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ABSTRACT 
 In this paper we demonstrate the techniques for improved fingerprint recognition. We mainly focused on the study of 
decomposition of image, feature extraction and feature match. A fingerprint is the reproduction of fingertip impressions and 
produced when a finger is pressed against a smooth surface. The most evident structural characteristic of a fingerprint is its 
pattern of interleaved ridges and valleys. Ridges and valleys often run parallel but they can bifurcate or terminate abruptly 
sometimes. The methods of processing techniques fingerprints are being thoroughly analyzed. An integrated solution for 
fingerprint recognition is developed for demonstration based on the analysis. We have used combination of multiple methods 
such as building a minutia extractor and a minutia matcher with simplified steps. Demonstration has been made in the 
MATLAB background. In the task of fingerprint recognition, the experiments conducted on various fingerprint images shows 
enhancement of the performance. 
Keywords:  fingerprint, AFAS, AFIS, Minutia, ridges.  

1. INTRODUCTION 
It is considered with strong evidences that each fingerprint is distinctive and unique. Each person has his/her own 
fingerprints with the eternal uniqueness. Hence, for a long time fingerprints have being used for identification and 
forensic investigation. A fingerprint is composed of many ridges and furrows. These ridges and furrows present good 
similarities in each small local window, like parallelism and average width. However, shown by intensive research on 
fingerprint recognition, fingerprints are not distinguished by their ridges and furrows, but by Minutia, which are some 
abnormal points on the ridges as shown in Figure 1. Out of variety of minutia types reported in literatures, two are 
mostly important and in heavy usage. one is called termination, which is the immediate ending of a ridge; the other is 
called bifurcation, which is the point on the ridge from which two branches derive. 
 
 

       
          Figure 1 Minutia.                                               Figure 2 Verification vs. Identification 

 

The fingerprint recognition problem can be grouped into two sub-domains i.e. one is fingerprint verification and the 
other is fingerprint identification. Unlike the manual approach for fingerprint recognition by experts as referred by 
figure 2.  
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We refer the fingerprint recognition as AFRS (Automatic Fingerprint Recognition System), which is program based 
analysis. Verifying the fingerprint is to confirm the authenticity of one person by his fingerprint. Just like the ID 
number, the user provides his fingerprint together with his identity number[1]. The fingerprint verification system 
retrieves the fingerprint outline according to the ID number and matches the template with the real-time acquired 
fingerprint from the user. Usually it is the underlying design theory of Automatic Fingerprint Authentication System 
(AFAS). The fingerprint identification specifies one person’s uniqueness by his fingerprint. Without knowledge of the 
person’s identity, the fingerprint identification system tries to match his fingerprint with those in the whole fingerprint 
database already in place. It is especially useful for criminal investigation cases. Also sometimes known as the design 
principle of Automatic Fingerprint Identification System (AFIS). However, all fingerprint recognition problems, either 
verification or identification are ultimately based on a well-defined representation of a fingerprint. As long as the 
representation of fingerprints remain unique and simple, the fingerprint matching for either  1-to-1 verification case or 
1-to-m identification case is straightforward and effortless. 

2. ALGORITHMIC APPROACH AND OVERVIEW 
To implement a minutia extractor, researchers broadly use a three-stage approach. They are preprocessing, minutia 
extraction and post processing stage as shown in Figure 3. In stage one Histogram Equalization and Fourier Transform 
is performed for image enhancement. Then the fingerprint image is binarized using the locally adaptive threshold 
method[12]. The image segmentation task is fulfilled by a three-step approach, block direction estimation, 
segmentation by direction intensity and Region of Interest extraction by Morphological operations. The morphological 
operations for extraction ROI (region of interest) are introduced in this paper. For minutia extraction stage, three 
thinning algorithms are experienced and the Morphological thinning operation is finally outcome with a high 
efficiency and beautiful good thinning quality [9][6].  
 

 
 

Figure 3  Minutia Extractor 

2.1 Fingerprint Enhancement and Fourier Transforms 
Two Methods are adopted in the fingerprint recognition system. The first one is Histogram Equalization and the next 
one is Fourier Transform. The image is divided into small processing blocks (32 by 32 pixels) and we perform the 
Fourier transform according to the following formulae i.e. equation (1). 

 

                                                                  (1) 
for u = 0, 1, 2, ..., 31 and v = 0, 1, 2, ..., 31. 
In order to improve a specific block by its main frequencies, we multiply the FFT of the block by its magnitude a set of 
times. Where the magnitude of the original FFT = abs (F (u,v)) = |F(u,v)|. 
get the enhanced block according to to equation (2) and (3). 

                           (2) 
where F-1(F(u,v)) is done by: 

                                        (3) 
for x = 0, 1, 2, ..., 31 and y = 0, 1, 2, ..., 31. 
The k in formula (2) is an experimentally determined constant, which we choose k=0.45 to calculate. While having a 
higher "k" improves the look of the ridges, filling up minute holes in ridges, having too high a "k" can result in fake 
joining of ridges. Thus a termination might become a Estimate the block direction for each block of the fingerprint 
image with WxW in size (W is 16 pixels by default). The algorithm as follows: 
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- Calculate the gradient values along x-direction (gx) and y-direction (gy) for each pixel of the block. Two Sobel 
filters are used to accomplish the task. 

- For each block, use following formula to get the least square approximation of the block direction. 
        tg2ß = 2   (gx * gx)/   (gx 2 - gx 2) for all the pixels in each block. 
The formula is simple to realize by regarding gradient values along x-direction and y-direction as cosine value and sine 
value. So the tangent value of the block direction is estimated nearly the same as the way illustrated by the following 
formula: tg2 = 2sin cos / (cos2 -sin2 ). After completing with the estimation of each block direction, those blocks 
without important information on ridges and furrows are surplused based on the following formula: 
E = {2   (gx * gy)+    (gx 2- gy

 2)}/ W*W*   (gx
2+ gy

 2)                              (4)                                             
Considering each block, if its certainty level E is below a threshold, then the block is regarded as a background block. 
The direction map is shown in the following figure 6. We presume there is only one fingerprint in each image. 

 
 

 
Figure 6 Directionmap. Binarized fingerprint (left), Direction map (right) 

 

3. MINUTIA EXTRACTION AND MINUTIA MARKING 
Ridge thinning is to eliminate the redundant pixels of ridges until the ridges are just one pixel wide and also  uses an 
iterative, parallel thinning algorithm [9]. In each scan of the full fingerprint image, the algorithm marks down 
redundant pixels in each small image window (3x3). Lastly removes all those marked pixels after several scans  testing, 
such an iterative, parallel thinning algorithm has bad efficiency although it can get an ideal thinned ridge map after 
enough scans uses a one-in-all method to extract thinned ridges from gray-level fingerprint images directly [6]. The 
method traces along the ridges having maximum gray intensity value. However, binarization is implicitly imposed 
since only pixels with maximum gray intensity value are remained. Also in the testing, the progress of each trace step 
still has huge computation complexity although it does not require the movement of pixel-by-pixel as in other thinning 
algorithms. The last method uses the built-in Morphological thinning function in MATLAB. The thinned ridge map is 
then filtered by other three Morphological operations to remove some breaks, isolated points and spikes. Marking 
minutia points is relatively simple Fingerprint ridge thinning processing.  As per the literatures available it is not a 
small task as at least one particular case evokes the caution during the minutia marking stage. In general, 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. If the 
central pixel is 1 and has only 1 one-value neighbor, then the central pixel is a ridge ending. Along with the minutia 
marking, all thinned ridges in the fingerprint image are labeled with a exclusive ID for further operation. The labeling 
operation is realized by using the Morphological operation. 

4. MINUTIA POST PROCESSING 
The preprocessing stage does not totally treat the fingerprint image. For example, fake ridge breaks due to too little 
amount of ink and ridge cross-connections due to over inking are eliminated fully. In fact, all the earlier stages 
themselves sporadically introduce some artifacts which later lead to bogus minutia. This false minutia will considerably 
affect the accuracy of matching if they are just regarded as genuine minutia. Therefore, some mechanisms of 
eliminating false minutia are essential to keep the fingerprint verification system efficient. 
 

 
Figure 7 Seven types of false minutia 
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Figure 7 shows False Minutia Structures. m1 is a spike piercing into a valley. In the m2 case a spike wrongly connects 
two ridges. m3 has two near bifurcations located in the same ridge. The two ridge broken points in the m4 case have 
nearly the similar orientation and a short distance. m5 is alike the m4 case with the exemption that one part of the 
broken ridge is so short that another termination is generated. m6 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 has only one short ridge found in the 
threshold window. [1] only handles the case m1, m4,m5 and m6. [12] and [6] have not false minutia removal by simply 
presumptuous the image quality is fairly good. [9] has not a efficient healing method to remove those bogus minutia 
although it lists all types of false minutia shown in Figure7 except the m3 case. The mechanisms we used here to 
remove bogus minutia are as follows. 
 
 If the distance between one bifurcation and one termination is less than D and   the two minutia are in the same 

ridge eliminate both of them. Where D is the average inter-ridge width representing the average distance between 
two parallel neighboring ridges. 

 If the distance between two bifurcations is less than D and they are in the same ridge, eliminate the two 
bifurcations.  

 If two terminations are within a distance D and their directions are concurrent with a small angle variation. And 
they suffice the condition that no any other termination is located between the two terminations. Then the two 
terminations are regarded as false minutia derived from a broken ridge and are eliminated 

 If two terminations are located in a short ridge with length less than D, eliminate the two terminations. 
 
The above mechanisms in eliminating bogus minutia have two advantages. One is that the ridge ID is used to 
differentiate minutia and the seven types of false minutia are strictly defined comparing with those loosely defined by 
other methods. The second advantage is that the order of elimination procedures is well considered to reduce the 
computation complexity. It surpasses the way adopted by [9]that does not utilize the relations among the bogus minutia 
types. For example, the procedure3 solves the m4, m5 and m6 cases in a single check routine. And after procedure 3, 
the number of bogus minutia satisfying the m7 case is considerably reduced. As various data acquisition conditions 
such as impression pressure can simply change one type of minutia into the other, most researchers adopt the 
unification representation for both termination and bifurcation. Hence each minutia is totally characterized by the 
following parameters at last.  1) x-coordinate, 2)  y-coordinate, and 3) orientation. The orientation calculation for a 
bifurcation needs to be particularly considered. All three ridges deriving from the bifurcation point have their own 
direction, [9] represents the bifurcation orientation using a technique proposed in [13].[4] simply chooses the minimum 
angle among the three anticlockwise orientations starting from the x-axis. Both methods cast the other two directions 
away, so some information loses. Here I propose a new representation to break a bifurcation into three terminations. 
The three new terminations are the three neighbor pixels of the bifurcation and each of the three ridges connected to 
the bifurcation before is now associated with a termination respectively as shown in Figure 8.  
The orientation calculation for a bifurcation needs to be particularly considered. All three ridges deriving from the 
bifurcation point have their own direction, [9] represents the bifurcation orientation using a technique proposed in 
[13].[4] simply chooses the minimum angle among the three anticlockwise orientations starting from the x-axis. Both 
methods cast the other two directions away, so some information loses. Here I propose a new representation to break a 
bifurcation into three terminations. The three new terminations are the three neighbor pixels of the bifurcation and 
each of the three ridges connected to the bifurcation before is now associated with a termination respectively as shown 
in Figure 8.  
 

                                                                                   
(a)                                                                             (b) 

Figure 8 A bifurcations to three terminations (a) Three neighbors become terminations (b) Each termination has their 
own orientation. 

 
The orientation of each termination (tx,ty) is estimated by following method , follow a ridge segment whose starting 
point is the termination , length is D and total  all x-coordinates of points in the ridge segment. Divide above total value 

1 0 0 

0 1 1 

1 0 0 
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with D to get sx. Then get sy using the same way. Get the direction from atan ( (sy-ty) / (sx-tx) ). 

5. MINUTIA MATCH 
The minutia match algorithm determines whether the two minutia sets are from the same finger or not if two set of 
minutia of two fingerprint images are given. An alignment based match algorithm is used in this paper. It includes two 
consecutive stages, one is alignment stage and the second is match stage [4]. 
 Alignment stage: Given two fingerprint images to be matched, decide any one minutia from each image, calculate 

the similarity of the two ridges connected with the two referenced minutia points. If the similarity is larger than a 
threshold, transform each set of minutia to a new coordination system whose origin is at the referenced point and 
whose x-axis is coincident with the direction of the referenced point. 

 Match Stage: If the distance among one bifurcation and one termination is less than D and   the two minutia are in 
the same ridge eliminate both of them. Where D is the average inter-ridge width representing the average distance 
between two parallel neighboring ridges. 

5.1 Alignment Stage 
 

1. The ridge connected with each minutia is represented as a series of x-coordinates (x1, x2…xn) of the points on 
the ridge. A point is sampled per ridge length L starting from the minutia point, where the L is the average inter-
ridge length. And n is set to 10 unless the total ridge length is less than 10*L. So the similarity of correlating the 
two ridges is derived from: S = m

i=0xiXi/[m
i=0xi

2Xi
2]^0.5,  where (xi~xn) and (Xi~XN ) are the set of minutia for 

each fingerprint image respectively. And m is minimal one of the n and N value. If the similarity score is larger 
than 0.8, then go to step 2, otherwise continue to match the subsequent pair of ridges as shown in (5). 
 

2. For each fingerprint, translate and rotate all other minutia with respect to the reference minutia according to the   
       following formula:   
    

xi_new

yi_new

 i_new











xi x( )

yi y( )
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=TM * 

                                                                                            (5) 
            
           where (x,y,) is the parameters of the reference minutia, and TM is – (6) :  
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                                                                                                        (6) 

 
The new coordinate system is originated at minutia F and the new x-axis is coincident with the direction of minutia F. 
No scaling effect is taken into account by assuming two fingerprints from the same finger have nearly the same size. 
Lin’s method uses the rotation angle calculated from all the sparsely sampled ridge points. This method use the rotation 
angle calculated earlier by densely tracing a short ridge start from the minutia with length D. Since we already got the 
minutia direction at the minutia extraction stage, obviously this method diminishes the redundant calculation but still 
holds the accuracy. A transformation is carried out to directly line up one fingerprint image to another according to the 
discrepancy of the reference minutia pair. It still requires a transform to the polar coordinate system for each image at 
the next minutia match stage. This approach is to transform each according to its own reference minutia and then do 
match in a unified x-y coordinate. As a result, less computation workload is achieved through this method. 

5.2 Match Stage 
The matching algorithm for the aligned minutia patterns needs to be elastic since the strict match requiring that all 
parameters (x, y,) are the similar for two identical minutia tend to be  impossible due to the slight deformations and 
inexact quantization of minutia. Our approach to elastically match minutia is achieved 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 minutia are considered as a matched minutia pair. Each minutia in the 
template image either has no matched minutia or has only one corresponding minutia. The final match ratio for two 
fingerprints is the number of total matched pair over the number of minutia of the template fingerprint. The score is 
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100*ratio and ranges from 0 to 100. If the score is larger than a pre-specified threshold, the two fingerprints are from 
the same finger.  However, the elastic match algorithm has large computation complexity and is vulnerable to spurious 
minutia.  

6. EXPERIMENTATION AND RESULTS 
A fingerprint database from the FVC2000 (Fingerprint Verification Competition 2000) is used to check the experiment 
performance. The program tests all the images without any fine tuning for the database. The experiments show the 
program can differentiate imposturous minutia pairs from genuine minutia pairs in a certain assurance level. 
Furthermore, good experiment designs can surely get better the accuracy as declared [10]. Further studies on good 
designs of training and testing are expected to improve the result. Here is the diagram for Correct Score and Incorrect 
Score distribution as shown in figure 9. 
 

 
 

 
 
 
 
 
 
 
Figure 9 Distribution of Correct Scores and Incorrect Scores Red line: Incorrect Score Green line: Correct Scores 

 
It can be seen from the above figure that their exist two partially overlapped distributions. The Red curve whose peaks 
are mainly located at the left part means the average incorrect match score is 25. The green curve whose peaks are 
mainly located on the right side of red curve means the average correct match score is 35. This indicates the algorithm 
is capable of differentiate fingerprints at a good correct rate by setting an appropriate threshold value 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 FRR curve Blue dot line: FRR curve Red dot line: FAR curve 
 
The above diagram shows the FRR (false rejection ratio) and FAR (false acceptance ratio) curves. At the equal error 
rate 25%, the separating score 33 will falsely reject 25% genuine minutia pairs and falsely accept 25% imposturous 
minutia pairs and has 75% verification rate. The elevated incorrect acceptance and false rejection are due to some 
fingerprint images with bad quality and the vulnerable minutia match algorithm.  

7. CONCLUSION 
This paper has used many methods to build a minutia extractor and a minutia matcher. The grouping of numerous 
methods comes from a wide investigation into this paper. Some novel changes like segmentation using Morphological 
operations, minutia marking with particular considering the triple branch counting, minutia unification by 
decomposing a branch into three terminations, and matching in the unified x-y coordinate system after a two-step 
transformation are used in this paper, which are not accounted in other literatures. The program coding with MATLAB 
going through all the stages of the fingerprint recognition is put together. It is supportive to understand the procedures 
of fingerprint recognition and demonstrate the key issues of fingerprint recognition.  
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