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ABSTRACT: Fingerprint image segmentation is part of pre-processing in fingerprint image recognition system. It has 
a critical effect to the fingerprint image recognition system. Regardless of years of research in the area of general 
purpose image segmentation, it is still a very challenging task. A new image decomposition scheme, called the 
Adaptive and Orientation algorithm, is proposed to achieve effective segmentation for fingerprint images in this work. 
The proposed model is inspired by total variation models, but it differentiates itself by integrating two unique features 
of fingerprints; namely, scale and orientation. The proposed Adaptive and Orientation algorithm decomposes a 
fingerprint image into two layers: cartoon and texture. The cartoon layer contains unwanted components (e.g. 
structured noise) while the texture layer mainly consists of the latent fingerprint. Proposed segmentation algorithm is 
experimented and analyzed for two different fingerprint images. The PSNR for image segmentation has been used as a 
comparison parameter for proposed image segmentation methods. 
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I. INTRODUCTION 
 

A biometric is any physical or behavioral trait that can be used to identify a person. The most common biometric traits 
are face, speech, fingerprint, and iris. Fingerprints are one of the most widely used traits due to their universality, 
distinctiveness and performance. From the creation of the first Automated Fingerprint Identification System (AFIS), a 
tremendous amount of effort and progress has been made to match sample prints accurately and consistently with large 
fingerprint databases. An essential step towards achieving accurate identification is an accurate segmentation. 
 
On the basis of collection procedure, fingerprint images can generally be classified into three categories, namely, 
rolled, plain and latent [3]. Rolled fingerprints are obtained from rolling the finger from one side to the other in order to 
capture all ridge details of the fingerprint. Plain fingerprints images are acquired by pressing the fingertip onto a flat 
surface. Since rolled and plain prints are obtained in an attended mode, so they are usually of good visual quality and 
contain sufficient information for reliable matching. However, latent fingerprints are usually collected from crime 
scenes, in which the print is lifted from object surfaces that were inadvertently touched or handled. The matching 
between latent and rolled/plain fingerprints plays a crucial role in identifying suspects by law enforcement agencies. 
 
Fingerprint segmentation is part of pre-processing in fingerprint image recognition system and it refers to the process of 
decomposing a fingerprint image into two disjoint regions: foreground and background. The foreground, also called the 
region of interest (ROI), consists of the desired fingerprints while the background contains noisy and irrelevant 
contents that will be discarded in the following processing steps. Accurate fingerprint segmentation is critical, as it 
affects the accurate extraction of minutiae and singular points, which are key features for fingerprint matching and 
hence also for fingerprint image recognition system.  When feature extraction algorithms are applied on a fingerprint 
image without segmentation, lots of false features may be extracted due to the presence of noisy background, and 
eventually leading to matching errors in the later stage. Therefore, the goal of fingerprint segmentation is to discard the 
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background, reduce the number of false features, and thus improve the matching accuracy. So considering the 
importance of segmentation for accurate matching of fingerprint, we have discuss about a segmentation algorithm in 
our work. 
 
While significant effort has been made on developing segmentation algorithms, latent fingerprint segmentation remains 
to be a challenging problem. The difficulty mainly lies in: 1) the poor quality of fingerprint patterns in terms of the 
clarity of ridge information, and 2) the presence of various structured noise in the background. 
 
In this work a new segmentation algorithm is proposed which include the advantage of both total variation algorithm in 
[3], [4] and combine them into one single model, called as Adaptive and Orientation algorithm. The paper is organized 
as follows. In section 2, literature review on fingerprint segmentation algorithms is being discussed. In Section 3, the 
proposed Adaptive and Orientation model is introduced and explained how it can be utilized for fingerprint image 
decomposition and segmentation. In Section 4, in experimental results, the effectiveness of our proposed scheme is 
checked by couple of case studies using the PSNR value. Concluding remarks are given in Section 5. 
 

II. LITERATURE REVIEW AND PROBLEM FORMULATION 
 

A number of fingerprint segmentation algorithms are known from literature. The effective segmentation algorithms are 
Adaptive Total Variation Model, Directional Total Variation Model, method based on combination of ridge orientation 
and frequency features, method based on orientation field information combined with statistical characteristics of gray, 
Ridge Template Correlation, method using three pixel features (being the coherence, the mean and the variance).  
These algorithms gives much accurate segmentation results as far as plain and rolled fingerprints are concerned, but for 
the case of latent fingerprints, segmentation results are not highly accurate. Accuracy of methods utilizing only pixels 
features for segmentation are highly limited by the quality of fingerprints obtained. Adaptive Total Variation [4] and 
Directional Total Variation algorithm [3] overcome some drawbacks of poor quality images in its segmentation by 
implementing other features in addition to pixel features. The advantages of both algorithms i.e. Adaptive Total 
Variation and Directional Total Variation algorithm are included and combined into a single algorithm in these work. 
The proposed algorithm of this work is called as the Adaptive and Orientation Algorithm. 
 

III. SEGMENTATION WITH ADAPTIVE AND ORIENTATION ALGORITHM 
 
In this section, we introduce the proposed Adaptive and Orientation algorithm and explain how effectively it facilitate 
the process of fingerprint segmentation by the help of PSNR value of segmented image. We begin with introducing the 
TV-L1 model, which serves as the basis for the proposed model. 
 
Similar to other TV-based image models, the TV-L1 model [4] decomposes an input image, f, into two signal layers: 
cartoon u, which consists of the piecewise-smooth component in f, and texture v, which contains the oscillatory or 
textured component in f. The decomposition: 
 

                                                                                                                                                                 (1)     
                                                                                                                                 

is obtained by solving the following variational problem: 
                  

                                                                                                                                       (2) 
 

where f, u and v are functions of image gray-scale intensity values in R2, ∇u is the gradient value of u and λ is a 
constant weighting parameter.   and   the total variation of u and the fidelity term, respectively. 
 
The TV-L1 model with spatially invariant fidelity does not generate the desired output throughout the entire fingerprint 
image. In the fingerprint region, when λ is well matched with the scale of fingerprints, all essential contents can be 
captured in the texture layer v. However, in the noisy region, some unwanted signals will also be extracted to v under 
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the same λ value. In addition, being an isotropic model, the TV model minimizes the total variation of cartoon layer u 
along all directions. This scheme does not fully exploit the information of orientation coherency, which is one of the 
most unique characteristics of fingerprints. These motivate to consider a flexible algorithm that is capable of integrating 
the characteristics of fingerprints. This algorithm is: 
 

                                                                                                                     (3) 
where ā(x) is a varying orientation vector adjusted to the local texture orientation, and λ(x) is a varying weight 
parameters that controls the feature scale. 
 

 
 

Fig 1. Variation in ‘v’ with respect to weight term [4] 
 
Figure 2 shows the flowchart for the proposed algorithm. In this algorithm firstly a fingerprint image is taken and it is 
converted to gray scale input. Then scale term or weight term λ(x) is adaptively chosen according to the background 
noise level. Ideally, parameter λ(x) should take larger values in regions with much structured noise and be relatively 
small in fingerprint regions.Figure 1 shows the variation in ‘v’ with respect to weight term.  

 

 
 

Fig 2. Flowchart of Proposed Algorithm 
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When λ is very small (e.g., λ= 0.10), u captures the inhomogeneous illumination in the background while most fine 
structures are kept in v. When λ = 0.30, large-scale objects are separated from structures of smaller scales (characters). 
As λ continues to increase, only small-scale structures (fingerprint and noise) are left in ‘v’ and the major content of ‘f’ 
appears in ‘u’. 
 
In the next phase ellipse is incorporated as a shape model for segmentation, which is used for determining the 
directional term. Orientation field ā(x) is then estimated as given in [3]. The textures along the direction ā(x) are fully 
captured by v, leaving textures of the remaining orientations in u. The orientation vector ā controls the signal captured 
in the texture output v. By tuning ā to a specific direction, we are mainly interested in minimizing the total variation of 
u along that direction, while allowing the existence of total variation of u along other directions. As a result, textures 
along the corresponding direction will be fully captured by v and textures of other directions will be weakened in v. In 
particular, textures along the orthogonal direction of ā will be totally blocked from v. Figure 3, illustrate the impact of ā 
on the output of ‘v’. 
 
 

 
                                f                                                                                  v                                                                   v 
 

Fig 3. Impact of two different orientation field on the output of ‘v’ [3] 
 
Image is then segmented, including weight and orientation term, by solving the equations (1) and (2) of decomposition. 
Peak Signal to Noise ratio is measured for the segmented image as: 
 

                                                                                                                                  (3) 
 

Where, 
 

                                                                                                                         (4) 
 

and MAXf is the maximum possible pixel value of the image. 
 

IV. EXPERIMENTAL RESULTS 
 

In this section, we evaluate the proposed Adaptive and Orientation algorithm by couple of case studies. Two fingerprint 
images are consider in case studies and results are discussed under performance, parameter analysis and conclusion. 
Images for the case studies are collected from the web data. 
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4.1 Case Study 1: 

 
                         (a) Input Image                                                                                          (b) Processed Image 

Fig. 4. Image of Case Study 1 
4.1.1. Performance: 
In this case study, input image taken is shown in fig 4(a), which when processed results in an image as shown in fig 
4(b). The output image is obtained at alpha (ellipse for segmentation) equals 10, resulting in PSNR of 78.3443 dB. The 
distribution of two features i.e. mean and variance, which are effective in the segmentation of fingerprint image is 
evaluated in fig. 5(a) and fig. 5(b) respectively. 

                  a) Mean Plot                                                                                                            (b) Variance Plot 
 

Fig. 5.Plots of Case Study1 
 
4.1.2. Parameter Analysis: 
Figure 6 shows the effect of alpha (ellipse for segmentation) on the processed image and their respective PSNR value. 
The highest PSNR is obtained for alpha equals 10 which is 78.3443 dB, implies that it is the best segmentation result of 
case study 1. 
 
 



 
  
         

        ISSN: 2319-8753                                                                                                                         
                                                                                                               

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 8, August 2014 
 

                         DOI: 10.15680/IJIRSET.2014.0308068 
Copyright to IJIRSET                                                            www.ijirset.com                                                                    15577 

   

 
Alpha=1; PSNR=71.4551 dB              Alpha=2; PSNR=72.3504 dB              Alpha=3; PSNR=74.2165 dB 

 

 
Alpha=4; PSNR=75.7767 dB              Alpha=6; PSNR=77.524 dB              Alpha=7; PSNR=77.9348 dB 

 

 
Alpha=8; PSNR=78.1746 dB              Alpha=10; PSNR=78.3442 dB              Alpha=11; PSNR=78.3434 dB 

Fig. 6. Effect of Alpha on Processed Image 
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4.2 Case Study 2: 

 
(a) Input Image                                                                                          (b): Processed Image 

Fig 7: Image of Case Study 2 
4.2.1   Performance Analysis: 
In this case study, input image taken is shown in fig 7(a), which when processed results in an image as shown in fig 
7(b). The output image is obtained at alpha (ellipse for segmentation) equals 4, resulting in PSNR of 74.1238 dB. The 
distribution of two features i.e. mean and variance, which are effective in the segmentation of fingerprint image is 
evaluated in fig. 8(a) and fig. 8(b) respectively. 
 

 
                                                (a)Mean Plot                                                                                                           b) Variance Plot 

Fig 8: Plots of Case Study 2 
 

4.2.2  Parameter Analysis: 
Figure 9 shows the effect of alpha (ellipse for segmentation) on the processed image and their respective PSNR value. 
The highest PSNR is obtained at alpha equals 4 which is 74.1238 dB, implies that it is the best segmentation result for 
case study 2. 
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Alpha=1; PSNR=71.251 dB               Alpha=2; PSNR=72.0453 dB               Alpha=3; PSNR=73.4958 dB 

 

 
Alpha=4; PSNR=74.1238 dB               Alpha=5; PSNR=74.0628 dB               Alpha=6; PSNR=73.7128 dB 

 

 
Alpha=7; PSNR=73.2747 dB               Alpha=8; PSNR=72.817 dB               Alpha=9; PSNR=72.3537 dB 

Fig 9. Effect of Alpha on Processed Image 
 

4.3 Comparison: 
In this section, the proposed Adaptive and Orientation algorithm is compared with the existing Adaptive Total 
Variation (ATV) algorithm and Directional Total Variation (DTV) algorithm. Table 1 compares the PSNR and RMSE 
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value obtained from Adaptive Total Variation (ATV) algorithm [4], Directional Total Variation (DTV) algorithm [3] 
and the proposed algorithm in this work for the two cases studied. Table 1 shows that the result obtained from the 
proposed algorithm is more accurate as compared to the other two existing algorithms. 

Table 1: PSNR comparison with ATV [4] and DTV [3] algorithm 

 Parameters After ATV After DTV After proposed method 

Case Study 1 
PSNR(dB) 26.8510 75.313 78.3442 

RMSE 11.5875 0.043741 0.030855 

Case Study 2 
PSNR(dB) 26.0656 71.3144 74.1238 

RMSE 12.6840 0.069314 0.0502 

 
V. CONCLUSION 

 
The goal of this work is to achieve accurate segmentation, which is an essential step towards achieving automatic latent 
identification. In this paper, the Adaptive and Orientation algorithm as an image decomposition scheme is proposed and 
implemented, that facilitates effective fingerprint segmentation. Experimental results and comparison with individual 
existing ATV and DTV algorithm concludes that combined proposed algorithm is quite efficient and can be applied 
practically. 
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