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A Novel Technique of Fingerprint Identification Based on Sectorization of Complex Walsh Plane Dr. H. B. Kekre, Dr. Tanuja K. Sarode and Rekha Vig Abstract— In this paper a new method for fingerprint identification has been described. This method treats the digitized fingerprint images in transform domain using well known Walsh transform.To map these coefficients onto two dimentional plane, we have proposed complex Walsh Transform. A sectorization algorithm, which creates sectors of the complex Walsh plane, is applied to the image transforms, which helps in generating the feature vectors of the images. The feature vector (set of features) of a test image is compared with those stored in the database and a match is solicited. This algorithm has been implemented on a database of 168 fingerprint images and the measures GAR(Genuine Acceptance Rate), FRR(False Reject Rate) and average number of matches calculated show that this algorithm though simple can be effectively used in Automated Fingerprint Identification Systems. Index Terms—Fingerprint identification, Walsh transform, complex plane, security, biometrics, sectorization.



——————————  ——————————



1 INTRODUCTION



I



dentification of a person has become an important issue and is also a major concern in security related areas like airports etc. An individual can be uniquely identified with the help of his biometric features, which may involve his physical or behavioural traits[1][2][13]. These biometrics may include fingerprints, iris, voice etc. which are being most commonly used. A complte list of biometrics is shown in figure 1. Though fingerprint as biometric trait is more prevalent, other biometrics like face, iris etc are becoming increasingly popular[4][5]. Any biometric system works in two phases, 1) Enroll-



trics is generated which generally stores certain features of the biometrics of those individuals, rather than the complete biometric as image or signal. These features are extracted using certain algorithm and are called templates. In the identification phase, when the identity of an individual is sought, he offers his same biometric and using same algorithm the template is generated and compared with those in the databse[1][2]. An imposter will not be identified as his template will not be present in the database[9]. The heart of any biometric system is the method or the algorithm which has been used to extract the features of biometrics[14]. Other than this, the method of generating digitized biometric, measures used to match the features with those in database etc are to be considered. The most



Fig. 1. Different types of biometrics



ment phase 2) Identification Phase as shown in figure 2. In the enrollment phase, all individuals enroll themselves with the biometrics system by offering a digitized version of their respective biometric. A database of these biome-



Fig. 2. Two stage biometric system
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important paramaters for the evaluation of a biometric system are accuracy in terms of Genuine Acceptance Rate (GAR) and False Acceptance Rate (FAR) Genuine Acceptance Ratio (GAR): Depending on the choice of threshold, the legitimate users’ biometric that
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are genuinely accepted by the system can be from none to all images. A legitimate user is an individual that is verified against the givendatabase. The threshold of the genuinely accepted data divided by the number of all legitimate user data is called Genuine Acceptance Ratio (GAR). Its value is one, then all legitimate users are accepted, and zero if no legitimate user is accepted.[10] False Acceptance Ratio (FAR): Depending on the choice of threshold, the impostor’s biometric that are falsely accepted by the system can be from none to all images. Impostor is an individual that is verified against a different stored database. The threshold of the falsely accepted data divided by the number of all impostor data is called False Acceptance Ratio (FAR). Its value is one, if all impostor data are falsely accepted, and zero if none of the impostor data is accepted[10]. Fingerprint as biometrics have gained enormous popularity due to the following reasons[15]. • Easy to use • Cheap • Small size • Low power • Non-intrusive • Large database already available Though many automated fingerprint identification systems are in use throughout the world, certain issues like accuracy, ease of implementation etc. leave a gap for research. There are various methods of extracting the features of fingerprint images.They are basically categorized into two types: 1) Image-based (Spatial domain)[[4][5] , 2) Transform-based (Transform domain)[6][16]. In image based methods the fingerprint image is processed in spatial domain to generate the features, whereas in transform domain[3] the fingerprint image is transformed using any orthogonal transform and the feature vector is then generated[7][8]. In this paper a transform domain method to identify fingerprints has been used. Walsh transform[11][17], an orthogonal transform is used to generate the Walsh coefficients of the fingerprint, which are projected on a complex plane. This plane is subjected to sectorization[16], and the features are then generated by taking the mean of coefficients of each sector. The sections followed are organized in the following manner. Section 2 explains the generation of Walsh coefficients and the subsequent sectorization method. Further, section 3 discusses the implementation and result and section 4 concludes the paper.



2 WALSH COEFFICIENT GENERATION AND SECTORIZATION 2.1 Walsh Transform The fingerprint image, 256 X 256 pixels is subjected to Walsh matrix (256 X 256) and a 2-D Walsh transform is generated. The coefficients of this 2-D Walsh transformed image are such that the top left pixel is the DC component and the sequency component increases as we move towards right or down. The basic set of eight Walsh functions is shown in figure 3. They are generated from



square functions and are named as cal or sal functions (analogous to cos and sin functions). The corresponding cal and sal coefficients for the 2-D Walsh transform are as shown in figure 4.



C0 =W0 S1 =W1 C1 =W2 S2 =W3 C2 =W4 S3 =W5 C3 =W6 S4 =W7 Fig. 3. Set of eight Walsh functions The cal and sal components are paired together as explained further to form complex values and these are then transformed onto two separate complex 2-D planes, one for cal components called the even pairs and the other for sal components called the odd pairs. These planes are then subjected to sectorization to generate feature vector.



2.2 Pairing of Walsh components The cal and the sal components of Walsh transform matrix except the first and last row and first and last column are paired together to form complex values Ck and Sk such that Ck = Cm,n + i*Cm+1,n+1 for m,n = 1,3,5……n-1 and Sk = Sm,n+1 + i*Sm+1,n for m,n = 1,3,5……n-1 These complex values Ck and Sk are then projected onto two separate complex planes as shown in figure 5.
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2.2 Sectorization of Complex planes
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The processing speed of an automated fingerprint identification system largely depends on the size of the feature vector. The smaller the size, the faster is the system. If all the coefficients of the transformed Image are taken as



Sectors



Criteria



I, IV, VI and VII



If imag < real



II, III, V and VIII



If imag >= real



TABLE 3 CRITERIA FOR TWELVE SECTORS Sectors



Criteria



I, VI, VII and XII



If imag < real*tan(I/6)



II, V, VIII and XI



If imag >= real*tan(I /6) and imag < real*tan(I /3)



Fig. 4. Complex plane showing cal paired coefficients



III, IV, IX and X



If imag >= real*tan(I /3)



The features obtained from the test image are compared with those obtained from the stored fingerprint in the database. This comparison is done separately for each complex plane and the results for both are fused together to get the final matching results



Fig. 5. Complex plane showing Sal paired coefficients



feature vector, the size of feature vector would be 256X256. Hence in order to reduce the size of feature vector method of sectorization is used here. The complex planes are divided into 4, 8 and 12 sectors as shown in figure. Here first the complex plane is divided into 4 sectors, the division being same as those of the quadrants of a plane as shown in figure 2.For more number of sectors i.e. 8 and 12 sectors as shown in Figure 6, the 4-sector plane is considered as the basic entity and the criteria shown in the tables 2 and 3 are applied for division. The sectors generated are radial and the mean values of the transform coefficients in each sector are calculated as in equation (4), where Mk is the mean and N is the number of coefficients in a sector, which form the features. The feature vector consists of the DC component, mean of absolute values of first row, mean of absolute values of last row, mean of absolute values of first column, mean of absolute values of last column and all Mk , mean value of each sector, and hence the number of features is S+5 for each complex plane, where S is the number of sectors. (1)



TABLE 2 CRITERIA FOR EIGHT SECTORS



a)



b)



Fig. 6. . Sectorization of complex plane of Walsh transform coefficients a) 8-sectors b) 12-sectors



3 EXPERIMENTAL RESULTS AND DISCUSSION In this section, the details of the database of fingerprint images and the results obtained from the approaches described above for fingerprint have been explained. In this experiment, we have used the fingerprint image database containing 168 fingerprint images of size 256×256 pixels including 8 images per finger from 21 individuals. The set of fingerprints are obtained with rotational ( +/- 15o ) and shift (horizontal and vertical) variations. Testing was performed using MATLAB 9 on Intel Core 2 Duo 2.10 GHz processor with 2 GB RAM. To test the performance of proposed fingerprint identifi-
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cation techniques, total 168 queries are fired on the databases to compute GAR values per query. The similarity measure which is used for matching of query with database images used here is Euclidian distance. Tables 4 and 5 summarize the results obtained for the algorithm mentioned above. Second column of each table TABLE 4 VALUES OF GAR Sectors 4 8 12



For CalCoefficients 74.2 84.3 89.4



For SalCoefficients 75.7 84.23 88.56



Fused Results 88.82 90.82 92.65



TABLE 5 AVERAGE NUMBER OF MATCHED FINGERPRINTS Sectors



For CalCoefficients



For SalCoefficients



Fused Results



4 8 12



3.28 3.61 3.74



3.33 3.56 3.86



3.43 3.76 3.93



show the GAR and the average number of matches for a fingerprint out of 7 samples of that fingerprint in the database and the third column for that of sal-coefficients. The values in the final column show the fused results of column 2 and 3, which have been generated by choosing the best (OR) of the cal and sal coefficient methods. The GAR obtained is 0.9265 for 12 sectors and hence the FRR is 0.0735 as shown in figures 7 and 8. The second measure i.e. average number of matches depicts that more than half the number of images in database (7 samples per fingerprint) are being obtained as matches.



4 CONCLUSION A fingerprint identification method has been discussed in this paper which deals with the Walsh transform of the fingerprint images. Though Walsh transform is not complex in nature, it has been converted into complex values to project it onto a complex four-quadrant plane, for the purpose of sectorization. Sectorization of a four-quadrant plane into 4, 8 and 12 sectors has been done in order to generate features which are the mean values of coefficients of various sectors. The Euclidean distance between the features of a test image and those of stored (database) images has been calculated and the matched results shown and discussed. The GAR achieved with this method is as high as 92.65% and the maximum value of average number of matches of a fingerprint is 3.93 out of 7 sample database images of the same fingerprint. These results demonstrate that this technique can be successfully used in Automated Fingerprint Identification Systems.
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