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Abstract. Fingerprint enhancement is a critical step in a fingerprint identification 

system. Recently, some anisotropic nonlinear diffusion filter is applied to the fin-

gerprint preprocessed. Impressive results are main reason for using nonlinear dif-

fusion filtering in image processing. Poor efficiency, especially the computational 

load, is the main reason for not using nonlinear diffusion filtering. In order to im-

prove the efficiency, a novel piecewise nonlinear diffusion for fingerprint en-

hancement is presented. It shows anisotropic diffusion equation using diffusion 

tensor which continuously depends on the gradient is not necessary to smooth the 

fingerprint. We simplify the anisotropic nonlinear-diffusion in order to satisfy a 

real-time fingerprint recognition system. According to the local character of the 

fingerprint, the diffusion filter is steered by the orientation of ridge. Experimental 

results illustrate that our enhancement algorithm can satisfy the requirement of an 

AFIS. 

1   Introduction 

Fingerprint is a typical flow-like pattern. In an Automatic Fingerprint Identification 

System (AFIS), the fingerprint enhancement plays a key role in a fingerprint recogni-

tion system. Many automatic fingerprint matching algorithms depend on comparison 

of minutiae, or Galton’s characteristics. Reliably extracting minutiae from the input 

fingerprint images is a difficult task. There are many approaches to enhance finger-

print image in order to avoid creating fake minutiae and ignoring genuine minutiae. 

Among these approaches, the most flexible one consists of estimating orientation by 

means of a structure tensor [1], [2], [3].These ideas can be further developed into an 

on-line AFIS. 
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Recently, many researchers in the computer vision field are very interested in 

analyzing oriented flow-like pattern for more than ten years [1]. Some nonlinear 

diffusion filters are built to enhance the flow-like image. Impressive results are main 

reason for using nonlinear diffusion filtering in image processing. Unlike linear 

diffusion filtering, edges remain well-localized and can even be enhanced in nonlin-

ear diffusion system. Poor efficiency is the main reason for not using nonlinear 

diffusion filtering. 

In this paper, we absorb the idea in non-linear diffusion to enhance the oriented 

flow-like pattern. This approach overcomes the disadvantage of non-linear diffusion. 

Section 2 introduces the related work about non-linear diffusion which was built by 

Weikert in literatures [1], [2], [5]. Section 3 we give an explicit solution of the non-

linear diffusion. And section 4 gives our method to enhance the fingerprint. In sec-

tion 5 some experimental results illustrate the performance of our method. We 

conclude in the final section. 

2   Related Work 

Define the fingerprint image as (Iij)N×M. An anisotropic diffusion filter with a diffu-

sion tensor evolves the initial image I under an evolution equation of type: 
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where u(x,y;t) is the evolving image, t denotes the diffusion time, and D is the diffu-

sion tensor which play a very important role in the filter process. D should be related 

to the local image structure. Weickert [1], [2] suggested D is a positive definite 

symmetric matrix that may be adapted to the local image structure. 

The local image structure is measured by the structure tensor [2] given by 

)( dr uJ ∇ = 








2212

1211

JJ

JJ
= )(* Tuug ddr ∇∇  (4) 

The function rg denotes a Gaussian function with standard deviation ρ, and 

ugu *dd = . The eigenvectors of )( dr uJ ∇  are  following: 
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The eigenvalues corresponding to? 12 are： 
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So the D is adapted to the )( dr uJ ∇ as following: 

D ＝ 
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where: 

?1=c (8) 







+−
−−+

==
=

)
4)(

1
exp()1(

0

2

12

2

2211

122211

2

JJJ
cc

JandJJifc

l  (9) 

We denote the above partial differential equation module as Pm. 

3   Model Analysis 

In the model Pm, there are two keys to coherence-enhance: one is the structure ten-

sor )( dr uJ ∇ , and the other is the numerical solution of the partial differential 

equation.  

The structure tensor )( dr uJ ∇  controls the direction that the Pm evolves. In 

)( dr uJ ∇ , vector ? 1 represents the pixel intensity change sharply and in the direc-

tion ? 2 the situation is opposite. So in order to smooth the image, Pm evolve mainly 

along the direction ? 2, this was done by adjusting the eigenvectors in the equation 

(5). The equation ?1=c represents that in each pixel the evolution is same in the di-

rection ? 1, but the evolution is changed with the contrast of the image in the ridge 

direction, because (u1 - u2)
2
 reflects degree of coherence. 

If we have constructed the diffusion tensor through the structure tensor, the rest 

of work is to solve the partial differential equation. The simplest way is to use dif-

ference to instead derivative operator, and the discrete equation of module Pm is 

given: 

u
k+1

=u
k
+? t∑Lkij uk (10) 

Where the time step t∆ is less than 0.5, and Lij is a central difference approxima-

tion to the operator ?i(dij?j).An example of the image is shown by module Pm in Fig.1. 

From above equation we can directly compute the final image through iterations. 

So the above equation also is called as explicit scheme to Pm. In order to satisfy 

some multi-scale space properties, in literature [1] provides an implicit scheme 

called as AOS. We don’t try to look for specific method to solute the module Pm, 

but we modify the module in order to satisfy an AFIS requirement, especially the 

computational load. 
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Original image 10=r , 5.0=d , itera-

tive times : 256 

Fig. 1 Anisotropic diffusion applied to fingerprint image 

4   Using Structure Tensor build the Orientation 

Now we represent the model Pm  as following: 
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Our goal is to split the two dimensions into one along the orientation of the ridge. 

This will reduce much computable time. 

We first use equation (5) to get the fingerprint image orientation field O, and use 

the equations (8), (9) to get the eigenvalues of the structure tensor at each pixel.  

After getting the orientation, we steer the diffusion along the orientation in a lo-

cal window. This is equivalent to following equation: 
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Fingerprint ridges are highly structured locally. Each ridge runs parallel to the 

neighborhood ridges. So we don’t solute the equation (12) at each pixel in whole 

image, but we use the same orientation to steer the diffusion of (12) in a block. 

 

 

Fig.2 Orientation field Fig.3 Window size of 
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obtaining from structure 

tensor 

M×M  in a block 

We divide the image I into blocks each size of N×N , see figure 3. In each block 

we get the block orientation q  which is the primary orientation from the orientation 

field O. After we get the block orientation, solute the equation (12) using an explicit 

scheme. Commonly we iterate three times in order to smooth the image noise. 

After get the u(i,j;t), we set the center window size of M×M  of the block image to 

the value u(i,j;t) see Fig 3.After the diffusion, we get the final image, see figure 4 (a). 

We modify module Pm as (12). The equation (12) is the isotropic diffusion, so 

the time step is not limited to be less than 0.5. Our experiments show that three 

iterative times are enough for smoothing the fingerprint. 

After we get the pre-smoothed result, we binarize the image. For the smoothed 

image, we get the binary image as following: E(i, j) = 255 if E(i, j) is greater than a 

threshold ; Otherwise E(i, j) =0.  

 

 
 

(a) (b) 

Fig.4 (a)Smoothed image using our module from Fig.1(a). 10=r , 5.0=d , iterative times: 2. 

(b)Extracted Minutiae from image (a) 

Use a thinning algorithm in the binary image to get the thin image and at last ex-

tract the minutiae in the thin image, Results are shown in figure 4 (b). 

We must point out that our enhancing method in the local is a isotropic diffusion. 

But in conception, it uses the isotropic diffusion to approximate the anisotropic 

diffusion. 

5   Experiment 

5.1   Performance Evaluation and Comparison 

In order to evaluate that our method is suitable for extracting minutiae, we use the 

fingerprint sample set which includes 14 fingerprint images used for evaluation in 

[4], note the minutiae set as IM. In the IM, the minutiae which are detected manually 

are published in the images No.1 and No.13 [4]. In order to objectively evaluate our 

method, we only compare our method with others in No.1 and No.13, because the 
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minutiae of other images which are detected manually could be different according 

to different experts. 

Given a set D of minutiae obtained by our minutiae extraction algorithm and a set 

M of true minutiae marked by the forensic expert. In order to evaluate the perform-

ance, we consider following sets as in the literature [5] 

Set FP=D-M of false minutiae 

Set FN=M-D of missed minutiae 

Set MD ∩ = FCCC ∪  of correctly classified minutiae. CC is correctly 

classified minutiae, and FC is falsely classified minutiae. 

We have implemented our technique (Q) in the No.1 and No.13, Fig.5 is our re-

sult. 

  
No.1 No.13 

Fig. 5 Minutaie detection on sample fingerprint, red color represents ridge endings and blue color 

represents the bifurcations 

The Statistical results of method Q are shown in table 1  

Table 1. The Results of method Q in fingerprint images No.1 and No.13 

  M D FN FP FC CC FN/M FP/D FC/D CC/D 

No.1 45 39 7 1 3 35 15.5% 2.5% 7.6% 89.7% 

No.13 30 33 2 5 4 24 6.7% 15.2% 12.1% 72.7% 

Total 75 72 9 6 7 59 12.% 8.3% 9.7% 81.9% 

The results are illustrated in table 2 comparing Method A in literature [4] and 

method G in literature [5] with our method Q.  

Table 2 Results comparing three different methods in images No.1and No.13 

IM  Image No.1 and No.13  

A G Q 

FN/M 0.0% 28.0% 12.% 

FP/D 3.6% 3.6% 8.3% 

FC/D 20.0% 19.6% 9.7% 

CC/D 19.9% 76.8% 81.9% 

Our method is competitive compared to the other method. Our method has the 

highest ratio of correctly detected minutiae, which are the most critical parameters. 
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5.2   Evaluation Using Verification System 

The performance of the enhancement algorithm also is tested in the FVC2000 four 

databases [6], in which each database contains 800 images. 

Table 3. Performance comparison of the two enhancement methods 

Databases Metho

d 

EER(%) FMR(%) ZeroFNMR(%) 

Q 3.85 12.11 99.52 DB1_A 

D 4.39 21.00 100 

Q 1.77 5.46 100 DB2_A 

D 3.27 20.00 100 

Q 9.25 22.04 100 DB3_A 

D 10.35 31.74 100 

Q 5.67 25.50 100 DB4_A 

D 6.08 41.21 100 

 

Q

D

 

Fig. 6 ROC Curve on FVC2000 DB1_A; the ROC shows improvement in verification perform-

ance using the enhancement algorithm 

In FVC2000 databases, the quality of many fingerprint images is very low. We 

first use our enhancement algorithm to enhance the fingerprint, and then use the 

matching algorithm [7]. We also use method in literature [8],[9] to enhance the fin-

gerprint, this enhancement method is called knowledge-based method (D), and use 

the same method to matching the fingerprint [7]. We test the two methods according 

to the FVC2000 performance test standard. There are three important parameters to 

a fingerprint verification system: EER, FMR and FNMR. For the FMR test, the first 

print of each finger is matched against the first print of all other fingers, leading to 

4,950 impostor attempts, for FNMR test, each print of each finger is matched 

against all other prints of the same finger, leading to 2800 genuine attempts. The 

EER is equal error rate of the system, for which FMR and FNMR are equal. The 

performance results are shown in table 3. According to the FMR and FNMR, the 

ROC curve is shown in Fig.6. 

We must point out the knowledge-based method use many rules to enhance fin-

gerprint in order to deal with interrupted ridges, bridges etc. But our method didn’t 
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use these rules. From the results, we could know that our method is preferred to 

knowledge-based method. From our experiment, the performance of the fingerprint 

verification system is improved. Our method reduces essentially the false refuse 

rate while maintaining the false acceptance rate. 

6   Conclusion 

In this paper, we analyze the non-linear diffusion filtering, which can eliminate the 

noise, but if incorporate it to the on-line fingerprint system, it doesn’t satisfy the 

requirement of the efficiency. So we convert the anisotropic diffusion into oriented 

isotropic diffusion. In each block, we smooth the noise through iterative algorithm. 

Experiments show that our method can extract the minutiae efficiently. 

However, our method only uses isotropic diffusion to approximate the anisot-

ropic diffusion. Perhaps using a fast method to solute the anisotropic diffusion is 

another method to enhance fingerprint. The other side of our next step is that we will 

analyze our module in the theory which can give us the clear explanation and some 

parameters estimation. 
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