
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 5, May 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 5, May 2013 Page 31 
 

 
Abstract 

This paper is focused on developing a system for recognizing two fingerprints using minutia matching. Fingerprint recognition 
is the process of comparing a fingerprint against another fingerprint to determine if the impressions are from the same finger. 
It is very difficult to mark all the minutiae accurately as well as rejecting false minutiae; because of the presence of noise in 
fingerprints. Therefore, this paper utilizes a combination of image processing and frequency domain processing to build a 
minutia extractor and a minutia matcher. The fingerprint recognition process also includes image segmentation using 
Morphological operations, improved thinning, false minutiae removal methods and minutia marking. The final results are 
obtained in percentage of matching minutia. 
Keywords: Fingerprint, Minutiae, Crossing number, Biometrics. 
  
I. INTRODUCING FINGERPRINTS 
Biometric identification using fingerprints matching have been used for last many years and are most widely used form 
of biometric identification. Despite this widespread use of fingerprints, there has been little statistical work done on the 
uniqueness of fingerprint minutiae. More specifically, identifying the characteristics of minutiae in fingerprint is a 
critical task and is thus an active area of research. In general, the fingerprint of an individual is unique and is formed 
from an impression of the pattern of ridges on a finger. A ridge can be defined as a single curved segment, and a valley 
is the region between two adjacent ridges (Figures 1-3). The term minutiae refer to the local discontinuities in the ridge 
flow pattern and provide the features that can be used for biometric identification. The characteristics such as 
orientation and location of minutiae are usually taken into account when performing fingerprint matching. A typical 
example of fingerprint, ridges, valleys and minutia is shown in Figures 1-3 below.  

 
 

 
Figure 1: An example of 

fingerprint image showing 
ridges ending and bifurcation. 

Figure 2: An example of ridge and valley in a 
fingerprint image. 

Figure 3: Key minutiae features 

 
In practise, it is usually difficult to take a good quality fingerprint image, as these may be degraded and corrupted with 
noise due to many factors including variations in skin and impression conditions. This degradation can result in a 
significant number of spurious minutiae being created and genuine minutiae being ignored. This paper, therefore, 
focuses on extracting minutiae [1-7] from fingerprint images. For this purpose, image enhancement techniques are 
employed prior to minutiae extraction to obtain a more reliable estimate of minutiae locations.  
 
II. FINGERPRINT RECOGNITION 
Fingerprint recognition is the process of comparing a fingerprint against another fingerprint to determine if the 
impressions are from the same finger. This paper focuses on fingerprint matching using two types of minutia called 
termination and bifurcation [2-8]. Termination is the immediate ending of a ridge; whereas, the term bifurcation refers 
to the point on the ridge from which two branches derive. The algorithm is shown below and it comprises of three 
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steps: 1) acquiring fingerprint images, 2) extracting minutia and 3) matching the minutia. The system takes in 2 input 
fingerprints to be matched and gives a percentage score of the minutia match between the same fingerprints. Based on 
the score and threshold match value it distinguishes whether the two fingerprints matches or not.  
 

Algorithm 
Minutiae Extraction 
Step 1 Histogram Equalization 
Step 2 Fast Fourier Transformation 
Step 3 Image Binarization 
Step 4 Marking Region of Interest using Ridge flow estimation  
Step 5 Ridge Thinning and Marking Minutiae 
Step 6 Removing False Minutiae 
Minutiae Matching 
Step 7 Identifying the Minutiae characteristics details for both fingerprints to be matched 
Step 8 Transform Minutiae sets and calculate percentage match 

 
III. IMPLEMENTATION PROCEDURE 
The above mentioned algorithm is implemented in Matlab with the details of each step given below. 
Step 1: Reading and enhancing the fingerprint images 
In the first step, the two fingerprint images to be matched are read and then image enhancement is applied on the two 
images. In practice, a fingerprint image may not always be well defined due to noise. This noise usually corrupts 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 technique 
is necessary to reduce the noise and enhance the definition of ridges against valleys. For enhancing the fingerprint 
images, histogram equalization is used. It is a technique of improving the global contrast of an image by adjusting the 
intensity distribution on a histogram. The result of the histogram equalization is shown in Figure 4. 
 

    

Fingerprint I Enhanced Fingerprint I Fingerprint II Enhanced Fingerprint II 

Figure 4: An example of fingerprint images and their enhanced version using histogram equalization. 
 

Step 2: The second step is to take the Fast Fourier Transform of the input images.  
In this method, the above enhanced fingerprint image is divided into small processing blocks (32 x 32 pixels) and the 
Fourier transform [9-12] is applied as: 

 

(1) 

for u = 0, 1, 2, ..., 31 and v = 0, 1, 2, ..., 31. In order to enhance any specific block by its dominant frequencies, the FFT 
of the block is multiplied by its magnitude a set of times, according to the equation: 

 (2) 

Where, F-1(F(u,v)) is the inverse Fourier Transform. The value of K is taken as 0.4. A high value of K improves the 
appearance of the ridges by filling up small holes in ridges. However, a high value of K can result in false joining of 
ridges which might lead to a termination and became a bifurcation. The enhanced image after FFT has the 
improvements as some false broken points on ridges get connected and some spurious connections between ridges get 
removed. The next step is to convert the enhanced images to their binary version. Binarization is a process which 
transforms the 8-bit Gray image to a 1-bit image with 0-value for ridges and 1-value for valleys [10-12]. After the 
operation, ridges in the fingerprint are highlighted with black color while valleys are white, as can be seen in Figure 5.  
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FFT of Fingerprint I (index=0.4) Binary Image of Fingerprint I  Region of Interest of Fingerprint I 

   
FFT of Fingerprint II (index=0.4) Binary Image of Fingerprint II Region of Interest of Fingerprint II 

Figure 5: An example of FFT, binarization and region of interest of fingerprint images. 

 
Step 3: Computing Region of Interest using Image Segmentation 
In fingerprint recognition system, the Region of Interest (ROI) needs to be preciously recognized for each fingerprint 
image [11-12]. To extract the ROI, a two-step method is used. The first step is block direction estimation, while the 
second is computing ROI using the Morphological methods. In block direction estimation, firstly the block direction for 
each block of the fingerprint image with 16x16 pixels is estimated. This is done by: 
I. Calculating the gradient values along x-direction (gx) and y-direction (gy) for each pixel of the block.  

II. For each block, then the Least Square approximation of the block direction, is estimated using 
tan2ß =   (3) 

for all the pixels in each block. After finishing with the estimation of each block direction, the blocks without 
significant information on ridges and valleys are discarded based on the following formulas: 

E =   (4) 

For each block, if its certainty level E is below a threshold, then the block is regarded as a background block. ROI 
extraction is done by applying morphological operations. Two Morphological operations called ‘OPEN’ and ‘CLOSE’ 
are adopted. The ‘OPEN’ operation can expand images and remove peaks introduced by background noise. The 
‘CLOSE’ operation can shrink images and eliminate small cavities. The ROIs for two fingerprint images are shown in 
Figure 5 above. In ROI, the bound is calculated as the subtraction of the closed area from the opened area.  

Step 4: Minutia marking and extraction 
To mark and extract the minutia, the key steps are: 
 Fingerprint Ridge Thinning: Ridge Thinning is done to eliminate the redundant pixels of ridges till the ridges are 

just one pixel wide. This is done using the Matlab’s built in morphological thinning function. 
bwmorph(binaryImage,‘thin’,Inf). The thinned image is then filtered, again using Matlab’s three morphological 
functions to remove some H breaks, isolated points and spikes (Figure 6), using the bwmorph(binaryImage,  
‘hbreak’, k); bwmorph(binaryImage, ‘clean', k) and bwmorph(binaryImage, ‘spur', k).  

 Minutiae Marking:  After the fingerprint ridge thinning, the next step is to mark minutia points.  This can be done 
in three ways: 1) for each 3x3 window, if the central pixel is 1 and has exactly 3 one-value neighbors, then the 
central pixel is a ridge branch (Figure 7a).  If the central pixel is 1 and has only 1 one-value neighbor, then the 
central pixel is a ridge ending (Figure 7b). Figure 7c illustrates a special case that a genuine branch is triple 
counted. Suppose both the uppermost pixel with value 1 and the rightmost pixel with value 1 have another neighbor 
outside the 3x3 window, so the two pixels will also be marked as branches.  

 False Minutiae Removal: This stage focuses on removing any false minutia, e. g., any false ridge breaks due to 
noise. For this purpose, the average inter-ridge width D is estimated at this stage. The average inter-ridge width 
refers to the average distance between two neighboring ridges and for each row it is given by: 

Inter ridge distance =  (5) 
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Finally an averaged value over all rows gives D. Then, all the thinned ridges in the fingerprint image are labeled 
with a unique ID for further operation using a MATLAB morphological operation BWLABEL. Seven types of false 
minutia are specified in this paper as described in Table 1. For better results, this paper considers all the seven cases 
unlike the other similar works done. The minutiae and after removing false minutiae for the above two finger print 
images is shown in Figure 8. 
 
 

   
Ridge Thining of Fingerprint I  Removing H breaks of Fingerprint I  Removing spikes of Fingerprint I 

   
Ridge Thining of Fingerprint II  Removing H breaks of Fingerprint II  Removing spikes of Fingerprint II 

Figure 6: An example of doing ridge thinning, removing H breaks and spikes from fingerprint images. 
 
 

   
a) b) c) 

Figure 7: Three ways of Minutia marking. 

 
TABLE 1: Different types of false minutiae 

Type Shape Description Type Shape Description 
m1 

 

A spike piercing into a valley.  

 

m2 

 

A spike falsely connects two 

ridges.  

 

      

m3 

 

Two near bifurcations located in 

the same ridge.  

m4 

 

The two ridge broken points 

have nearly the same orientation 

and a short distance.  
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m5 

 

This is alike the m4 case with the 

exception that one part of the 

broken ridge is so short that 

another termination is generated.  

m6 

 

This case extends the m4 case 

but with the extra property that a 

third ridge is found in the 

middle of the two parts of the 

broken ridge.  

      

m7 

 

Only one short ridge found in the 

threshold window.  

 

   

      

 

 
Figure 8: Example of detected minutiae and after removal of false minutiae. 

 

STEP 5: MINUTIAE MATCHING  
After minutiae extraction for the two fingerprint images, the next step is to match the Minutiae. For this purpose, an 
elastic string based iterative ridge alignment algorithm is used. In this algorithm first the minutiae’s of two fingerprints 
are aligned and then the percentage of the matched minutia pairs is computed. In the alignment stage, the two 
fingerprint images to be matched are taken and any one minutia from each image is chosen. Then the similarity of the 
two ridges associated with the two referenced minutia points are calculated using the standard cross-correlation 
formula. If the similarity is larger than a threshold (0.8 chosen in current paper, as maximum is 1), each set of the 
minutia is transformed to a new coordination system whose origin is at the referenced point and x-axis is coincident 
with the direction of the referenced point. To better understand, let M ( , , ) be the reference minutia (say from I1). 
Then for each fingerprint, all other minutiae ( , , ) is translated and rotated with respect to the M according to the 
following formula: 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 5, May 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 5, May 2013 Page 36 
 

 =   

 

(6) 

 After getting the two set of transformed minutia points, an elastic match algorithm is used to count the matched 
minutia pairs by assuming two minutia having nearly the same position and direction are identical. The matching 
algorithm for the aligned minutia patterns needs to be elastic, as the strict match requiring that all parameters (x, y, ) 
are the same for two identical minutia is impossible due to the slight deformations and inexact quantization of  minutia. 
Therefore, this paper elastically matches minutia by placing a bounding box around each template minutia. If the 
minutia to be matched is within the rectangle box and the direction discrepancy between them is very small, then the 
two minutiae are regarded as a matched minutia pair. Each minutia in the template image either has no matched 
minutia or has only one corresponding minutiae. The final match ratio for two fingerprints is calculated in percentage 
by taking the ration of the number of total matched pair over the number of minutia of the template fingerprint. If this 
score is larger than a pre-specified threshold, the two fingerprints matched.  

 
IV. RESULTS & DISCUSSION 
The above implementation was an effort to understand how Fingerprint Recognition is used as a form of biometric to 
recognize identities of human beings. It includes all the stages from minutiae extraction from fingerprints to minutiae 
matching which generates a match score. Various standard techniques are used in the intermediate stages of 
processing. This paper presents a fingerprint recognition system, which measures the similarity between two 
fingerprints. For this purpose, several fingerprints are compared. These fingerprints are taken from the fingerprint 
database FVC2000 (Fingerprint Verification Competition 2000). The algorithm presented in this paper, tests all the 
images without any fine-tuning for the database. For example, the above mentioned algorithm is implemented for two 
different fingerprints shown above in this paper and the percentage of matching of minutia is computed. For the two 
finger prints the percentage match obtained is 34.6154%, which when matched with a threshold limit (say 90%) can 
say that the two fingerprints matches or not. As the % match obtained is less than the threshold so we can say that the 
finger prints do not match which is correct. It is to be noted that the same algorithm can be extended further to apply on 
mass checking the fingerprints from a database.  
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