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Abstract— Touchless Fingerprint Recognition system is a new option for conventional touch based fingerprint recognition 
system. Offline process helps in enhancement process and gives better result. Touchless system is differ from old conventional 
system in the way that it uses digital camera to acquire the fingerprint image. This paper helps to find a new ideal solution to the 
problems in view of hygienic, maintenance and latent fingerprints. In this paper we present a fingerprint recognition system 
based on a novel fingerprint minutiae matching algorithm. The system consist of mainly three stages - preprocessing, feature 
extraction and matching stage. The preprocessing stage is most important as it needs promising results in terms of segmentation, 
enhancement and core point detection. Favorable recognition results are attained with the Euclidean Distance Method. 
 
Keywords— Image preprocessing; minutiae-based; minutiae Extraction; False Matching Rate; False Non-matching Rate; local 
ridge orientation. 
 
I. INTRODUCTION 
 
Biometric systems can be used for identification and 
verification purposes. In these cases, there should be a 
database where biometric features from a set of 
individuals are stored. In an identification task, the role 
of the system is to compare an input image with all the 
entries in the database and verify if there is a match, 
thus finding the presence of the individual in the 
database. There are a number of problems while using 
conventional touch based sensors; image distortion, 
change in angle of rotation and displacement, wet/dry 
impressions ; user has to apply a certain quantity of 
pressure to achieve good image quality. However, this 
pressure produces unavoidable physical distortion in 
arbitrary directions. The feasible alternative is to use  
high-resolution image capturing machine like Rapid-i 
for touchless image acquisition. It uses cameras to 
directly image the fingertip. It has the advantages of 
hygiene, no latent prints, and no distortion caused by 
pressure. 

 
II. PROPOSED SYSTEM 
 
We implement a system (application software) in 
which an image of  the user’s finger is captured with  
Rapid-i machine ; by placing finger at a distance 90 
mm from  the camera (no contact) and  use that image 
to grant access. Level 1 features mainly refer to ridge 
orientation field and features derived from it, i.e., 
singular points and pattern type .Level 2 features 
refer to ridge skeleton and features derived from it, 
i.e., ridge bifurcations and endings.  
 

  

A) Proposed System Overview:  
The block diagram of the proposed touch-less 
fingerprint recognition system is shown in Fig.1. The 
main sub modules of the system comprise of: 
 

 
Fig. 1  System operation flow 

 
1) Preprocessing:  
The fingerprint images are preprocessed using the 
proposed method which normalization, fingerprint 
segmentation, image enhancement. 
2) feature extraction: 
The feature vectors are extracted by indicating the 
minutiae like Core point, Ridge Bifurcation, Ridge 
ending. 
3) Removal of False Minutaie: 
To retain the dimensionality of the feature vectors, 
some of the earlier methods introduce some spurious 
minutia points in the image. So to keep the 
recognition system consistent these false minutiae 
need to be removed. 
 4) Matching: 
The fingerprint recognition is done by using the 
Euclidean Distance Method . 
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B. Preprocessing- 
 

 
Fig. 2  RGB to Gray image conversion 

 
Firstly, the RGB fingerprint image is converted to 
gray scale [0-255]. To increase the quality caused by 
the illumination, the image is then normalized by 
changing the dynamic values of the pixel intensity. 
After this, it has to be converted to gray scale and 
then to a Logical image. This is done after 
normalizing the local mean and variance of the image 
using Gaussian filters. Sigma values for the Gaussian 
filters are chosen to be 4 and the size of the filters is 
determined using Eq.  
                           Size = 2*Hsize + 1;  
Where, ‘Hsize’ is the inverse of the normal 
cumulative 
distribution function using the corresponding mean 
“mu=0” and standard deviation “sigma=4” at the 
corresponding probabilities in “P=epsilon/2”                                                            
Hsize = ceil (-norminv (epsilon/2, 0, sigma)); 
Here, epsilon = 1e-1;  
Output is the local normalization effect of input 
image using local mean and standard deviation. 
After the normalization, The gray scale image has to 
be converted to a logical image in order to extract the 
ridges perfectly by the process is called Binarization. 
And it is necessary to have an adaptive thresholding 
algorithm. and followed by the morphological 
processing for Thinning Purpose: The orientations of 
the ridges are utilised for minutia extraction. Now, 
the black  and   white image consists  of  ridges  of    
width 
 

 
Fig. 3  Binarization Process 

 
more than a pixel. This prevents us from extracting 
the minutiae points and hence the ridges are to be 

thinned. Thinning is done by using the bwmorph” 
function. 
                  Bwmorph (img1,''thin'',''Inf'') 
Where “img1” is the input binary image that has to be 
thinned. With thinning, it is necessary to remove H-
breaks and spikes in the image. H-breaks are 
unnecessary noise bridges that connect two or more 
ridges. 
                        

 
Fig. 4 Thinning Process 

 
C: Feature Extraction 
Addition to capture both frequency and orientation 
information from a fingerprint image. Therefore, we 
Minutiae points are the unique identification points 
such as “bifurcation”, “termination” points. First 
process in extracting the minutiae points is to 
determine the central point points of a 3*3 sliding 
filter block. Connected components of each block are 
determined by using the “Bwlabel” function. This 
method involves the use of the skeleton image where 
the ridge flow pattern is eight connected. The 
minutiae are extracted by scanning the local 
neighborhood of each ridge pixel in the image using a 
3×3 window. A minutia marking is now done using 
templates for each 3 x 3 pixel window as follows- 
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. 
 

 
Fig. 5 Minutiae extraction Process 
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But, there will be a lot of spurious minutiae and in 
order to remove them, Euclidean distance estimation 
is used. We give a threshold=6 and measure the 
distance between the termination and bifurcation 
points. Input arguments for distance measurement are 
x1 and x2 consisting of termination and bifurcation 
central points respectively. 
(a) If the distance between a termination and a   
bifurcation < D, we remove this minutiae. 
(b) If the distance between two terminations < D, we 
remove this minutiae point. 
(c) If the distance between two bifurcations < D, we 
remove this minutiae point. 
The above conditions removes the spurious minutiae 
points present on the image. These conditions were 
based on the Euclidean distance between the minutiae 
points.  

 
                       Fig. 6 False Minutiae Removal         
 
E. Feature Matching 
For the comparison purpose in identification the 
identity of an individual through the feature 
matching, we have adopted Euclidean distance. The 
Euclidean distance (L2-norm) is the distance between 
feature vectors that is computed as a straight line. It is 
the most commonly used standard calculation defined 
as: 

 
The fingerprint matching algorithm is based on ridge 
alignment. It accepts two template files, and returns 
the maximum similar certainty of the two fingerprint 
template files. Similar certainty of the two fingerprint 
template files. 
(i) The location of the minutiae points and their 
orientation are considered as three separate columns.  
(ii) The current two minutiae points are chosen as 
origins and other minutiae are adjusted based on the 
origin minutiae. 
(iii) The distance between the origin minutiae points 
and other two points are calculated and saved as a 
separate column and integrated with the template file. 

(iv) For matching, the template file is first 
decomposed 
into minutiae, ridge and distances dataset separately. 
(v) The similarities between two minutiae orientation 
and distances columns is calculated. 
(vi) Minimum ridge length is chosen and the 
similarity certainty of two ridges is compared. 
(vii) All the minutiae from the two templates are 
transferred based on the reference minutiae. If a given 
pair is within a box of 20*20, they have small 
direction variation i.e. ‘pi/3’. Hence they are 
considered as matched pair. The largest matching 
score is then obtained. 
The above steps imply the method of saving and 
matching the fingerprints. The matching percentage 
will be displayed in a pop-up box. 
 
III. EXPERIMENTAL RESULTS 
 
In general, there are two types of errors in the 
verification system: false acceptance rate (FAR) and 
false reject rate (FRR). Our system performance is 
determined by using the Equal Error Rate (EER), i.e. 
FAR = FRR. Here we have compared our results with 
another matching algorithm – correlation method. 
Our method of minutiae matching algorithm gives 
better result i.e. low EER.  
 
 

 
Fig. 7 EER by Level-1 Correlation method 

                   

 
Fig. 8 EER by Level-2 Proposed  method 

 
CONCLUSION 
 
This paper proposed level-2 touchless fingerprint 
recognition method, while touchless imaging has the 
advantages of hygiene, avoiding fingerprint 
deformation, and not producing latent prints. 
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However, touchless imaging does suffer from low 
ridge–valley contrast and perspective distortion 
between images of different views. Experimental 
results showed that the EERs obtained with test 
images is given better result than that of other 
methods i.e. correlation method. 
 
LOOKING AHEAD 
 
While our implementation is successfully able to 
decide whether 2 fingerprint images belong to the 
same finger . First of all the enhancement of image 
can be improved by Mosaicking of various angles or 
to capture image in 3D will give the better result. 
Also, the computation time of the algorithm is still 
too high. In order to make our implementation more 
efficient, there is scope for improvement in the image 
enhancement process and minutiae matching 
algorithm. Image enhancement/pre-processing  is 
generally the most crucial step as thinning and 
minutiae extraction simply cannot proceed to give 
any useful results as long as the quality of the image 
should be very high. With minutia extraction, to get 
more accurate result or to minimize FAR, more core 
points like arch, whorl, delta, crossover, Bridge can 
be considered. 
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