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Abstract 

Reconstruction of bad quality 

fingerprint is a common and critical 

step in fingerprint recognition systems 

as it provides the base for the 

performance of the system. In India 

fingerprints are widely used in order 

to prove a person’s unique identity. 

Despite the widespread use of 

fingerprints, there is little statistical 

theory on the uniqueness of 

fingerprint minutiae. In this work, 

first work has been done enhancement 

in which input fingerprint is divided 

into two phases called spiral phase 

and continuous phase. First the image 

is enhanced using spiral and 

continuous phase regions with the 

help of gabor filter and connected 

component analysis in which only 

quality pixels are kept and other are 

excluded and then matching has been 

carried out to see the comparison with 

and without reconstruction. Results 

show improved performance of the 

algorithm after reconstruction of bad 

quality regions in the original input 

fingerprint images 

Keywords: Fingerprint reconstruction, 

Gabor filter, connected component 

analysis, fingerprint matching 

INTRODUCTION 

 A fingerprint is an impression of the 

friction ridges, from the surface of a 

fingertip. Fingerprints have been used 

for personal identification for many 

decades, more recently becoming 

automated due to advancements in 

computing capabilities. Fingerprint 

recognition is nowadays one of the 

most important and popular biometric 

technologies mainly because of the 

inherent ease in acquisition, the 

numerous sources (ten fingers) 

available for collection, and the 

established use and collections by law 

enforcement agencies. Automatic 

fingerprint identification is one of the 

most reliable biometric technologies. 

This is because of the well-known 

fingerprint distinctiveness, persistence, 

ease of acquisition and high matching 

accuracy rates 

 

 Fingerprint Image enhancements  

The primary aim of this paper is to 

implement a series of techniques for 

fingerprint image enhancement and 

minutiae extraction. Experiments using 

both synthetic test images and real 

fingerprint images are used to assess 

the performance of the implemented 
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techniques. These techniques are then 

used to extract minutiae from a sample 

set of fingerprint images. By using the 

extracted minutiae data, preliminary 

experiments on the statistics of 

fingerprints can then be conducted. 

It is  defined that a set of features for 

fingerprint identification, which since 

then, has been refined to include 

additional types of fingerprint features. 

However, most of these features are not 

commonly used in fingerprint 

identification systems. Instead the set 

of minutiae types are restricted into 

only two types, ridge endings and 

bifurcations, as other types of minutiae 

can be expressed in terms of these two 

feature types. Ridge endings are the 

points where the ridge curve 

terminates, and bifurcations are where 

a ridge splits from a single path to two 

paths at a Y-junction. Figure 1 

illustrates an example of a ridge ending 

and a bifurcation. In this example, the 

black pixels correspond to the ridges, 

and the white pixels correspond to the 

valleys. 

 

Figure 1: Example of a ridge ending 

and a bifurcation. 

Fingerprint images are rarely of perfect 

quality. They may be degraded and 

corrupted with elements of 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. A critical step in studying the 

statistics of fingerprint minutiae is to 

reliably extract minutiae from 

fingerprint images. Thus, it is 

necessary to employ image 

enhancement techniques prior to 

minutiae extraction to obtain a more 

reliable estimate of minutiae locations. 

Thus, image enhancement techniques 

are often employed to reduce the noise 

and enhance the definition of ridges 

against valleys. Figure 2 shows good 

quality, bad quality and noisy-wet bad 

quality images. 
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Figure 2: (a) A good quality fingerprint 

image; (b) a poor quality fingerprint 

caused by extremely dry skin; (c) a 

noisy fingerprint image. 

           LITERATURE SURVEY: 

The most widely used technique for 

fingerprint image enhancement is based 

on contextual filters. The parameters of 

these filters change according to the 

local context i.e. local ridge frequency 

and orientation. Such a filter can 

capture the local information and can 

use them to efficiently remove the 

undesired noise (i.e. fill small ridge 

breaks, fill intra-ridge holes, and 

separate parallel touching ridges) and 

preserve the true ridge and valley 

structure. The filters themselves may 

be defined in spatial or in the Fourier 

domain. 

Feng et al. [3] proposed a novel 

fingerprint reconstruction algorithm to 

reconstruct the phase image, which is 

then converted into the grayscale 

image. The proposed reconstruction 

algorithm not only gives the whole 

fingerprint, but the reconstructed 

fingerprint contains very few spurious 

minutiae. Specifically, a fingerprint 

image is represented as a phase image 

which consists of the continuous phase 

and the spiral phase (which 

corresponds to minutiae).  

Cao et al. [1] encode the prior 

knowledge about fingerprint ridge 

structures in terms of orientation patch 

and continuous phase patch 

dictionaries to improve the fingerprint 

reconstruction. The orientation patch 

dictionary is used to reconstruct the 

orientation field from minutiae, while 

the continuous phase patch dictionary 

is used to reconstruct the ridge pattern.  

Hong et al. [4] proposed method using 

gabor filters which is based on the 

convolution of the image with Gabor 

filters tuned to the local ridge 

orientation and ridge frequency. The 

main stages of this algorithm include 

normalization, ridge orientation 

estimation, ridge frequency estimation 

and filtering. 

PRESENTED SCHEME 

To implement a minutia extractor, a 

three-stage approach is widely used by 

researchers. They are preprocessing, 

minutia extraction and post-processing 

stage [Figure 3]. 
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Figure 3: Minutia Extraction process 

For the fingerprint image preprocessing 

stage, I use ridge segmentation method 

which uses distinct block processing to 

do image enhancement. Ridge 

segmentation method divides the ridge 

and non-ridge area by enhancing the 

pixel values in intensities. A mask has 

been also created which tells the ridge 

and non-ridge regions in the image. 

After this ridge orientations has been 

found  and a ridge filter has been 

applied to find out the unclear or dry 

ridges in the image. And then the 

fingerprint image is binarised using the 

locally adaptive threshold method. The 

image segmentation task is fulfilled by 

a three-step approach: block direction 

estimation, segmentation by direction 

intensity [2] and Region of Interest 

extraction by applying mask on ridge 

filtered image. Most methods used in 

the preprocessing stage are developed 

by other researchers but they form a 

brand new combination in my project 

through trial and error.  

For minutia extraction stage, the 

Morphological thinning operation is 

finally bid out with high efficiency and 

pretty good thinning quality. I select 

bifurcation points as minutia and 

Minutia has been find out with and 

without using the mask. Finally 

intersection method has been used on 

minutia points find out with and 

without using mask which gives 

effective minutia points in quality areas 

of image.  This has been done in order 

to find the valid minutia points in order 

to get better accuracy in matching 

algorithms which can be adopted by 

other researchers. 

 EXPERIMENTAL RESULTS 

Proposed method has been applied on 

images from databases taken from the 

internet. The aim of the experimental 

results section is to illustrate the results 

of each stage in the enhancement 

algorithm and to assess how well each 

stage performs. 

Stage 1): Enhancing the ridge regions 

and separation of ridge and non-ridge 

area in an image 
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Figure 4: Original image 

 

Figure 5: (a) Normalised image 

enhancing ridge area (b) mask 

generated separating ridge and non-

ridge area 

Figure 5(a) describes normalized image 

in which ridges are enhanced and in 

Figure 5(b) a mask has been generated 

on bad quality pixels. 

 

Stage 2: Ridge orientations are located 

in the image and reliable orientations 

are selected  as a tool for accessing best 

quality pixels in the image. 

 

Figure 6: Image giving orientation 

directions for the ridge regions 

Stage 3: Calculation of ridge frequency 

has been done by dividing the image 

into small blocks. Median values has 

been used in each block which enhance 

the performance of the algorithm 

 

Figure 7: Ridge frequency of different 

blocks in the image. 

Stage 4: Ridge filters are applied to 

enhance the ridge pattern 
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Figure 8: (a) original image (b) Ridge 

filtered image 

Above figure shows that ridge filter 

enhances the broken ridges in the 

image and hence results in connecting 

breaking points. 

Stage 5: Fingerprint Image Binarisation 

has been done in this step. 

 

Figure 9: (a) Ridge filtered image 

 

Figure 10 :(b) Ridge filtered binary 

image with applied threshold 0 

After ridge filtering binarisation has 

been done to separate the ridge and 

non-ridge area. It needs in order to 

carry out thinning process. 

Stage 6: Fingerprint Ridge Thinning 

has been done in order to do minutia 

findings in the image. 

Thinning process is needed to find the 

minutia points in the image. Different 

methods have been used by different 

scholars but we use morphological 

thinning. Below is the result after 

thinning process. 
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Figure 11: Thinned image 

Stage 7) Reconstruction of fingerprint 

binarized ridges and values using 

circular houghtransform , Gabor 

filtering and connected component 

analysis   

 circular hough transform  

First of all circular hough transform is 

applied to get the whorl and high 

curvature pixels in the image. We use 

‘imfindcircles’ command for this 

purpose. After this we choose the area 

where there is majority of circles in the 

image. As more circles with their 

centers at very close distance comes at 

thos points where curvature is high, we 

separated the fingerprint image into 

regions called spiral and continuous. 

Spiral phase contains pixels where 

there is whorl lining and rest is 

continuous phase where there are linear 

and less curved lines.  

            Gabor filtering 

The Gabor filter’s approach is inspired 

by a multi-channel theory for 

processing visual information in the 

human visual system. The Gabor filter 

was originally invented by Dennis 

Gabor in the year of 1946. This has 

been used widely in image analysis due 

to its nature of spatial locality, 

orientation selectively and frequency 

characteristic. On the other hand Gabor 

filter is a linear filter used for edge 

detection. Frequency and orientation 

representations of Gabor filters are 

similar to those of the human visual 

system, and they have been found to be 

particularly appropriate for texture 

representation and discrimination. In 

the spatial domain, a two-dimensional 

Gabor function g(x,y) consists of a 

sinusoidal plane wave of some 

frequency and orientation, modulated 

by a two dimensional translated 

Gaussian envelope. All filters can be 

generated from one mother wavelet by 

using some dilation and rotation 

operation. Its impulse response is 

defined by a harmonic function 

multiplied by a Gaussian function. The 

filter has a real and an imaginary 

component representing orthogonal 

direction. We have applied gabor filter 

to enhance the ridge and value 

locations in the fingerprint image 

Connected component analysis 

After that connected component 

analysis is applied to carry out the 

reconstruction process in which 

unnecessary ridge segments are 

excluded and better segments are kept 

and reconstructed to get valid minutia 

points. Toolbox function bwlabel is 

used for connected componentt 

labeling and ‘regionprops’ is used to 

get the area of different objects.. The 

calling syntax is [L, num] = bwlabel(f, 

conn) where f is an input binary image 

and conn specifies the desired 

connectivity (either 4 or 8). Output L is 

called a label matrix, and num 

(optional) gives the total number of 

connected components found. If 
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parameter conn is omitted, its value 

defaults to 8. 

 

Figure 12: localization of spiral phase 

as region of interest 

 

Figure 13: Results after applying 

connected component labeling and 

after reconstruction process 

 

Figure 14: Final image after 

reconstruction of spiral and continuous 

phases 

 

Stage 8: Fingerprint Ridge Thinning 

Thinning process is needed to find the 

minutia points in the image. Different 

methods have been used by different 

scholars but we use morphological 

thinning. Below is the result after 

thinning process.  

 

Figure 15: Thinned image 

Stage 9:Extraction of minutia for   

matching purposes   

After a fingerprint image has been 

enhanced, the next step is to extract the 

minutiae from the enhanced image. 

Following the extraction of minutiae, a 

final image post-processing stage is 

performed to eliminate false minutiae.  

As shown in figure 5.15 below, the 

terminations are marked in blue square 

boxes and branches are marked in 
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magenta colored circles. Red marks 

give the direction of the ridges.  

 

Figure 16: Minutia points marked with 

yellow plus signs as bifurcations and 

blue plus markings  as terminations. 

After this, template has been stored as 

.dat file in a folder which will be used 

in next section for matching process. 

Section 9: This portion shows matching 

similarity of two templates found.  

         For an image database, each sample is 

matched against the remaining samples of the 

same finger to compute the False Rejection 

Rate. If the matching g against h is performed, 

the symmetric one (i.e., h against g) is not 

executed to avoid correlation. All the scores 

for such matches are composed into a series of 

Correct Score. Also the first sample of each 

finger in the database is matched against the 

first sample of the remaining fingers to 

compute the False Acceptance Rate. If the 

matching g against h is performed, the 

symmetric one (i.e., h against g) is not 

executed to avoid correlation. All the scores 

from such matches are composed into a series 

of Incorrect Score. 

Table 1: Results for test fingerprint one (Red as 

correct score and Green as incorrect score) 

Sample 

image 

Matching Score 

(without 

reconstruction) 

Matching 

Score 

(with 

reconstruction) 

Image 1 60.41 68 

Image 2 87.5 100 

Image 3 64.58 80 

Image 4 25 20 

Image 5 20.83 24 

Image 6 27.08 24 

Image 7 29.16 20 

Image 8 25 40 

Image 9 22.91 40 

Image 

10 27.08 

36 

Image 

11 25 

28 

Image 

12 29.16 

24 
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Figure 17: Bar graphs for correct and 

incorrect scores for test fingerprint one 

 Conclusion  

The main focus of our work is on the 

enhancement of fingerprint images in 

which bad quality areas are 

reconstructed from the whole image, 

and the subsequent extraction of 

minutiae. The matching has been 

applied in order to check the accuracy 

and performance of the enhancement 

algorithm. Firstly, we have 

implemented a series of techniques for 

fingerprint image enhancement to 

facilitate the extraction of minutiae. 

The experimental results have shown 

that combined with an accurate 

estimation of the orientation and ridge 

frequency, the ridge filter is able to 

effectively enhance the clarity of the 

ridge structures while reducing noise. 

In contrast, for low quality images that 

exhibit high intensities of noise, the 

filter is less effective in enhancing the 

image due to inaccurate estimation of 

the orientation and ridge frequency 

parameters. However, in practice, this 

does not pose a significant limitation as 

fingerprint matching techniques 

generally place more emphasis on the 

well-defined regions, and will 

disregard an image if it is severely 

corrupted. Overall, the results have 

shown that the implemented 

enhancement algorithm is a useful step 

to employ prior to minutiae extraction. 

Experimental results found that it gives 

high values of correct scores and low 

values of incorrect score. In future, 

algorithm will be modified to get more 

minutia points as in this algorithm we 

used only terminations and 

bifurcations. 
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