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Abstract 

The fingerprint image quality is very important for a fingerprint 
biometric authentication system. Therefore, the performance of the 
extraction of the minutiae of the fingerprint strongly depends on the 
biometric fingerprint image. As a result, the image enhancement 
stage of the recognition process has a significant impact on the 
biometric fingerprint verification system's performance. Image 
enhancement is a critical stage in biometric fingerprint recognition 
that improves image quality by reducing noise, repairing broken 
ridges, and smoothing the image. In this paper compare three 
methods like Canny algorithm, Sobel edge detection Laplacian edge 
detection with proposed composite algorithm that uses a Gaussian 
mask to smooth the image and two sobel convolutions to detect 
edges. The proposed research work is implemented using .net 
technology and with FingerDos database. The performance of 
proposed work is compared using parameter like PSNR, MSE, and 
execution time and quality of an image prove that proposed 
algorithm give better performance.     

    Keywords: Fingerprint, Biometric, Authentication, Image Enhancement,  
     Minutiae Extraction, Edge Detection   

1      Introduction 

The quality of an image of a fingerprint would range from poor, medium or good. 

Ridges and valley patterns are frequently quite noisy and of poor quality. The 

quality of the fingerprint image has a significant impact on the performance of the 
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fingerprint verification system. An enhanced fingerprint would give better results 

as compared to a poor and noisy fingerprint. Though, it is important to process the 

noisy image and convert it into an enhanced image so the resulting image can be 

used for better performance for a fingerprint recognition system [4,19].    

It's nearly impossible to retrieve details from a low-quality fingerprint image. 

Preprocessing algorithms must be applied to enhance the quality of the image of 

the fingerprint [14-17][33]. Though genuine minutiae extraction can be carried 

out and proper identification and verification can be done for recognition. The 

basic objective of fingerprint image enhancement is to improve fingerprint's 

ridges and valley patterns through those more suitable features extraction [12] can 

be carried out from an enhanced image then the original poor-quality image [4] 

[20-21].    

If a noisy, low-quality fingerprint image is available, fingerprint verification 

becomes an extreme problem for a biometric recognition system [1-3]. We are 

attempting to increase the quality of a fingerprint image by eliminating noise and 

obtaining an image with sharpened ridges as part of our research. The resulting 

image can be used for various subsequent processes like image binarization, 

image thinning and other subsequent steps of the fingerprint verification system.   

 

2      Literature Review 

An integration model for improving fingerprint images was put forth in the 

research publication [5]. They successfully connect the gap between the two ends 

of fractured ridges. This led to the removal of two erroneous ending details. Small 

and medium-sized valleys no longer have noise. The boundaries have also been 

improved, and the ridges holes have been fully eradicated. The suggested 

approach does not, however, account for all issues. It is challenging to estimate 

the orientation field in an image when there is a high level of noise present. 

Segmentation of the original image is needed as a result. The block directional 

difference and the Quality Index of the recovered minutiae through the clustering 

of image quality parameters are used to carry out the proposed work. The 

suggested approach is successful in enhancing block directional difference and 

quality index, and it also succeeds in enhancing the time needed is within a 

tolerable range. However, there is still room for improvement in the image 

characteristic aspects for the identification and verification system. The research's 

findings are still not good enough to match a fingerprint. 

The researcher [6][33] is working on novel methods for fingerprint image 

minutiae verification. They claim that compared to conventional grey scale 

methodologies stated in the literature, the innovative characteristics for fingerprint 

picture verification provide greater accuracy. The methods are effective in terms 

of computation, and they can be utilized to create minutia detectors that can work 

directly on grayscale photos. To improve the image, it is still important to 

combine the results of the two classifiers and investigate the impact of minute 

verification on matching performance. This may be accomplished with the aid of 
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picture improvement. Direct grayscale enhancement methods perform better than 

methods that call for binarization and thinning as intermediate stages. The 

proportion of errors that are abandoned, swapped, or false. The percentage of 

errors produced by the binarization strategy is significantly lower than the 

percentage of errors produced by other ways in terms of dropped, swapped, and 

false minutiae. Particularly for poor-quality images with problematic ridges and 

blocks with singular points, the modified Gabor filter performs best. Utilizing a 

special anisotropic filter eliminates the need for local frequency estimation using a 

Gabor-based filter. Speed and effectiveness are still necessary for the 

enhancement procedure. 

The researcher [4] demonstrates the use of the well-known fingerprint 

enhancement algorithms O'Gorman and Gabor. Additionally, the O'Gorman filter 

is improved. Using MSE and PSNR values, the performances of these three 

algorithms are assessed. According on experimental findings, the improved 

O'Gorman filter provides superior outcomes to the other two algorithms. The 

researcher improved the algorithm to identify corrupt areas that are brought on by 

cuts, scars, dry skin, and sensor noise, eliminate them from the photos, and boost 

ridge and valley contrast. additionally join broken ridges.  

The orientation vector was orthogonal to the gradient, thus the researcher [7][12-

13][18][22][32] employed a gradient-based technique to determine the gradient. 

The gradient was first calculated for each pixel in the image, in the directions of x 

and y. The image was then divided into square blocks. Each block's orientation 

vector is computed. It is accomplished by performing an average operation on all 

of the vectors in the block that are orthogonal to the gradient pixels. A lowpass 

filter is employed to smooth down the image since chaotic images can often make 

it difficult to discern the direction of ridges precisely. 

 

3      Proposed Work 

Several segmentation techniques, including Sobel edge detection [8,29,30], Canny 

edge detection [9–10][23-25][30], and Laplacian edge detection [11][26-28][30], 

are employed for image augmentation. Following that, a variety of filters, like 

Gobor and Gaussian mask, can be used to remove noise. In proposed work, 

suggested a combined method that used two sobel convolutions to find edges 

while also using a Gaussian mask to smooth out the image. The Sobel operator is 

used in the image to measure the 2-D spatial gradient. The approximate absolute 

gradient magnitude at each position in a grayscale fingerprint image is determined 

using the Sobel Operator. 
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[Figure 1. Gaussian mask] 

Two 3*3 convolution masks are being used. One is used to determine the gradient 

in the x direction (columns), and the other is used to determine the gradient in the 

y direction (rows). The image is substantially larger than the 3*3 mask. As a result, 

the mask is shifted over the fingerprint image, manipulating square pixels. Figure 

1's x and y sobel mask directions are shown below. 

 

                       

                                        

[Figure 2. x direction and y direction sobel mask] 

The following equation is used to calculate an approximate magnitude  

                                        |G | = |Gx| +|Gy|[10]                                                          (1) 

The mask is moved on the input image and it is going to change the current pixel 

value and then it slides on the right side and continues to change the pixel values 

on the right side until it reaches the end of rows. Then the same process is carried 

out for the next row. Figure-2 shows how the mask changes the values of each and 

every pixel. Each pixel value of the resulting fingerprint image is carried out by 

the formula. The mask center is placed over the pixel which is manipulating in the 

image.  
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[ Figure 3. Sobel edge detection example][9] 

As shown in Figure 3. pixel Y22 can be calculated with the equation.  

Y22 = (X11*M11) + (X12*M12) + (X13*M13) + (X21*M21) + (X22*M22) +                    

(X23*M23) + (X31*M31) + (X32*M32) + (X33*M33)                                           (2) 

 

It is also shows that corner pixels can’t manipulated by 3*3 mask because of the 

boundary limitation of the mask. 

 

4      Performance Measure and Result Discussion 

The implementation work is done using .Net Framework. The FingerDOS [31] 

database was utilized to evaluate our study effort. It has 3600 finger images from 

60 different people. Table 1 provides a summary of the FingerDOS database. 

FingerDOS 

Types of Sensor  Image Size No. of Impression Resolut

ion 

optical sensor 

(SecuGen iD-

USB SC) 

 

260x300 3600=60x6x10 

i.e. 

No. of subjects=60 

No. of fingers=6 

(index, middle and thumb of right 

and left hand) 

No.of impression=10 

500 PPI 

 

 

 

 

The following measurement standards are used to measure the performance of the 

research work.   

(a) PSNR and MSE value  

(b) Computational Time 

(c) Fingerprint Image Quality 

(a) PSNR and MSE value   

The Table 2 below compares the MSE and PSNR values for a number of edge 

detection techniques, including Laplacian edge detection, Sobel edge detection, 

Canny Algorithm, and proposed Enhanced Composite algorithm using Gaussian 

mask and Two Sobel Convolution. The proposed method's high PSNR and low 

MSE values are compared, and the proposed strategy offers better results in terms 

of brightness and contrast. 
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Table 1. Comparison of MSE and PSNR value implemented edge detection 

methods 

Images Laplacian edge 

detection 

Sobel edge 

detection 

Canny algorithms Proposed 

Algorithm 

 MSE PSNR MSE PSNR MSE PSNR MSE PSNR 

A_01 16.76 37.37 15.77 39.35 18.88 38.19 15.45 40.50 

B_01 11.56 40.40 11.55 42.47 13.56 42.42 11.26 43.65 

C_01 12.82 38.30 12.80 41.28 14.93 40.92 12.44 43.35 

D_01 15.18 37.26 14.16 41.19 16.52 40.24 13.77 42.40 

E_01 16.09 41.47 14.05 42.64 15.31 42.52 13.99 43.75 

F_01 14.77 37.29 13.05 40.34 14.88 39.35 12.66 41.49 

 

(b) Computational Time:  

The comparison of processing time for image enhancement is carried out and 

shown in the following table. It claims that the suggested technique takes 

somewhat longer than Sobel and Canny edge detection algorithms, but is faster 

than the Laplacian edge detection method. 

Table 2. Comparison of processing Time of various edge detection methods 

Images Laplacian edge 

detection 

Sobel edge 

detection 

Canny algorithms Proposed 

Algorithm 

A_01 36.55 35.09 35.07 35.13 

B_01 35.57 35.46 35.20 35.50 

C_01 35.16 35.10 35.05 35.15 

D_01 35.19 34.90 35.08 34.93 

E_01 35.68 35.57 35.44 35.60 

F_01 36.88 35.90 35.79 35.93 
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(c) Quality of an image:  

The quality of fingerprint image is improved after implementing an enhanced 

algorithm. The below table original image and enhanced image is shown. 

Table 3. The proposed increased algorithm's image quality Using Sobel 

Convolution and the Gaussian Mask 

Original Image Enhanced Image Original Image Enhanced Image 

    

A_01_Original Image A_01_Enhanced 

Image 

B_01_Original Image B_01_Enhanced 

Image 

    

C_01_Original Image C_01_Enhanced 

Image 

D_01_Original Image D_01_Enhanced 

Image 

    

E_01_Original Image E_01_Enhanced F_01_Original Image F_01_Enhanced 
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Image Image 

5      Conclusion 

In this study, proposed a composite Gaussian mask and Sobel convolution 

technique. The image is smoothed using a gaussian mask, and edge detection can 

be done by Sobel convolution. The result of proposed technique is compared with 

the existing edge detection techniques like Sobel, Canny and Laplacian edge 

detection. The study prove that compared to existing edge detection technique the 

proposed technique give better result in terms of PSNR, MSE, computation time, 

and image quality .   

References 

[1] J. Fierrez-Aguilar, L.-M. Munoz-Serrano, F. Alonso-Fernandez, and J. Ortega-

Garcia. On the effects of image quality degradation on minutiae and ridge-based 

automatic fingerprint recognition. In IEEE Intl. Carnahan Conf. on Security 

Technology ICCST, Las Palmas de Gran Canaria, Spain. IEEE Press, October 

2005. 

[2] H. Fronthaler, K. Kollreider, and J. Bigun. Automatic Image Quality 

Assessment with Application in Biometrics. In IEEE Workshop on Biometrics, in 

Association with CVPR-06, New York, pages 30–35, June 2006.  

[3] D. Maio, D. Maltoni, R. Cappelli, J. Wayman, and A. Jain. FVC2004: Third 

Fingerprint Verification Competition. In International Conference on 

BiometricAuthentication (ICBA04), Hong Kong, pages 1–7, July 2004.  

[4] M. B. Patel, R. B. Patel, S. M. Parikh and A. R. Patel, "An improved 

O'Gorman filter for fingerprint image enhancement," 2017 International 

Conference on Energy, Communication, Data Analytics and Soft Computing 

(ICECDS), Chennai, India, 2017, pp. 200-209, doi: 

10.1109/ICECDS.2017.8389784. 

[5] Chaohong Wu, Zhixin Shi, VenuGovindaraju, "Fingerprint image 

enhancement method using directional median filter," Proc. SPIE 5404, Biometric 

Technology for Human Identification, (25 August 2004) 

[6] S. Chikkerur, V. Govindaraju, S. Pankanti, R. Bolle and N. Ratha, "Novel 

Approaches for Minutiae Verification in Fingerprint Images," 2005 Seventh IEEE 

Workshops on Applications of Computer Vision (WACV/MOTION'05) - Volume 

1, Breckenridge, CO, 2005, pp. 111-116. 

[7] U. Halici, L. C. Jain, and A. Erol and L.C. Jain, “An introduction to fingerprint 

recognition” in CRC Press Florida in 1999. 

[8] Vincent. O. R. and Folorunso. O., “A Descriptive Algorithm for Sobel Image 

Edge Detection”, Proceedings of Informing Science & IT Education Conference 

(InSITE) 2009. 



 

 

 

 

 Meghna Patel, Ronak Patel, Satyen M. Parikh                                            286 

[9] Nisha. M, Mehra. R and, Sharma. L,” Comparative Analysis of Canny and 

PrewittEdge Detection Techniques used in Image Processing”, International 

Journal of Engineering Trends and Technology (IJETT), Volume 28 Number 1 

October 2015. 

[10] Shrivakshan, G. T., &Chandrasekar, C. (2012). Comparative Study Among 

Sobel, Prewitt And Canny Edge Detection Operators Used In Image 

Processing, Journal of Theoretical and Applied Information Technology, Vol.96. 

No 19, Oct-2018. 

[11] Mohammad. E. J, AND Kadhim. M. J,“ Study Sobel Edge Detection Effects 

on the Image edges Using MATLAB”, IJIRSET, Vol. 3, Issue 3, March 2014. 

[12] Patel, M.B., Parikh, S.M., Patel, A.R. (2019). An Improved Approach in 

Fingerprint Recognition Algorithm. In: Luhach, A.K., Hawari, K.B.G., Mihai, 

I.C., Hsiung, PA., Mishra, R.B. (eds) Smart Computational Strategies: Theoretical 

and Practical Aspects. Springer, Singapore. https://doi.org/10.1007/978-981-13-

6295-8_12 

[13] Patel, M. B., Parikh, S. M., & Patel, A. R. (2017). Performance improvement 

in gradient based algorithm for the estimation of fingerprint orientation 

fields. International Journal of Computer Applications, 167(2), 12-18. 

[14] Patel, M. B., Parikh, S. M., & Patel, A. R. (2017). Performance improvement 

in binarization for fingerprint recognition. IOSR J. Comput. Eng, 19(3), 68-74. 

[15] Patel, M.B., Parikh, S.M., Patel, A.R. (2019). Performance Improvement in 

Preprocessing Phase of Fingerprint Recognition. In: Satapathy, S., Joshi, A. (eds) 

Information and Communication Technology for Intelligent Systems . Smart 

Innovation, Systems and Technologies, vol 107. Springer, Singapore. 

https://doi.org/10.1007/978-981-13-1747-7_50 

[16] Patel, M. B., Parikh, S. M., & Patel, A. R. (2017). An improved thinning 

algorithm for fingerprint recognition. Int. J. Adv. Res. Comput. Sci, 8(7), 1238-

1244. 

[17] Patel, M.B., Parikh, S.M., Patel, A.R. (2020). Global Normalization for 

Fingerprint Image Enhancement. In: Smys, S., Tavares, J., Balas, V., Iliyasu, A. 

(eds) Computational Vision and Bio-Inspired Computing. ICCVBIC 2019. 

Advances in Intelligent Systems and Computing, vol 1108. Springer, Cham. 

https://doi.org/10.1007/978-3-030-37218-7_111 

[18] Patel, Meghna and Parikh, Satyen M. and Patel, Ashok R., An Improved 

Approach in Core Point Detection Algorithm for Fingerprint Recognition (April 

20, 2018). Proceedings of 3rd International Conference on Internet of Things and 

Connected Technologies (ICIoTCT), 2018 held at Malaviya National Institute of 

Technology, Jaipur (India) on March 26-27, 2018, Available at 

SSRN: https://ssrn.com/abstract=3166188 or http://dx.doi.org/10.2139/ssrn.31661

88 

https://doi.org/10.1007/978-981-13-6295-8_12
https://doi.org/10.1007/978-981-13-6295-8_12
https://doi.org/10.1007/978-981-13-1747-7_50
https://doi.org/10.1007/978-3-030-37218-7_111
https://ssrn.com/abstract=3166188
https://dx.doi.org/10.2139/ssrn.3166188
https://dx.doi.org/10.2139/ssrn.3166188


 Fingerprint Image Enhancement Using…                                                        287                                                                                                          

[19] Patel, M. B., Parikh, S. M., & Patel, A. R. (2019). An approach for scaling up 

performance of fingerprint recognition. Int. J. Comp. Sci. Eng, 7(5), 457-461. 

[20] Patel, M.B., Patel, J.N., Parikh, S.M., Patel, A.R. (2021). Comparison on 

Different Filters for Performance Improvement on Fingerprint Image 

Enhancement. In: Satapathy, S.C., Bhateja, V., Favorskaya, M.N., Adilakshmi, T. 

(eds) Smart Computing Techniques and Applications. Smart Innovation, Systems 

and Technologies, vol 225. Springer, Singapore. https://doi.org/10.1007/978-981-

16-0878-0_33 

[21] Patel, M.B., Parikh, S.M., Patel, A.R. (2022). Comparative Study of 

Handwritten Character Recognition System for Indian Languages. In: Senjyu, T., 

Mahalle, P.N., Perumal, T., Joshi, A. (eds) ICT with Intelligent Applications. 

Smart Innovation, Systems and Technologies, vol 248. Springer, Singapore. 

https://doi.org/10.1007/978-981-16-4177-0_78 

[22] Patel, M.B., Patel, R.B., Patel, J.N., Parikh, S.M. (2023). An Improve 

Approach in Core Point Detection for Secure Fingerprint Authentication System. 

In: Choudrie, J., Mahalle, P., Perumal, T., Joshi, A. (eds) IOT with Smart 

Systems. Smart Innovation, Systems and Technologies, vol 312. Springer, 

Singapore. https://doi.org/10.1007/978-981-19-3575-6_12 

[23] Sekehravani, E. A., Babulak, E., & Masoodi, M. (2020). Implementing canny 

edge detection algorithm for noisy image. Bulletin of Electrical Engineering and 

Informatics, 9(4), 1404-1410. 

[24] Dollár, P., & Zitnick, C. L. (2013). Structured forests for fast edge detection. 

In Proceedings of the IEEE international conference on computer vision (pp. 

1841-1848). 

[25] Xuan, L., & Hong, Z. (2017, November). An improved canny edge detection 

algorithm. In 2017 8th IEEE international conference on software engineering and 

service science (ICSESS) (pp. 275-278). IEEE. 

[26] Xin Wang, X. (2007). Laplacian Operator-Based Edge Detectors. IEEE 

Trans. Pattern Anal. Mach. Intell. 29 (5), 886–890. doi:10.1109/tpami.2007.1027 

[27] Xu, H. (2013, December). An improved edge detector based on the Laplacian 

operator. In 2013 6th International Congress on Image and Signal Processing 

(CISP) (Vol. 1, pp. 416-421). IEEE. 

[28] Wang, X. (2007). Laplacian operator-based edge detectors. IEEE transactions 

on pattern analysis and machine intelligence, 29(5), 886-890. 

[29] Sharma, A., & Jaswal, S. (2015). Analysis of sobel edge detection technique 

for face recognition. International Journal of Advanced Research in Computer 

Engineering & Technology (IJARCET), 4(5). 

[30] Vijayarani, S., & Vinupriya, M. (2013). Performance analysis of canny and 

sobel edge detection algorithms in image mining. International Journal of 

Innovative Research in Computer and Communication Engineering, 1(8), 1760-

1767. 

https://doi.org/10.1007/978-981-16-0878-0_33
https://doi.org/10.1007/978-981-16-0878-0_33
https://doi.org/10.1007/978-981-16-4177-0_78
https://doi.org/10.1007/978-981-19-3575-6_12


 

 

 

 

 Meghna Patel, Ronak Patel, Satyen M. Parikh                                            288 

[31] Francis-Lothai, F. L. O. R. E. N. C. E., & Bong, D. B. (2015). FingerDOS: a 

fingerprint database based on optical sensor. Wseas Transactions On Information 

Science And Applications, 12(29), 297-304. 

[32] Shu, Y., Huang, Y., Zhang, J., Coué, P., Cheng, P., Chen, J., & Shin, K. G. 

(2015). Gradient-based fingerprinting for indoor localization and tracking. IEEE 

Transactions on Industrial Electronics, 63(4), 2424-2433. 

[33] Carneiro, R. F. L., Bessa, J. A., De Moraes, J. L., Neto, E. C., & De 

Alexandria, A. R. (2014). Techniques of binarization, thinning and feature 

extraction applied to a fingerprint system. International Journal of Computer 

Applications, 103(10), 4. 


