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Abstract
The biometric techniques based on fingerprint, face and iris are 
used in order to provide strong security. With identity fraud in our 
society reaching unprecedented proportions and with an increasing 
emphasis on the emerging automatic personal identifications 
applications, biometric-based verification, especially fingerprint-
based verification is receiving a lot of attention. Fingerprint 
verification effects far more positive identifications of persons 
worldwide than any other human identifications procedure. The 
Fingerprint images are aligned around the core point, in this 
paper the core point is detected as a Poin’care Index Technique. 
In this system, the issue of fingerprint classification based on 
Curvelet transform has been analyzed. The Curvelet Transform 
is a higher dimensional generalization of the Wavelet Transform. 
The Fingerprint authentication is done by means of finding the 
Euclidean distance between the two corresponding feature vectors 
and hence matching is extremely fast.
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I. Introduction
Fingerprint is an impression of the friction ridges of all or any 
part of the finger and has been used extensively for personal 
identification [1]. Among all the biometric techniques, fingerprint-
based authentication systems have received more attention 
because of the long history of fingerprints and their extensive use 
in forensics. Another advantage in using fingerprint technology is 
the fairly small storage space required for the biometric template, 
thus reduce the size of the database memory required. Many 
approaches were developed for the fingerprint Identification 
Algorithm. They are model based, structure based, and frequency 
based and syntactic. The model-based fingerprint classification 
technique uses the locations of Singular points (core and delta) 
to classify a fingerprint into the five classes [2]. In the structure-
based approach, the estimated orientation field fingerprint image 
is used to classify the fingerprint into one of the five classes [3]. 
A syntactic approach uses the formal grammar to represent and 
classify fingerprints.
The popular fingerprint authentication algorithms are Minutiae 
based, Point pattern or Graph Based, Correlation based algorithms. 
Typical graph based [4], or point pattern based approaches [5], 
to match the minutiae from two fingerprints need to align the 
unregistered minutiae patterns of different sizes which makes 
them computationally expensive. Correlation based techniques [6] 
match the global patterns of the ridges and valleys to determine 
if the ridges align. The global approach to fingerprint is typically 
used for indexing and does not offer a very good individual 
discrimination.
In this paper, new core-based matching algorithms are used to 
identify the fingerprints. The proposed algorithm is described 
in detail in section II. The experimental results and discussion 
are given in section III, while concluding remarks are given in 
section IV.

II. Proposed System
The flow diagram of the proposed algorithm is as shown in Figure 
1. The sequence to be followed in our algorithm is as follows:

Use core detection algorithm to get the registration point• 
Apply the curvelet transform to the preprocessed fingerprint • 
image to get the transformed image
Transformed image for extraction of feature image• 
Store the features in feature library for use in authentication. • 
The Output of the proposed system is shown in fig. 1.

Fig. 1. Flow Diagram for the Related Work

A. Registration Point
The core point has played important roles in most fingerprint 
identification techniques [9]. It is widely used in fingerprint 
classification [2] and fingerprint matching [5]. Any point that 
can be consistently detected in a fingerprint image can be used 
as a registration point.
Core point location techniques are given. Those are:

Geometry of region• 
Direction of curvature• 
Poin’ care Index techniques. • 

B. Poin’ Care Index Technique (PC)
The PC technique can be summarized as follows [3].
1. Estimate the orientation field θ(i,j) by using the least square 
orientation estimation algorithm given by equation 
Θ’(i,j) =  tan-1 (  Φ’y (i,j) /  Φ’x (i,j) )
2. Initialize a label image A which is used to indicate the core 
point.
3. For each pixel, compute poin’ care index PC(i,j) , where
                           Np-1
         PC (i, j) =   ∑   ∆ (k)    (1)
                            k=0                           
                        Δ (k)       if |δ (k)|<π/2  (2)
       ∆ (k) =    π+δ (k)    if δ (k) ≤-π/2
                       Π-δ (k)    otherwise
          and
        δ(k)=ξ(x(k+1)mod Np, y(k+1)mod Np )–ξ(xk,yk)  (3)
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The number of points Np used in the experiment is 8.
4. The core point should yield the poin’ care index between 0.45-
0.51. If the Poin’ care index is -0.5 then such a block is the delta 
block.
5. The center of the block with the value of one is considered to 
be a core point. However if there are more than one block with 
that values, the average calculation is applicable.
Registration point is found out by calculating gradients and local 
orientation, smoothing the orientation image and finding the Poin’ 
care index [8-11]. The least mean square orientation estimation 
algorithm in [8], is used to find the registration point. 

C. Cropping
With the reference to core point, the image I(x, y) with the size of 
256*256 is cropped. The cropped image dimension is 192*192. 
The cropped image C(x, y) is normalized.

D. Normalization
Normalization is done to remove the effects of sensor noise 
and gray level deformation due to finger pressure differences. 
Normalization is done on each band by considering mean and 
variance. Normalization is done by Equation (4).

 (4)                   
Where, M-Mean, V-Variance, I-Input Image, N-Normalized 
Image

E. Curvelet Transform
Curvelet transform is a new geometric multiscale transform 
developed by Candes et al. Curvelet Transform decomposes the 
image into a series of high-pass and low-pass bands which are the 
same as wavelet transform [10]. The wavelet transform extracts 
directional details that capture horizontal, vertical and diagonal 
activity. However, Curvelet transform captures the structural 
activity along radial ‘wedges’ in the frequency domain. The 
approximate scales and orientations are supported by a generic 
‘wedge’. So, curvelet transform owns very high directional 
sensitivity and anisotropy.
The second generation Curvelet Transform is introduced the digital 
implementation is based on Fast Discrete Curvelet Transform 
(FDCT) i.e. the Unequally-Spaced Fast Fourier Transforms 
(USFFT) and the wrapping of specially-selected Fourier samples. 
The Curvelet transform Flow graph is shown in fig. 2.

Fig. 2: Curvelet Transform Flow Graph

The curvelet transform is a higher dimensional generalization of 
the wavelet transform designed to represent image at different 
scales and different angles [10-11]. The curvelet transform is a 
multi-scale transform with frame elements indexed by location, 
scale and orientation parameters, and have time-frequency 
localization properties of wavelets but also shows a very high 
degree of directionality and anisotropy. More precisely, we here 
use a new tight frame curvelets recently developed.
The Curvelet decomposition is the sequence of the following 
steps [10-12]:

Sub band Decomposition• 
Smooth Partitioning• 
Renormalization• 
Ridgelet Analysis• 

Curvelet Transform is well-adapted to represent edges. Effective 
image with noise reduction and enhanced edges can be obtained 
by reconstructing the modified curvelet coefficients according to 
the proposed noise reduction method. Edges are more efficiently 
than the wavelet transforms. More accurate to detect the image 
using this transforms. In fig. 3, the curvelet decomposition of the 
image Fingerprint is shown.

Fig. 3: Curvelet Transform Decomposition of Fingerprint 
Image
       
The low-pass image is located in the center of the representation. 
The curvelet coefficients are displayed around it, grouped according 
to orientation and scale. The concentric coronae represent the 
different scales, starting with the lowest scale (low frequencies) in 
the center [11-12]. Sub-bands of the same scale are ordered within 
these coronae so that the orientation suggested by their position 
matches the spatial frequencies they represent. For example, a 
horizontal line will produce high curvelet coefficients in the sub 
bands that are located along a vertical line through the low- pass 
image. One can clearly discern four quadrants in each coronae, 
which we will number in a clockwise direction, starting with the 
upper one. Quadrant 1 contains the real, quadrant 3 the imaginary 
parts of the (complex) curvelet coefficients produced by Mostly 
Horizontally (MH) oriented curvelet functions [12-13].
Curvelet coefficients with value zero are marked in gray, whereas 
large positive coefficients are bright and negative coefficients with 
a large absolute value are dark. The size of the decomposed image 
after applying the curvelet transform is 188*188. The decomposed 
image has inner and outer boundary with dimension such as, 14*68 
and 26*136 respectively.  The curvelet coefficients are,
C = {1x1 cell}    {1x16 cell}    {1x32 cell}    {1x32 cell}    {1x64 
cell}    {1x1 cell}
These curvelet coefficients are used for the Feature Extraction. 
These features are used for the matching process. These processes 
achieve the better accuracy.

F. Feature Extraction
The mean and standard deviation in each wedge will represent 
the feature vector. The mean and standard deviation are computed 
as the fingerprint features for the curvelet. The Mean (Mi) and 
standard deviation (Si),
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where, k = number of pixels in Ii. Ci(x, y), is the particular wedge 
of the image. Mi is the mean of that wedge.

G. Finger Code Generation
Once the curvelet coefficients have been obtained, the mean 
and standard deviation are computed as the fingerprint features 
for the curvelet. This feature extraction is applied to each of the 
images in the database. At the end, each image in the database 
is represented and indexed using its curvelet feature vector. For 
Example, images are decomposed using curvelet transforms. 
Based on sub band division, 82 (1+16+32+32+1) sub bands of 
curvelet coefficients are computed. Therefore, a 164 dimension 
feature vector is generated for each image in the database. The 
curvelet feature has significantly higher retrieval performance. 
The mean and standard deviation within the wedges defines the 
feature vector. The feature vector represents the finger code.

H. Fingerprint Authentication
Fingerprint identification and authentication is done by finding the 
Euclidean distance between the two corresponding Finger codes. 
Fingerprint matching is based on finding the Euclidean distance 
between the corresponding feature vectors. This minimum score 
corresponds to the best alignment of the two fingerprints being 
matched. If the Euclidean distance between two feature vectors is 
less than a minimum value, then the decision that “the two images 
come from the same finger” is made, otherwise a decision that “the 
two images come from different fingers” is made. The test finger 
code is compared with the entire Finger codes in the database. 
The Finger code giving minimum value belongs to that finger. 
Fig. 4. Shows the Architecture of the Fingerprint Authentication 
algorithm 

Fig. 4: Architecture of Fingerprint Authentication Algorithm

III. Experimental Results & Discussions
Experiments were conducted using three sets of Fingerprint 
Verification Competition data bases, such as FVC2000, FVC2002 
and FVC2004 using averaged features of mean, standard deviation 
as Finger code. Also the experiments were carried out for different 
combination of Training and Recognition sets. The size of the 

decomposed image after applying the curvelet transform is 
188*188.  The decomposed image has inner and outer boundary 
with dimension such as, 14* 68 and 26*136 respectively. The 
curvelet coefficients are,
  C = {1x1 cell}    {1x16 cell}    {1x32 cell}    {1x32 cell}    {1x64 
cell}    {1x1 cell}
These curvelet coefficients are used for the Feature Extraction. 
The Finger Code consists of the features such as mean and 
standard deviation. The comparative results of recognition rate 
using Curvelet Transform with the Mean and Standard Deviation 
as Feature Vector for the FVC Databases is high than Wavelet 
Taransform. Fig. 5, Shows the recognition rate of Curvelet 
Transform for the FVC Databases higher than the Wavelet 
Transform.
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Fig. 5: Recognition Rate Chart for Curvelet and Wavelet 
Transform

IV.Conclusions
The system performs the identification with five steps: core 
point determination, Normalization, Curvelet Transform, Feature 
Extraction and fingerprint matching with Euclidean distance. The 
fingerprint authentication is done using the Euclidean distance 
between the two corresponding Finger codes and hence is extremely 
fast. The system is implemented and tested over the entire FVC 
databases (FVC2000, FVC2002 and FVC2004) without rejecting 
any images using Curvelet Transform. From the analysis it is 
observed that the maximum Recognition Rate is obtained than 
Wavelet Transform.
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