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Abstract 
 

A fingerprint is one of the most vital Biometric traits used for Personal Identification. To identify and match the fingerprint accurately, it 

has to be enhanced efficiently. In this paper, an efficient fingerprint enhancement technique is adopted and compared with the existing 

methods. The proposed methodology consists of three Phases. In the first phase, the fingerprint is subjected to the de-noising process. 

After adding noise such as salt and pepper, Gaussian and speckle noise, the image is blurred. In the second phase, the fingerprint is fil-

tered with Wiener filter and then de-blurred. In the third, the filtered image is further enhanced for more clarity. The paper emphasizes, 

the fingerprint preprocessing followed with the enhancement produces better quality image. The performance of the proposed methodol-

ogy is compared and evaluated using two performances measures namely Peak-Signal-Noise –Ratio and Mean Squared Error using 

Matlab R2013a. 
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1. Introduction 

A tremendous growth in the advances of information technology 

evenly requires security for personal identification and authentica-

tion. It leads to the automatic personal identification systems on 

Biometrics. The Biometric system provides a reliable solution to 

the problem of identifying an individual by acquiring the physio-

logical or behavioral characteristics such as fingerprint, iris, palm 

print, hand geometry, voice, signature, etc. Biometric features play 

an imperative role for personal identification. Among them, fin-

gerprint place a significant role and have a high level of reliability. 

Fingerprint recognition is one of the primary tasks of the Integrat-

ed Automated Fingerprint Identification Service (IAFIS).[1] it 

contains fingerprint classification, fingerprint enhancement, and 

fingerprint matching. A fingerprint is referred as an outline of 

interleaved ridges and valleys on the tip of the finger. It is an im-

pression left by the friction ridges in which each ridge is defined 

by one pixel wide. The different forms of ridges, where it emerges, 

ends, splits or merges with another ridge is termed as minutiae. 

There are two types of minutiae namely ridge ending and bifurca-

tion. The number of incidence of minutiae differs from one finger-

print to another. The fingerprint image has to be enhanced and 

further pre-processed to skeletonize the ridges and to make them 

clear, to identify the minutiae correctly. The minutiae are extract-

ed, and the value of the friction ridges is manipulated for finger-

print verification and matching. A numerous automatic minutiae 

extraction algorithm have been proposed and are carried out by the 

researchers. An important aspect of every research done in image 

processing must require a reliable and standard input image.[1] In 

practice, the clamor might adulterate the fingerprint. This defile-

ment may prompt the awful print and decrease the effectiveness of 

the outcome. Therefore, fingerprint enhancements techniques are 

essential and ought to be performed to improvise an image before 

processing. The paper mainly focuses on the possible enhance-

ment steps to refine the fingerprint into a better quality image. 

Most of the authors enhances the fingerprint through some mor-

phological operations and finally filter the noisy image using ex-

isting filters. This paper includes all the possible morphological 

operation for enhancing the fingerprint before and after filtering. 

To work out a distinct and effective result the proposed methodol-

ogy involves Otsu thersholding Binarization, Histogram equaliza-

tion, adding noise , blurring then deblurring and filtering using 

Wiener filter. The filtered fingerprint is further enhanced using 

morphological operations such as contrast and sharpening and 

thinning. 

2. Literature survey 

P.Gnanasivam et al. proposed two stages of processing for finger-

print image enhancement. In the first stage, the fingerprint is en-

hanced using Gabor filter and the second stage involves refine-

ment of ridges using three stages Morphological filtering followed 

by the thinning process. Bilinear interpolation is done to resize the 

image into the standard size. The image is first normalized and 

then segmented followed by the Morphological filtering transfor-

mation. The enhancement step involves normalization, segmenta-

tion and filtering. [2]  

Neethu et al. uses Fourier transform algorithm, and is possibly 

done by multiplying the FFT of the block by its magnitude a set 

number of times. The algorithm manipulates the ridges finely 

thicker and skeletonize. The author also states that if the magni-

tude scale of the FFT is squared, power or cubed, an image will be 

still better.The enhancement step involves contrast, histogram 

equalization, binarzation and then finally filtered using FFT. [1] 

Subba Reddy Borra et al., proposed methodology using three 

modules. In the first module the fingerprint is subject to de-

noising process using Wave Atom transform, then in the second 
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module image is enhanced using an optimization algorithm name-

ly Modified Cuckoo search.[3]  

Feng Zhao et al. developed a methodology that enhances the fin-

gerprint using adaptive thresholding and thinning followed by 

minutiae extraction .[4]  

Sanghoon Lee et al. developed a method where a color fingerprint 

image is segmented and thinned using gradient based approach.  

Om Preeti Chaurasia developed an algorithm that includes normal-

ization, segmentation and finally image de-noising using Direc-

tional Weighted Median filter. The enhancement of involves bina-

rization , central line thinning , dilation ,refining followed by fil-

tering.[5]  

I.Golda Seelia et al. proposed a methodology that includes histo-

gram equalization for contrast and Wiener filter and Gobar filter 

for noise reduction. The fingerprint image is enhanced by applying 

binarization and adaptive thresholding .[6] 

Raju Rajkumar and K Hemachandran proposed a Directional filter 

technique which is one of the multi-resolution enhancement meth-

ods. It removes the noise from the fingerprint image by decompos-

ing the image into several frequency bands or sub images.[7]  

Greenberg et al. proposed a fast fingerprint enhancement algo-

rithm based on an anisotropic filtering. The enhancement involves 

histogram equalization, wiener filtering, Binarizarion followed by 

morphological filtering.[8]  

3. Proposed methodology 

The proposed methodology for Fingerprint preprocessing is illus-

trated below. 

 

 
Fig. 1: Enhancement Methodology. 

 

Fig 1 briefly explains the fingerprint pre processing methodology 

using Weiner filter. To refine the ridges three enrichment opera-

tions were adopted. 

Step 1: Input fingerprint gray image is first converted into the 

Binary image using Otsu method.  

Step 2: The Binary image is brightened through histogram equali-

zation. 

Step 3: The equalized Binary image is de-noised and blurred too. 

Step 4: The de-noised and blurred image is filtered using Wiener 

filter. 

Step 5: The filtered image is further contrasted and sharpened  

Step 6: The enhanced fingerprint image is finally thinned. 

 
(A) (B) 

  

Fig. 2: (A): Original Image Fig. 2(B): Histogram of Original Image 

 

The above Fig2 (a) shows the original image and Fig2 (b) gives 

the histogram of the given fingerprint image. 

3.1. Binarization using otsu thresholding 

The Binarization is a process of converting a gray image into a 

double image. The function im2bw changes the grayscale image to 

double image. The binary images are in the form of 0’s and 1’s.0 

to represent the black pixels whereas 1 to represent the white pix-

els. Otsu thresholding technique is used for binarization. The pro-

cedure replaces all pixels in the input image with the luminance 

more prominent than level with the esteem 1[5].The primary mo-

tivation behind the changing of an input image into a binary image 

is to compute the threshold value. It involves examining the gray-

scale value of each pixel in an enhanced image. If the pixel values 

are greater than the threshold value then the pixels are converted 

to white pixels or else the pixels are converted to black pixels. 

 
(A) (B) 

  
Fig. 3: (A): Binary Image Fig. 3(B): Histogram of Binary Image. 

 

Fig 3(a) Coverts the input gray image into Binary image using 

Otsu thresholding and Fig3 (b) shows the histogram of the Binary 

image. 

3.2. Histogram equalization 

The image is further enhanced through histogram equalization. 

The histogram equalization improves the contrast of images by 

transforming the values 1 and 0.The black and white pixels are 

turned to visualize the picture brighter. The histogram of an image 

provides the intensity level in the image as a graphical representa-

tion.[9]. 

 
(A) (B) 

  

Fig. 4: (A): Histogram Equalization Fig. 4(B): Histogram of Equalized 

Image. 
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Fig 4(a) shows the histogram equalization of a binary image and 

Fig 4(b) shows the histogram of equalized image. 

3.3. De-noising and blurring 

The Noise removal in images is an important part of image pro-

cessing. The above image is de-noised using three different noises 

namely salt and pepper, Gaussian and speckle noise. The noisy 

fingerprint is then blurred to adapt the filtering technique. 

 
(A) (B) 

  
Fig. 5: (A) Noisy Image Fig. 5(B): Blurred Image. 

 

 
Fig. 5: (C) Histogram of Noisy Image. 

 

The above Fig 5(a) shows the noisy image, specifically salt and 

pepper noise is added to the image .This noisy image is further 

blurred given in Fig 5(b).The histogram of noisy image is shown 

in Fig 5(c). 

3.4. De-blurring and filtering 

Images are often corrupted by random variations in intensity, illu-

mination or have poor contrast. So images are filtered for en-

hancement and smoothening. Filtering increases the pixel intensity 

values. In our proposed methodology, the noisy and the blurred 

images are de-blurred and filtered using Wiener de-blurring filter. 

 
(A) (B) 

  
Fig. 6: (A) Filtered Image Fig. 6 (B) Histogram of Filtered Image. 

 

Fig 6(a) shows the filtered image. Wiener filter is one of the most 

important filtering techniques to remove the noise as well the 

blurred image. Fig 6(b) shows the histogram of filtered image. To 

actualize the Wiener filtering, it is basic to compute the power 

spectra of the original image and the noise. The main aim of this 

filter is to minimize the mean squared error. Consider the Wiener 

filtering frequency domain as W (u, v).The restored image states 

as[10]. 

 

Xn (u, v) =W (u, v).Y (u, v) – Equation 1.[12] 

 

In equation 1, Where Y (u, v) is the received signal, and Xn (u, v) 

is the restored image. 

3.5. Fingerprint enhancement 

The filtered image is further enhanced through two operations 

namely sharpening and contrast. The input image is first bright-

ened through two-step process which includes binarization and 

histogram equalization. The filtered image is first sharpened and 

then contrast to increase the intensity of a picture. The function 

imsharpen () returns an enhanced gray scale image where the im-

age features such as edges has been sharpened. Sharpening in-

creases the contrast along the edges where different colors meet. 

The contrast function enhances the intensity of an image equally. 

It makes the image to gaze brighter. Enhancement after filtering 

increases the intensity of an image to a higher level and also it 

gives a better image quality. 

 
(A) (B) 

  

Fig. 7: (A) Sharpened Image Fig. 7 (B) Contrast Image. 

 

Fig 7(a) and 7(b) shows the enhanced images after filtering. 

 

 
Fig. 7: (C) Histogram of Enhanced Fingerprint. 

 

Fig 7(c) shows the enhanced fingerprint image after filtering. 

3.6. Thinning 

After enhancing, the fingerprint is thinned using Central Line 

Thinning algorithm in which black pixels are converted into white, 

whereas white pixels are kept as such[5]. There are almost 27 

different thinning algorithms, whereas Central Line Thinning al-

gorithm is one of the better algorithms that retain the original im-

age after thinning process. Thinning is one of the morphological 

operations applied to a binary image. It is used to identify and 

eliminate the redundant pixels of ridges which are one pixel wide. 

Thinning is the final enhancement step performed before minutiae 

extraction. It is an iterative process, and it is repeated continuously 

until all ridges become one pixel wide. Ridges are thinned for 

efficient minutiae detection[11]. 

 

 
Fig. 8: Thinning Image. 

 

Fig 8 shows the thinning image after enhancement to make the 

fingerprint clearer. 

4. Results and discussions 

4.1. Dataset 

The proposed methodology has been implemented in Matlab 

2013, and particular Image processing Toolbox has been used for 

fingerprint filtering and enhancement [3]. The implementation has 

been done on the fingerprints obtained from FAC2000, consist of 

four databases namely DB1, DB2, DB3, and DB4. Each database 

is acquired through different sensor devices. In this paper, DB2 is 
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used. The fingerprints obtained by using a low-cost capacitive 

sensor and the image size is 256x364.The database consists of two 

sets namely set A comprises of 800 fingerprints and set B com-

prises of 100 fingerprints with the resolution of 512 dpi. The fin-

gerprints in set B were trained and tested for results. The samples 

chosen for the performance were of .tiff format. 

4.2. Performance measures 

Image Enhancement improves the quality of a digital image. The 

techniques that provide better quality image given by the authors 

vary from person to person. So it is necessary to ascertain some 

practical measures to compare the enhancement techniques that 

produce better quality image. The two important metrics to define 

the quality of the image are Peak-Signal- Noise-Ratio (PSNR) and 

Mean Squared Error (MSE). PSNR is an expression that calculates 

the ratio of the maximum possible value of a signal and the power 

of distorting noise that affects the image quality. It is commonly 

represented in decibel value. The Mathematical notation of PSNR 

is 

 

PSNR= 20* log (max (max (f)))/ (MSE) ^0.5) – Equation 2 

 

Equation 2 calculates the PSNR value of the given image using 

the formula, Where f represents the original Image, max is the 

maximum signal value that exists for a good image. 

The MSE represents the average errors between the actual image 

and the noisy image. The error is the quantity by which the values 

of the original image differ from the noisy image. The mathemati-

cal notation of MSE is  

 

MSE= (1/m*n))*sum (sum ((f-g). ^ 2)) – Equation 3 

 

Equation 3 .calculates the MSE value of the given image using the 

above formula., where f represents the original image, g accounts 

for the noisy image, m represents the number of rows of pixels of 

an image, n represents the number of columns of pixels of the 

image and Max is the maximum signal value that exists in our 

original image.  

4.3. Experimental observation 

The parameters measures like Peak Signal Noise Ratio (PSNR) 

and Mean Squared Error (MSE) values for the images, before and 

after enhancing are tabulated and also represented in the form of 

graphical representation. The effectiveness of the proposed tech-

nique is analyzed by adding different types of noises to the finger-

print images and the same images are enhanced using the pro-

posed wiener filtering technique. The noises that are added for 

testing are Salt and pepper, Gaussian and Speckle. Table 1.gives 

the PSNR and MSE values for the enhanced fingerprint by adding 

salt & pepper noise and Figure 8 & 9 gives the graphical represen-

tation of the parameter measures separately. Table 2 gives the 

PSNR and MSE values for the enhanced fingerprint by adding 

Gaussian noise and Figure 10 & 11 shows the graphical represen-

tation of the parameter measures separately. Table 3 gives the 

PSNR and MSE values for the enhanced fingerprint by adding 

Speckle noise and Figure 12 & 13 shows the graphical representa-

tion of the parameter values separately.  

The Proposed methodology is also compared with the existing 

methodologies based on the PSNR value. Table 4 shows the com-

parative analysis and Figure 14 gives the pictorial representation 

of the comparison. From the above experimental observation the 

PSNR value of the proposed methodology provides an average of 

73% which seems to be a better value when compared to the exist-

ing.  

4.4. Adding salt and pepper noise 

Table 1 signifies the input image that undergone Pre-processing 

steps which include adding of salt and pepper noise, blurring, 

filtering, and enhancement. The Table1 also represents the perfor-

mance measures namely Peak-signal-noise-ratio and Mean-

Squared-Error after each iteration. 

 

 

 
Table 1: Enhanced Fingerprint Images with Its PSNR and MSE 
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(A) (B) 

  

 
Fig. 9: (A) Graphical Representation for PSNR Values of Enhanced Fingerprint after the Removal of Salt & Pepper Noise. (B) Graphical Representation 

for MSE Values of Enhanced Fingerprint after the Removal of Salt & Pepper Noise. 

4.5. Adding gaussian noise 

Table 2: Enhanced Fingerprint Images with Its PSNR and MSE 

 
 

(A) (B) 

  
Fig. 10: (A) Graphical Representation for PSNR Values of Enhanced Fingerprint after the Removal of Gaussian Noise. (B) Graphical Representation for 

MSE Values of Enhanced Fingerprint after the Removal of Gaussian Noise 

 

Table 2. Signifies the input image that undergone Pre-processing 

steps which include adding of Gaussian noise, blurring, filtering, 

and enhancement. The Table 2 also represents the performance 

measures namely Peak-signal-noise-ratio and Mean-Squared-Error 

after each iteration 

4.6. Adding speckle noise 

Table 3 Signifies the input image that undergone Pre-processing 

steps which include adding of Speckle noise, blurring, filtering, 

and enhancement. The Table 3 also represents the performance 

measures namely Peak-signal-noise-ratio and Mean-Squared-Error 

after each iteration. 
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Table 3: Enhanced Fingerprint Images with Its PSNR and MSE 

 
 

(A) (B) 

  
Fig. 11: (A) Graphical Representation for PSNR Values of Enhanced Fingerprint after the Removal of Speckle Noise. (B) Graphical Representation for 
MSE Values of Enhanced Fingerprint after the Removal of Speckle Noise. 

 

5. Comparative study of the proposed meth-

odology with existing methodologies 

Table 4: Comparison of Proposed Methodology with Existing Methodolo-

gies 

 
 

Table 4 given above presents the comparative study of the pro-

posed enhancement methodology with other existing methodology 

in the literature. The PSNR values for proposed and existing 

methods are evaluated and given in the table4. 

 
Fig. 12: Graphical Representation of Comparison Chart of Proposed 

Methodology. 

 

Fig 12 gives the pictorial representation of the comparison chart of 

proposed methodology with other existing methods based on the 

PSNR values and techniques used. From the graph, it is apparent 

that our proposed method provides a better result when compared 

with the existing methods 

6. Conclusion 

An Efficient Fingerprint enhancement methodology has been de-

fined. The proposed method uses Wiener Filter with re-blurring 

followed by three enhancement operations. The proposed method-

ology consists of all the possible enhancement operations. The 
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step by step illustration of the proposed method was also stated in 

this paper. The experimental observation of the methodology has 

been predicted by adding three different noises such as salt and 

pepper , Gaussian noise and speckle noise and the performance 

was measured by two parameter measures namely PSNR and 

MSE .The values were tabulated and picturized separately. The 

paper also focused on the comparative study of proposed method-

ology than with other existing methodologies. The result shows 

the effectiveness of the proposed methodology as it gives a gives a 

better PSNR value of 73.1627 when compared with other existing 

methods. 
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