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Abstract— My Project is to overcome drawbacks in the 

current techniques for touch-less fingerprint recognition. I 

focus mainly image preprocessing, feature extraction and 

feature match. Each task analyzed by classical and up-to-date 

methods. Depending on the analysis, an integrated solution for 

demonstration of fingerprint recognition is developed.  

My demonstration program is coded by MATLAB. 

To improve the performance of  system optimization at coding 

level and algorithm level are proposed. The enhancements of 

performance can be judged by conducting experiments upon a 

variety of fingerprint images. The touch-less fingerprint 

recognition system can be divided into three main modules: 

preprocessing, feature extraction and matching. I put more 

emphasis on them so that the drawbacks in current techniques  

can be overcame .  

Index Terms - Fingerprint acquisition, mosaicking, touchless 

multiview imaging, feature pattern, histogram equalization.                                                                                                                                                                 

1. INTRODUCTION 

Range of techniques is available for identity verification using 

biometrics. Such as Iris, Face, Voice and Finger-Print. Of 

which finger-print recognition plays an important role in 

verification. Fingerprint is the feature pattern of one Finger.  

Each person has his own fingerprints with the sub-task, some 

classical and up-to-date methods in permanent uniqueness. A 

fingerprint is composed of many ridges and furrows. 

Fingerprints are not distinguished by their ridges and furrows, 

but by Minutia, which are some abnormal points on the ridges. 

Among them two are mostly significant 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 : Minutia. 

Fingerprint recognition grouped in verification and  

identification. Other than manual approach of fingerprint 

recognition, it is referred as AFRS (Automatic Fingerprint 

Recognition System),is program based         

.  

Fingerprint verification verify  authenticity. User provides 

fingerprint together with  identity. Verification system 
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retrieves fingerprint template according to identity and 

matches the template with the real-time acquired fingerprint 

from the user. Identification is to specify fingerprint. without 

identity, the Identification system tries to match his fingerprint 

with database.  

2. SYSTEM  DESIGN 

Most of the Fingerprint sensors are uses  “touch” method since 

it is simple. Touch sensors acquire fingerprint images as  

fingerprint is contacted on a solid flat sensor. The person 

requires to press his/her finger against a flat rigid surface, so 

called touch-based methods. This acquired image compared 

with  image stored in  device and  depending on the matching 

percentage of both the images the access is given to the user. 

Touching or rolling a finger onto a rigid sensing surface, 

elastic skin of  deforms. The quantity and direction of the 

pressure applied by the user, introduce distortions, noise, and 

inconsistencies on the captured fingerprint image and causes 

negative effects, with increasing complexity for matching.  

The touch-less fingerprint technology requires no 

contact  

between  skin of   finger and  sensing area, is a remote sensing  

technology to   capture the ridge-valley pattern to provides 

essential  information. Digital camera is used to present a 

touch-less fingerprint recognition system. Images  are 

acquired using these cameras.   

 

   Prototype & Schematic view  

A touchless multiview fingerprint capture system that acquires 

three different views of fingerprint images at the same time. 

This device is designed by optimizing parameters regarding 

the captured fingerprint image quality and device size. A 

fingerprint mosaicking method is proposed to splice together 

the captured images of a finger to form a new image with a 

larger useful print area.  

A. System Level Design 

A fingerprint recognition system constitutes 

of fingerprint acquiring device, minutia 

extractor and minutia 

matcher  

Fig. : Fingerprint Recognition System 

Optical or semi-conduct sensors used for acquisition. They 

have high efficiency and acceptable accuracy except for some 

cases that the user’s finger is too dirty or dry. The minutia 

extractor and minutia matcher modules are explained in detail 

in the next part for algorithm design and other subsequent 

sections.    

B. Algorithm Level Design 

To implement a minutia extractor, preprocessing, minutia 

extraction and postprocessing stage are used.  

 

 Figure: Minutia Extractor 
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For  preprocessing stage, Histogram Equalization and Fourier 

Transform is used, to enhance image then image is binarized 

using the locally adaptive threshold method. The image 

segmentation task is fulfilled by a three-step approach: block 

direction estimation, segmentation by direction intensity and 

Region of Interest extraction by Morphologicaloperations. For 

postprocessing,  more rigorous algorithm is developed to 

remove false minutia. Also a novel representation for 

bifurcations is proposed to unify terminations and 

bifurcations. The minutia matcher with two minutia as a 

reference  pair matches  associated ridges first. If  ridges 

match well, two fingerprint images are aligned and matching 

is conducted for remaining minutia. Enhancement is for 

making image clearer for  further operations. Since the 

fingerprint images acquired from sensors are not assured with 

perfect quality, those enhancement methods, for increasing the 

contrast between ridges and furrows and for connecting the 

false broken points of ridges due to insufficient amount of ink, 

are very useful for keep a higher accuracy to fingerprint 

recognition. Two Methods are adopted in my fingerprint 

recognition system:  Histogram Equalization; and  Fourier 

Transform. Histogram Equalization:To expand the pixel value 

distribution of an image so as to increase the perceptional 

information Histogram Equalization is carried. The original 

histogram of a fingerprint image has the bimodal type  the 

histogram after the histogram equalization occupies all the 

range from 0 to 255 and the visualization effect is enhanced.                                      

The figure after the histogram equalization is 

  

Original Image (Left). Enhanced image (Right) 

 Fingerprint Enhancement by Fourier Transform  Image 

divided  into small processing blocks (32 by 32 pixels) and 

perform  

Fourier transform according  

      (1) 

for u = 0, 1, 2, ..., 31 and v = 0, 1, 2, ..., 31. 

To enhance a specific block by its dominant 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   (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 appearance of the ridges, filling up small 

holes in ridges, having too high a "k" can result in false 

joining of ridges. Thus a termination might become a 

bifurcation. Figure  presents the image after FFT 

enhancement. 

 

Enhanced image after FFT has  improvements to connect 

some falsely broken points on ridges and  removes some 
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spurious connections between ridges. Image found after 

consecutive binarization operation is good.    

Fingerprint Image Binarization :- Fingerprint Image 

Binarization is to transform the 8-bit Gray fingerprint image to 

a 1-bit image with 0-value for ridges and 1-value for furrows. 

After the operation, ridges in the fingerprint are highlighted 

with black color while furrows are white.                                    

Fingerprint Image Segmentation:- Only a Region of Interest 

(ROI) is useful to be recognized for each fingerprint image. 

The image area without effective ridges and furrows is first 

discarded. Then bound of remaining effective area is sketched 

out since the minutia in the bound region are confusing with 

those spurious minutia that are generated when the ridges are 

out of the sensor. To extract the ROI, a two-step method is 

used. The first step is block direction estimation and direction 

variety check,  second is intrigued from some Morphological 

methods. Block direction estimation :- Estimate the block 

direction for each block of the fingerprint image with WxW in 

size(W is 16 pixels by default).              

The algorithm is: Calculate the gradient values along x-

direction (gx) and y-direction (gy) for each pixel of  block. 

Two Sobel filters are used to fulfill task. For each block, use 

Following formula to get Least Square approximation of  

block direction.tg2ß = 2   (gx*gy)/   (gx2-gy2) for all 

the pixels in each block.The blocks without significant 

information on ridges and furrows are discarded based on the 

following formulas: E = {2   (gx*gy)+    (gx2-gy2)}/ 

W*W*   (gx2+gy2) 

ROI extraction by Morphological operations 

‘OPEN’ and ‘CLOSE’ Morphological operations 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. 

3. MINUTIA EXTRACTION 

A. Fingerprint Ridge Thinning 

Ridge Thinning is to eliminate the redundant pixels of ridges 

till the ridges are just one pixel wide. One method is parallel 

thinning algorithm. In each scan of the full fingerprint image, 

the algorithm marks down redundant pixels in each small 

image window  (3x3). And finally removes all those marked 

pixels after several scans.  Another method uses a one-in-all 

method to extract thinned ridges from gray-level fingerprint 

images directly. This method traces along the ridges having 

maximum gray intensity value. However, binarization is 

implicitly enforced since only pixels with maximum gray 

intensity value are remained. The advancement of each trace 

step still has large computation complexity although it does 

not require the movement of pixel by pixel as in other thinning 

algorithms. Thus the third method is bid out which uses the 

built-in Morphological thinning function in MATLAB.  

A. Minutia Marking:-          

 After the fingerprint ridge thinning, marking minutia points is 

relatively easy. 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   

      

 

 

 

 1 1 0 0 0 1 

0 0 1 1 0 0 

0 0 0 1 0 0 
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4. MINUTIA POSTPROCESSING 

A.False Minutia Removal: 

The preprocessing stage does not totally heal the fingerprint 

image. Actually all the earlier stages themselves occasionally 

introduce some artifacts which later lead to spurious minutia. 

These false minutia will significantly affect the accuracy of 

matching if they are simply regarded as genuine minutia. So 

some mechanisms of removing false minutia are essential to 

keep the fingerprint verification system effective. My 

procedures in removing false minutia are: 

1.If the distance between one bifurcation and one termination 

is less than D and   the two minutia are in the same ridge(m1 

case) . Remove both of them. Where D is the average inter-

ridge width representing the average distance between two 

parallel neighboring ridges. 

2.If the distance between two bifurcations is less than D and 

they are in the same ridge, remove the two bifurcations. (m2, 

m3 cases). 

3.If two terminations are within a distance D and their 

directions are coincident 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 removed. (case m4,m5, m6). 

4.If two terminations located in short ridge with length less 

than D, remove two terminations (m7).     

 My proposed procedures in removing false minutia      

 have two advantages. The ridge ID is used to  distinguish 

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 removal 

procedures is well considered to reduce the computation 

complexity. It surpasses the way adopted by [10] that does not 

utilize the relations among the false 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 

false minutia satisfying the m7 case is significantly reduced.  

B.Unify Terminations And Bifurcations:-                   

Since various data acquisition conditions 

such as impression pressure can easily change one type of 

minutia into other, most researchers adopt unification 

representation for both termination and bifurcation. So each 

minutia is completely characterized by following parameters 

at last: 1) x-coordinate, 2) y-coordinate, and 3) orientation. 

The orientation calculation for a bifurcation needs to be 

specially considered. All three ridges deriving from the 

bifurcation point have their own direction, represents the 

bifurcation orientation. Here I propose a novel 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.   

 

 

Figure:- A bifurcation to three termination  

And the orientation of each termination (tx,ty) is  

estimated by following method : Track a ridge segment whose 

starting point is the termination and length is D. Sum up all x-

coordinates of points in the ridge segment. Divide above 
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summation 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 given 

two minutia sets are from the same finger or not. An 

alignment-based match algorithm It includes two consecutive 

stages: one is alignment stage and the second is match stage. 

 

A.Alignment stage:  

Given two fingerprint images to be matched, choose any one 

minutia from each image, calculate the similarity of the two 

ridges associated 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. 

1.The ridge associated 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 next pair of ridges.

                

 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
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i  
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where (x,y,) is the parameters of the reference minutia, and 

TM is 
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Diagram illustrate  effect of translation and rotation .         
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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. My method use the rotation angle calculated 

earlier by densely tracing a short ridge start from the 

minutia with length D. Since I have already got the 
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minutia direction at the minutia extraction stage, 

obviously my method reduces the redundant calculation 

but still holds the accuracy. Also Lin’s way to do 

transformation is to directly align one fingerprint image 

to another according to the discrepancy of the reference 

minutia pair. But it still requires a transform to the polar 

coordinate system for each image at the next minutia 

match stage. My approach is to transform each 

according to its own reference minutia and then do 

match in a unified x-y coordinate. Therefore, less 

computation workload is achieved through my method. 

A. Match stage:  

After getting two set of transformed minutia points, the 

elastic match algorithm 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 since 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 quantizations of  minutia.My 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 regarded 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 

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. CONCLUSTION 

My project has combined many methods to build a 

minutia extractor and a minutia matcher. The 

combination of multiple methods comes from a wide 

investigation into research paper. Also some novel 

changes like segmentation using Morphological 

operations, minutia marking with special 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 my project, which 

are not reported in other literatures I referred to. Also a 

program coding with MATLAB going through all the 

stages of the fingerprint recognition is built.  It is 

helpful to understand the procedures of fingerprint 

recognition. And demonstrate the key issues of 

fingerprint recognition.  
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