21 
Performance Analysis of Timing Attack on Elliptic Curve Cryptosystem 

 Mr. Praful V. Barekar, Prof. K. N. Hande 
740-743 

22 
Hand Held Emergency Wireless Telemedicine System 

Suganthi.J. N.V.Umareddy, Sridharan.B 
744-747 

23 
Secure and Reliable Data Transmission in Wireless Sensor Network: A 

Survey 

Rudranath Mitra, Rudranath Mitra, Tauseef Khan 

748-754 

24 
Detection and Classification of Epileptic Seizures using Wavelet feature 

extraction and Adaptive Neuro-Fuzzy Inference System 

Dr. D. Najumnissa, Dr. T. R. Rangaswamy 

755-761 

25 
Customer and User Requirements Modeling  Enhanced Software 

Development 

Tawfik Saeed Zeki 

762-765 

26 
Enhanced Clusterhead Selection Algorithm Using LEACH Protocol for 

Wireless Sensor Networks 

Rudranath Mitra, Anurupa Biswas 

766-770 

27 
Implementing VGA Application on FPGA using an Innovative Algorithm 

with the help of NIOS-II 

Ashish B. Pasaya, Kiritkumar R. Bhatt 

771-775 

28 
Vibration Analysis Of Glass Fiber Reinforced Composites 

R. K. Mishra 
776-789 

29 
Comparitive Study of Advanced Database Replication Strategies 

A. Pramod Kumar, B.Sateesh 
790-794 

30 
Vehicular Number Plate Recognition Using Edge Detection and 

Characteristic Analyisis of National Number Plates 

Bharat Raju Dandu, Abhinav Chopra 

795-799 

31 
Comparative Analysis of Image Registration using SIFT and RANSAC 

method 

Riddhi J Ramani, N.G. Chitaliya 

800-805 

32 
Assessment of Radiation Emission from Waste Dumpsites in Lagos State of 

Nigeria 

Olubosede. O, Akinnagbe .O.B., Adekoya O 

806-811 



 

 

33 
Performance Evaluation of different α value for OFDM System 

Dr. K.Elangovan 
812-818 

34 
Image Segmentation Using Active Contour Model 

Abhinav Chopra, Bharat Raju Dandu 
819-822 

35 
Sbpgp Security Model Using Iodmrp 

Meenakshi Mehla, Himani Mann 
823-828 

36 
Design of Neural Architecture in 0.35μmTechnology Using Analog VLSI 

Mr.Maulik B.Rami, Prof.H.G.Bhatt, Prof.Y.B.shukla 
829-837 

37 
Combining Multimedia Building Blocks In Image Analysis 

P. Shanmugam, Dr. C. Loganathan 
838-842 

38 
An Intrinsic Dislocation Density – Finite Element Formulation Of Metal 

Plasticity 

Njoroge K. D., Mutuli S. M., Kihiu J. M 

843-850 

39 

Dynamic Analysis Of Dislocation Cores In the a- Fe Lattice Using The 

Embedded Atom Model 

K. D. Njoroge, G. O. Rading, J. M. Kihiu, M. J. Witcomb, L. A. 

Cornish 

851-859 

40 
Performance Enhancement in Mobile Computing Using 

Replicated Cache Agent 

Meenakshi Mehla, Reena Dahiya 

860-867 

41 
Oscillation Test Methodology for Built-In Analog Circuits 

Ms. Sankari.M.S and Mr.P.SathishKumar 
868-877 

42 
A new approach Data hiding in 2D data matrix and tilt correction algorithm 

Kimmy Ghanaiya, Gagandeep Kaur 
878-881 

43 
Estimation of the Periods of Occurrence of Spread– F Over Ouagadougou 

Tomiwa, A. C, Adimula, I. A 
882-890 

44 
Application Specific Quality of Service (QoS) Centric Parameters 

Simulation in Wireless Mobile Ad hoc Networks 

Padmashree S, Manoj P B 
891-897 

45 
The Implementation OF Prosthetic Index Finger Based On EMG Signals 

Amanpreet Kaur, Gagandeep Kaur 
898-900 

46 
Design of an Intelligent SMS Based Remote Metering System for AC 

Power Distribution to HT and EHT Consumers 

Mrs. Mahalakshmi N, Mr.KrishnaiahParamesh, Ms. Elavarasi E 

901-911 

47 

A study on strength properties of roller compacted concrete with 30% 

replacement of OPC 53 grade cement by flyash 

Ganapati Naidu. P, B. Jagannadh Kumar, S.Adisesh, 

P.V.V.Satayanarayana 

912-918 

48 
Motion Detection Method to Compensate Camera Flicker Using an 

Algorithm 

Alam Inder Singh, Gagandeep Kaur 

919-922 

49 
An Efficient Approach for Mining Frequent Itemsets with Large Windows 
K Jothimani, S. Antony Selvadoss Thanmani 923-926 



 

 

50 
Recent Developments In Preparation Of Non Conventional Activated 

Carbons 

Prof Shantini Bokil, Prof.Dr.R.K.Rai, Prof.Dr.S.N.Kaul 

927-934 

51 
Credit Card Fraud: Bang in E-Commerce 

Khyati Chaudhary, Bhawna Mallick 
935-941 

52 

Efficient Moving Object Detection Based On Statistical Background 

Modeling 

Kusuma.U, S.T Bibin Shalini 

942-945 

53 

Designing Continuous-Time Observers for Linear Hybrid Systems with 

Application to Three Tank Model 

Mohammad Amin Zahedi Tajrishi, Behrouz Rezaie, Reza Ghaderi 

946-954 

54 
Single Precision Floating Point Divider Design 

Serene Jose, Sonali Agrawal 
955-958 

55 
Improvement in Enhanced Privacy Protection in LBS 

Rashmi Samele, Vivek Singh Senger 
959-963 

56 
Reliability Analysis: The Mathematical Expression 

Pooja Parnami, Ruchi Dave, Neha Singha, Ankur Dutt Sharma 
964-967 

57 
Simulation of Beamforming Solution of Intereference Reduction for 
High Altitude Systems 
Bharati.L.Rathod, Mr.Hemanthkumar.P, Mr.Aaquib.Nawaz.S 

 968-971 

58 
Floating Point Unit Implementation on FPGA 

Deepa Saini, Bijender M’dia 
 972-976 

 



Vidyadevi G Biradar, H Sarojadevi /International Journal Of Computational Engineering Research 

 / ISSN: 2250–3005 

IJCER | May-June 2012 | Vol. 2 | Issue No.3 |606-615                                     Page 606 

 

Image Analysis Techniques for Fingerprint Recognition 
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Abstract 

Fingerprint recognition is a method of biometric authentication that uses pattern recognition techniques based on fingerprints 

image of the individual. Fingerprint patterns are full of ridges and valleys and these structures provide essential information 

for matching and classification. The steps for fingerprint recognition include image acquisition, preprocessing, feature 

extraction and matching. A number of pattern recognition methods have been used to perform fingerprint matching. In this 

paper a survey of fingerprints matching methods are presented, they have been classified into approaches based on minutiae, 

image transform and hybrid approaches, among them minutiae based methods are widely used, and Hybrid methods are used 

for more reliable matching with an additional computational cost. Comparison and contrasting of all these methods reveals 

that a lot of emphasis is put into the design of accurate fingerprint features extractor to improve the classification accuracy. 

Keywords- Fingerprint analysis, Biometrics, Minutiae, Image Transforms, Gabor filter 

1. Introduction 

Biometrics recognition refers to the use of distinctive anatomical and behavioral characteristics or identifiers such as 

Fingerprints, Face, Iris, Voice, Hand geometry etc. for automatically recognizing a person. The human biometrics recognition 

technologies are not only rapidly developed but also widely applied to a variety of works such as safeguarding work, legal 

affairs, personnel authentication, personnel identification, etc.  

 

The advantages of biometric recognition are :1)users do not need to memorize any password,2) users do not need to carry any 

identification card, 3) users cannot deny their biometric identifications, and 4) reduction in a large amount of expenses on 

making personal ID cards or relative documents. Among all the biometrics, fingerprint is the most mature and proven 

technique. A fingerprint is a pattern of ridges and valleys on the surface of the fingertip. 

The formation of fingerprints depends on the initial conditions of embryonic development, and their ridge pattern is 

unchanged throughout the entire life. Both the immutability and the uniqueness properties have determined the use of 

fingerprint matching as one of the most reliable techniques of people identification [1]. A biometric system can be operated in 

two modes:1) verification mode and 2) identification mode. A biometric system operating in verification mode either accepts 

or rejects user claimed identity while a biometric system operating in the identification mode establishes the identity of the 

user without claimed identity information. 

The steps in fingerprint recognition include image acquisition, preprocessing, feature extraction and matching. A fingerprint 

is the pattern of ridges and valleys on the surface of fingertip. Ridges and valleys of the fingerprint often run in parallel and 

sometimes they bifurcate and sometimes they terminate. The fingerprint pattern, when analyzed at different scales, exhibits 

different types of features.  

The paper is organized logically into seven parts: Section II and III discuss fingerprint features and gives brief overview of 

minutiae based matching methods respectively. Section IV discusses the methods based on image transforms. Section V deals 

with Hybrid methods. Section VI reports comparisons and VII indicates conclusions. 

2. Fingerprint Features  

The ridge details of the fingerprint are generally described in a hierarchical order at three different levels i.e., level 1, level 2 
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and level 3 as explained below. 

2.1 Level 1 features 

At the global level, the ridge line flow delineates a pattern similar to one of those shown in Figure 1. Singular points, called 

loop and delta (denoted as squares and triangles, respectively in Figure 1), act as control points. Singular points and coarse 

ridge line shape are useful for fingerprint classification and indexing, but their distinctiveness is not sufficient for accurate 

matching.  

 

Figure1. Loop and delta (singular points) 

2.2 Level 2 features 

At the local level, a total of 150 different local ridge characteristics, called minute details, have been identified so far [1]. 

These local ridge characteristics are not evenly distributed. Most of them depend heavily on the impression conditions and 

quality of fingerprints and are rarely observed in fingerprints. The two most prominent ridge characteristics, called minutiae 

(see Figure 2) are: ridge endings and ridge bifurcations. A ridge ending is defined as the ridge point where a ridge ends 

abruptly. A ridge bifurcation is defined as the ridge point where a ridge forks or diverges into branch ridges. Minutiae in 

fingerprints are generally stable and robust to fingerprint impression conditions. 

 

Figure2. Minutiae and sweat pores 

 

2.3 Level 3 features 

At the very-fine level, intra-ridge details can be detected. These include width, shape, curvature, edge contours of ridges as 

well as other permanent details such as dots and incipient ridges. One of the most important fine-level details is the finger 

sweat pores (see Figure 2), whose positions and shapes are considered highly distinctive [2]. However, extracting very-fine 

details including pores is feasible only in high-resolution (e.g., 1,000 dpi) fingerprint images of good quality and therefore 

this kind of representation is not practical for non-forensic applications. 

The uniqueness of a fingerprint can be determined by the overall pattern of ridges and valleys and local ridge anomalies. 

Although fingerprints possess the discriminatory information, designing a reliable automatic fingerprint matching algorithm 

is a very challenging. As fingerprint sensors are becoming smaller and cheaper, automatic identification based on fingerprints 

id is becoming more attractive alternative, complement to traditional methods of identification. The critical factor in the 
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widespread use of fingerprints is in satisfying the performance (e.g., matching speed and accuracy) requirements of emerging 

civilian identification applications. 

 

Various approaches of automatic fingerprint matching have been proposed in the literature. They include correlation based, 

minutiae based approaches, and image-based approaches as the most prominent classes of fingerprint matching methods. 

 

Fingerprint matching depends on the similarity measure between representative features of fingerprints.  Generally, 

fingerprint recognition is based on a set of relevant local characteristics, such as ridge ending and bifurcation (minutiae). 

Fingerprint classification is based on fingerprint global features, such as core and delta singularity points. Minutiae-based 

matching algorithms are the most well-known and widely used for fingerprint matching. For each minutia three features are 

usually extracted:  type, coordinates and orientation. Generally, fingerprint matching is affected by some common problems: 

too small regions of interest, loss of genuine minutiae, and false minutiae detection. Many approaches have been developed 

to deal with these issues. Following sections will briefly summarize the most effective solutions.    

 

Many approaches to fingerprint recognition have been presented in the literature. Yet, it is still an actively researched field. 

Existing approaches can be summarized into four different categories: Minutiae based methods, approaches based on filter, 

image transform based approaches, hybrid approaches and others. However, many new approaches sprouting out are mainly 

beyond categorization or a combination of the categories. The steps for fingerprint recognition include image acquisition, 

preprocessing, feature extraction and matching.  

 

2.4 Performance metrics 

Commonly used performance metrics are percentage of recognition accuracy, speed, percentage of False Acceptance 

Ratio(FAR) and percentage of False Rejection Ratio(FRR)  and Receiver Operating Characteristics(ROC) curves. FAR is 

the probability that the system incorrectly matches the input fingerprint to a non-matching template in the database. It 

measures the percent of invalid inputs which are incorrectly accepted. FRR is the probability that the system fails to detect a 

match between the input fingerprint and a matching template in the database. It measures the percent of valid inputs which 

are incorrectly rejected. ROC plot is a visual characterization of the trade-off between the FAR and the FRR.  

 

3. Brief Overview of Minutiae Based Matching Methods 

Minutiae based techniques are most widely used automatic fingerprint recognition techniques. These first locate the minutiae 

points and then match their relative placement in a given finger and the stored template.  Minutiae are the local ridge 

anomalies – ridge bifurcation or ridge endings etc., [5].The most common minutiae are shown in the Figure 3. 

 

Figure3. Seven most common minutiae 

 

A majority of the existing fingerprint recognition algorithms are based on matching minutia features. Therefore, minutiae 

extraction is one of the critical steps in fingerprint verification algorithms. Due to different properties of fingerprint sensors and 

different conditions under which a fingerprint is scanned, the quality of a fingerprint image can vary greatly. Poor quality 
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fingerprint images lead to missing and spurious minutiae that degrade the performance of the matching system.  

 

Minutiae  extraction algorithms [5] produce a large number of spurious minutiae such as break, spur, bridge, merge, triangle, 

ladder, lake, island, and wrinkle, as shown in Figure 4. Therefore, reliably differentiating spurious minutiae from genuine 

minutiae in the post-processing stage is crucial for accurate fingerprint recognition. The more spurious minutiae are eliminated, 

the better the matching performance will be. In addition, matching time will be significantly reduced because of the reduced 

minutiae number. This is very important since the execution time is a critical parameter in an automatic fingerprint recognition 

system. Lot of emphasis is given to minutiae post processing techniques. 

 

Figure4. Examples of spurious minutiae 

 

Researchers have proposed ideas to reduce spurious minutiae. Paper [3] presents a set of algorithms for the extraction of 

minutiae from skeletonized binary images which perform well on dirty areas and spurious minutiae are reduced by bridge 

cleaning based on ridge positions. Several post-processing techniques to efficiently remove spurious minutiae including bridge, 

triangle, ladder, and wrinkle all together are proposed in [4], the experimental results showed that false minutiae rate drops 

56.5% after post-processing. Approaches based on neighborhood information are dealt in [5] where matching of two 

fingerprints is done based on minutiae neighborhood information using directionally selective steerable wedge filters, and 

Gabor expansion. The area around the core point is treated as the area of interest for extracting the minutiae features as there are 

substantial variations around the core point as compared to the areas away from the core point. Paper [6] considered the 

probability distribution of minutiae and achieved classification accuracy of 86.57%.  

 

Authors of paper [7] have combined texture information and neighboring minutiae to obtain a descriptor which is used for 

minutiae matching. Paper [8] presents a concept of Eigen-codebook for the minutiae verification mechanism of fingerprint 

image. Principal component analysis (PCA) is applied to find the optimal projection bases for true minutiae regions and false 

minutiae regions. 

 

Minutiae are difficult to be extracted robustly in low quality images and easily lead to false recognition, to effectively 

strengthen the performance of fingerprints matching other discriminatory features can are combined with minutiae feature.  In 

[9] minutiae features and their invariant moments are used as a feature set to match the template and input fingerprint. Paper [11] 

introduces a fingerprint matching algorithm using both ridge features (ridge count, ridge length, ridge curvature direction, and 

ridge type) and the minutiae feature to increase the recognition performance against nonlinear deformation in fingerprints. 

Paper [10] proposes an algorithm which divides fingerprint images into two concentric circular regions – inner and outer – 

based on the degree of distortion. The algorithm assigns weightages for a minutiae–pair match based on the region in which the 

pair exists. Minutia extractor is built in [12], minutia marking is done by the average inter-ridge width, minutia unification by 

decomposing a branch into three terminations and matching in the unified x-y coordinate system and in combination alignment 

based elastic matching algorithm used which is capable of finding the correspondences between minutiae without resorting to 
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exhaustive research. 

  

Many other approaches exist in the literature - paper[13] introduces a method of robust minutiae matching based on 

comprehensive minutiae and binary relation between minutiae; paper [14] proposes a method of minutiae extraction 

considering additional attributes like orientation field and quality map. Minutiae scoring technique is introduced in [15] for 

fingerprint; paper [16] presented a method of feature extraction using minutiae spectral features; paper [17] has presented a 

method of fingerprint matching based on five nearest neighbors of center minutiae in the first stage and second stage 

matching is based on fuzzy logic. Gabor basis functions are used to extract discontinuous points in the fingerprint image and 

classify the points into core, deltas and minutiae in [18].  

 

4. Methods Based on Image Transforms 

Minutia based approaches are the most popular ones being included in almost all contemporary fingerprint identification and 

verification systems. Although rather different from one other the minutiae-based approaches require extensive preprocessing 

operations in order to reliably extract the minutia features. The preprocessing operations include image enhancement, 

orientation flow estimation, ridge segmentation, ridge thinning, and minutiae detection. In addition, a minutiae purification 

stage is also required in order to reduce the number of false minutiae erroneously detected in noisy fingerprint images. 

Image-based approaches do not use the minutiae features for fingerprint matching. They are usually applied directly onto the 

grayscale fingerprint image without pre-processing, and hence they may achieve higher computational efficiency than 

minutiae- based methods. In addition, the image-based approaches may be the only choice to match fingerprints which have 

too low image quality to allow reliable minutiae extraction. The main disadvantage of image-based approaches consists in 

their limited ability to track with variations in position, scale and orientation angle. Usually the variation in position between 

the two fingerprints is cancelled by choosing a reference point in each fingerprint. Such reference point may be the core point 

which can be detected using for example methods like those proposed in [23]. Image based approaches include methods 

based on optical correlation and transform based features. The following papers discuss mainly on image transform based 

methods. 

 

Fingerprint recognition based on features extracted from the wavelet transform of the discrete is image is achieved in [19] [21]. 

A rectangular region around a core point is cropped and wavelet transformation is applied, the energy of different sub bands 

give information regarding the ridge spatial frequency as well as the ridge orientation and this information is represented based 

on standard deviation of each wavelet sub image. [20] proposed an algorithm for fingerprint identification using wavelet 

packet analysis as best basis selection. Each fingerprint is decomposed using two directional wavelet packet family 

corresponding to different scales. The energy distribution or the fingerprint in each sub band is extracted as a feature for 

identification. Critical wavelet coefficients are selected to form a feature vector of the fingerprint. In [22] algorithm based on 

the wavelet transform, and the dominant local orientation which is derived from the coherence and the gradient of Gaussian. 

Multiresolution descriptors for fingerprint recognition are presented in [23].  Firstly it computes the Discrete Fourier 

Transform (DFT) for the given fingerprint image then transform it to polar coordi

pattern as origin, then apply the Fourier transform along the axis of polar angle θ and the wavelet transform along the axis of 

radius r. The features thus obtained are invariant to translation, rotation, and scaling. Haar wavelet decomposition [24] is taken 

on the fingerprint images and then, after the decomposition, the matching is carried out over the Gabor features extracted from 

the detailed sub-images. [27] Developed fingerprint recognition method using Haar wavelet transform and achieved 

verification rate of 82.08 overall verification rate (Genuine Acceptance Rate) even by rotating each fingerprint image form 0° 

to 360° in steps of 10° each with FAR of 0.5. Authors have noted that features extraction time per fingerprint image is 0.58 sec. 

Fingerprint matching is also experimented using combined approaches where minutiae features are combined with the wavelet 
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based features such a method is applied in [25]. An approach proposed in [26] towards fingerprint recognition is based on 

wavelet domain features. The 64-subband structure of the FBI (Federal Bureau of investigation) fingerprint compression 

standard is used to directly extract the wavelet features of the fingerprint image. Paper [28] describes the fingerprint 

verification based on wavelet transform and the local dominant orientation. Daubechies wavelet is used to decompose the 

fingerprint image. The local dominant orientation is computed using the coherence, results show 85 percent genuine acceptance 

rate at 6 percent FAR. 

Three different types of transforms,   Discrete Cosine Transform (DCT), Fast Fourier Transform (FFT) and Discrete Wavelet 

Transform (DWT) are used in [29] to create feature vector for fingerprints and are used in matching. First a core point is 

identified and then around it a image of size 64X64 is cropped in the fingerprint image The transform is applied on the 

cropped image without any pre-processing. The transform coefficients are arranged in specific manner and are used to obtain 

the feature vector in terms of standard deviation. The fingerprint matching is based on the minimum Euclidean distance 

between two feature vectors. Comparison of all the three transforms is presented and it is observed that DCT and DFT gives 

better result as compared DWT. 

 

5. Hybrid Approaches 

The advent of solid-state fingerprint sensors presents a fresh challenge to traditional fingerprint matching algorithms. These 

sensors provide a small contact area (= 0.6” x 0.6”) for the fingertip and, therefore, sense only a limited portion of the 

fingerprint. Thus multiple impressions of the same fingerprint may have only a small region of overlap. Minutiae based 

matching algorithms, which consider ridge activity only in the vicinity of minutiae points, are not likely to perform well on 

these images due to the insufficient number of corresponding points in the input and template images.  

 

A hybrid matching algorithm is presented in [30] to reduce the effect of nonlinear deformation in the fingerprint that uses 

both minutiae information and texture information for matching the fingerprints. A bank of Gabor filters is used to extract 

texture features from the template and input images. Results shows that at 1% FAR, the hybrid matcher gives a Genuine 

Accept Rate of 92% while the minutiae-based matcher gives a Genuine Accept Rate of 72%. Gabor filter bank are in [31] to 

extract fingerprints features. It is found that performance of feature extraction is dependent on mask size and Gaussian 

deviation value. For Gaussian deviation value 4 and filter mask size 32X32 the percentage of FAR is 6.4%.  

 

In paper [32] a localized texture based representation scheme is presented that relies on visual content for identification and 

the advantage of this method is it does not require absolute alignment. [33] Proposes a hybrid fingerprint verification system 

based on local texture pattern obtained using Gabor filtering and wavelet global features obtained by Multiresolution analysis 

of a fingerprint.  The   Experimental results show that the system is efficient and suitable for real-time authentication 

applications with a small size database. Statistical texture analysis of a fingerprint using Spatial Grey Level Dependence 

method (SGLDM) for discrimination and personal verification is proposed in [34].  Other statistical approach is presented in 

[35], it reduces multi-spectral noise by enhancing a fingerprint image to accurately and reliably determine a reference point 

and then extract a 129 X 129 block, making the reference point its center. From the 4 co-occurrence matrices four statistical 

descriptors are computed. Experimental results show that the proposed method is more accurate than other methods the 

average FAR is 0.62%, the average FRR is 0.08%, and the Equal Error Rate (EER) is 0.35%. 

6. Comparisons 

Major categories of fingerprint methods are compared based on the characteristics given in the literature and are tabulated as 

below (Table 1). 

 

 



Vidyadevi G Biradar, H Sarojadevi /International Journal Of Computational Engineering Research 

 / ISSN: 2250–3005 

IJCER | May-June 2012 | Vol. 2 | Issue No.3 |606-615                                     Page 612 

 

 

     

Methods 

 

Metrics 

Minutiae based Filter based 
Image 

transform 
Hybrid 

Reliability 

Difficult to 

extract 

minutiae in low 

quality image 

Reliable Reliable More reliable 

Limiting  

factors 
Image quality 

Accurate 

reference 

point is 

required 

Accurate 

reference 

point is 

required, 

depends 

Accuracy High 
Less 

accurate 
Less High 

Time delay High Less Less High 

Algorithmic 

complexity 
High Less Less High 

Overhead of 

preprocessing 

and post 

processing 

steps 

High 
Not 

applicable 

Not 

applicable 
High 

Storage space Efficient Less Less High 

Data size 
Not suitable for 

large databases 

Suitable for 

large 

databases 

Suitable for 

large 

databases 

Not suitable for 

large databases 

Matching 

techniques 

Sophisticated 

 
Simple Simple 

Sophisticated 

 

Applications 

Suitable for 

forensic 

applications 

Suitable for 

civilian 

applications 

Suitable for 

civilian 

applications 

Suitable for 

forensic 

applications 

Table 1. Comparison of Fingerprint Recognition Approaches 

7. Conclusion 

Fingerprint is an important and challenging research area of Digital Image processing so this field still attracts many 

researchers even after many years of research. The demand of research in this area is growing as the world is now much more 

concerned about safety and security than ever. A fingerprint matching and recognition system not only forbids the 

unauthorized access to some facility but in case of security breach, allows tracking the criminals. The requirement of 

fingerprint recognition is now in every field of our daily life. This paper presents a study of various fingerprint recognition 

algorithms from a different viewpoint - quality, performance and application. By classifying fingerprint recognition approaches 

into - Minutiae based methods, filter based approaches, Image transform based approaches, and Hybrid approaches, we can 

clearly see the trade-off between various approaches with respect to their suitability towards finger print applications. Many 

literature have stated their own sets of encouraging results. However, most of them cannot be compared against each other; 

either the system or the database is different. It would be interesting for future research to evaluate each of the approaches under 

a standardized test bed. 
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Abstract 
Considerable effort is currently being extended by means of open CFD analysis to examine and fight against mechanisms 
responsible of combustion instabilities and environment pollution due to CO2 and NO productions. To achieve that, the 
present paper suggests a system based on injection of a secondary air swirling flow in a non-premixed turbulent 
combustion chamber fed by fuel oil n°2.  Computational studies are based on analysis of swirl intensity impact using 
�2�S�H�Q�)�2�$�0�¶�V�� �V�R�O�Y�H�U�� �Q�D�P�H�G���U�H�D�F�W�L�Q�J�)�R�D�P�� �W�R��compare the recommended system to a basic combustor of drying furnace. 
Data allowing discussions are temperatures and concentrations of unburned species and products of gas combustion 
calculated at transversal and longitudinal sections of the combustion chamber. The fact that results obtained reveal no risk 
of flashback or blowing phenomena, fast diminution of unburned products, significant thermal losses near walls, reduction 
of CO2 production combined to a rise of NO formation pushes us to  investigate more about the proposed apparatus.  

Keywords: Coflow Non-premixed turbulent combustion OpenFOAM reactingFoam Swirling flow Swirl number 

1. Introduction  
The need for increased fuel consumption efficiency and environmental protection regulations are imposing stricter 

requirements on high intensity industrial combustion systems. In particular, the need to limit  energy consumption costs, the 
restrictions on NO and soot emissions and the competitive placement in the market have encouraged the introduction of 
innovative solutions for better combustion control and the extrapolation of new concepts to practical designs. In non-
premixed turbulent combustion area several efforts are made to accord experimental and numerical studies but still are 
insufficient compared to requirements becoming more and stricter. Gupta A. K. et al. [9] will be among the first to reveal 
(by means of experimental results) the important effects of swirl on promoting flame stability, increasing combustion 
efficiency and controlling emission of pollutants from combustion. Even if CFD (Computational Fluids Dynamics) 
analysis will later confirm this thesis through advanced modeling and simulation, the prediction of flames stabilized by 
swirling jet continues to be a research area under exploration. Due to the importance of this type of fluid flow, considerable 
investigations have been performed in this regard. Many projects were conducted to increase interaction between 
experimentalists and numerical analysts in order to reach good agreements between theory and realistic phenomena. 
Among these projects two references can be typically cited: CORIA (COmplexe de Recherche Interprofessionnel en 
Aérothermochimie) [5, 25] and TNF (the International workshop on measurement and computation of Turbulent Non-
premixed Flames) [4]. To boost TNF researches, experimental simulations devices like PRECCINSTA [1] and TECFLAM 
[1, 11] swirl burners were developed but two limitations can be identified.  

The first one concerns the nature of fuels used by PRECCINSTA and TECFLAM. These are more suitable for gas fuels 
(methane, natural gas, etc.) with direct applications in gas turbine combustors or in aircraft engines [18]. In our case, the 
fuel is a preheated liquid (fuel oil n°2) used in industrial drying furnaces [14]���� �$�F�F�R�U�G�L�Q�J�� �W�R�� �&�)�'�� �O�L�W�H�U�D�W�X�U�H���� �L�W�¶�V�� �O�H�V�V��
complicated to predict flames based on gaseous hydrocarbons than heavy oils [5, 16]. This difficulty comes a part from 
strong influence of high viscosities on turbulence and combustion phenomena. And this is clearly seen 
during modeling and simulation of instabilities and mixtures.  

Another limitation is about PRECCINSTA and TECFLAM basic configurations. In most cases swirl jet is involved in 
primary air flows [1, 13] while this one is located in secondary air flows (Fig.4). In these kinds of situations the size 
of confinement plays an important role in the aerodynamics of flame [5]. 

In addition, the problem here is complicated by 3D assumption according to the complexity of systems and phenomena.  
Despite all this, giving predictions that can satisfy industrial requirements (performance and security of systems), 

standards of environment protection (fight against pollution) and computational efficiency (need of precision, speed and 
robustness) still be a topical challenge in CFD.  
 
2. Description of the problem 
2.1. Geometry 


















































































































































































































































































































































































































































































































































































































































































































































