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Abstract. The enhancement of the low quality fingerprint is a difficult and
challenge task. This paper proposes an efficient algorithm based on anisotropic
filtering to enhance the low quality fingerprint. In our algorithm, an orientation
filed estimation with feedback method was proposed to compute the accurate
fingerprint orientation. The gradient-based approach was firstly used to com-
pute the coarse orientation. Then the reliability of orientation was computed
from the gradient image. If the reliability of the estimated orientation is less
than pre-specified threshold, the orientation will be corrected by the mixed ori-
entation model. And an anisotropic filtering was used to enhance the finger-
print, with the advantages of its efficient ridge enhancement and its robustness
against noise in the fingerprint image. The proposed algorithm has been evalu-
ated on the databases of Fingerprint verification competition (FVC2004). Ex-
perimental results confirm that the proposed algorithm is effective and robust
for the enhancement of the low quality fingerprint.

1 Introduction

There are still many challenging tasks in fingerprint recognition. One of them is the
enhancement of low quality fingerprints. The effect of enhancement of poor quality
fingerprints is seriously affects the performance of the whole recognition system.
Many image enhancement techniques have been developed for poor quality im-
ages. Shi et al[l] proposed a new feature Eccentric Moment to locate the blurry
boundary using the new block feature of clarified image for segmentation. Zhou et.al
[2] proposed a model-based algorithm which is more accurate and robust to dispose
the degraded fingerprints. Lin et al [3] made use of Gabor filter banks to enhance
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fingerprint images and reported to achieve good performance. Yang et al.[4] pro-
posed a modified Gabor filter to enhance fingerprints, specified parameters deliber-
ately through some principles instead of experience, preserved fingerprint image
structure and achieved image enhancement consistency. Willis et al [5] proposed a
Fourier domain based method that boosts up a low quality fingerprint image by multi-
plying the frequency spectrum by its magnitude.

This paper proposes an efficient algorithm based on anisotropic filtering to en-
hance the low quality fingerprint. The main steps of the algorithm include: normaliza-
tion, orientation field estimation, reliability of orientation computing, orientation
correction, region mask estimation and filtering. In our algorithm, an orientation filed
estimation with feedback method was proposed to compute the accurate fingerprint
orientation, and an anisotropic filtering was used to enhance the fingerprint

This paper is organized as follows. Section 2 indicates out the details of the en-
hancement of fingerprint images. Section 3 shows the performance of the proposed
algorithm by experiments. Section 4 gives out our conclusion.

2 Fingerprint Enhancement Algorithm
The flowchart of the proposed fingerprint enhancement algorithm is shown in figure 1.

2.1 Normalization

Normalization is performed to decrease the dynamic range of the gray scale between
ridges and valleys of the image, which facilitates the subsequent enhancement steps.
In this paper, Lin et al [3]’s method has been used to process the normalization. The
image intensity values were standardized by adjusting the range of grey-level values
so that it lies within a desired range of values.
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Fig. 1. The flowchart of the proposed enhancement algorithm
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2.2 Orientation Field Estimation with Feedback

We proposed an orientation field estimation with feedback method to get the ac-
curate fingerprint orientation. First, the gradient-based approach was used to
compute the coarse orientation. Then we compute the reliability of orientation
from the gradient image. If the reliability of the estimated orientation rij is less
than threshold thr, the orientation will be corrected by the proposed mixed orien-
tation model, otherwise the estimated orientation was taken as the true
orientation.

2.2.1 The Gradient-Based Approach

In our algorithm, the gradient-based approach proposed by Lin et al [3] was used to
compute the coarse orientation. But in our algorithm we divide the normalized image
into an odd block of size (15*15) instead of (16*16).

2.2.2 Reliability of Orientation Computing

An additional value rij is associated with each orientation element Oij to denote the
reliability of the orientation. The value rij is low for noise and seriously corrupted
regions and high for good quality regions in the fingerprint image. The reliability rij is
derived by the coherence of the gradient Gij within its neighborhood. It is defined
as follows:
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quy) is the squared gradient, GXX=ZWGX , ny =ZWG), ,

ny:Zwa -G, and (G,,G ) is the local gradient. W is taken as 11*11
block around (i,j).

2.2.3 Orientation Correction

The mixed orientation model is consisted of two parts, polynomial model and singular
model. Due to the smoothness of the original orientation field, we could choose
proper polynomial curves to approach it. We map the orientation field to a continuous

complex plane [2]. Denote @(x,y) as the orientation field. The mapping is
defined as:

U=R+il=cos28) +isin(26) @

where R and I denote the real part and image part of the unit-length complex
respectively.

To globally approach the function R and I, a common bivariate polynomial model
is chosen for them respectively, which can be formulated as:
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where the order n can be determined ahead.

It is difficult to be modeled with polynomial functions near the singular points. The
orientation model proposed by Sherlock and Monro [6] is added at each singular
point, and we name it as the singular model. The model allows a consistent directional
map to be calculated from the position of the cores and deltas only. In this model the
image is located in the complex plane and the orientation is the phase of the square
root of a complex rational function with the fingerprint macro-singularities Let

¢; (i=1.n,) and d;, (i=1..n;) be the coordinates of the cores and deltas re-

spectively; the orientation O ateach point (x,y) is calculated as:
. 1 ny n.
0 (2)=0,+| 2arg(z=d,)= ) arg(z=c)) )
i=l i=1

where 00 is the background orientation (we set 00 =0), and the function arg(z)

returns the argument of the complex number z (X,y).
To combine the polynomial model with singular model smoothly, a weight func-
tion is defined for singular model, its weight at (x, y) is defined as:

0 if(iwi>1)

w= K &)
1- Z w, otherwise
i=1
0 if (D;(x,y)>1,)
w; = . (6)
1-D,(x,y)/r, otherwise

where k is the number of singular points, i is the ordinal number of singular points,
D, (x,y) is the distance between point (x,y) and i-th singular point, 7; is i-th singu-

lar point’s effective radius.
Finally, the mixed model for the whole fingerprint’s orientation field can be formu-
lated as:

0,=1-w)-0+w-O ™

In order to implement the orientation correction algorithm, the position and type of
singular points are need to detected. In our algorithm, the Poincare index method is
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used to detect the singular points. On the other hand, many parameters need to be
ascertained. Some of them are initiated and modified based on the experiments while
others are computed by least square method.

2.3 Region Mask Generation

In this step, we will classify each pixel in an input fingerprint image into a recover-
able region or an unrecoverable region. In our algorithm, an optimal linear classifier
has been trained for the classification per block and the criteria of minimal number of
misclassified samples are used. Morphology has been applied as post-processing to
reduce the number of classification errors. The detailed algorithm can be seen from
our previous work [7].

2.4 Fingerprint Filtering

In the proposed algorithm we replaced the Gabor filter[3] with an anisotropic one,
which was proved to be robust and efficient for the filtering of the fingerprint ridges.
The structure adaptive anisotropic filtering [8] was modified for fingerprint image
filtering. We use both a local intensity orientation and an anisotropic measure to con-
trol the shape of the filter. The filter kernel applied to fingerprint image at each point
(x,y) is defined as follows:

2 2 .
X y sin f - x
h(x,y.) =c¢, +c, exp(-—5 =) . ®)
20! 20, f-x,
X, =xcosy + ysiny 9)
Y, =—Xxsiny + ycosy (10)

cl, c2, O'l2 , O'f are empirical parameters,cl=-1, c2=2, O'l2 =4, 0'22 =2 in our algo-
rithm. f is a parameter related to the ridge frequency. Applying a 2D Fourier trans-
form to Equation (8), we obtain the filter’s frequency response:

M2 2
H(u,v,)=c, - 47°6(u,v)+ 27 c,0,0, -exp(— Vz ——Wz)*G(u,/,) (11)
20, 20,

— u <2
G(u'//) =12f ‘ '/" t
0 otherwise

(12)

i, =ucosy +vsiny (13)
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Vv, =—usiny +vcosy (14)

Where * stands for convolution, 0, =1/270,,0, =1/270,

Let G be the normalized fingerprint images, O be the orientation image and R be
the recoverable mask, the enhanced image F(i,j) is obtained as follows:

255 if RG,j)=0

wf/2 Wf/2

F(, j)= z Zh(u,v:O(i,j))-G(i—u,j—v) otherwise

u=—ws/2v=—w;/2

(15)

where W ;= 13 specifies the size of the filters.

3 Experimental Results

The proposed algorithm has been evaluated on the databases of FVC2004 [9]. As the
limits of pages, only the results on FVC2004 DB2 were listed in this paper.

7

Fig. 2. Some examples of low quality fingerprints and their enhanced results in FVC2004 DB2.
(a) Original image, very dry, (b) Enhanced image of (a), (c) Original image, with scars, (d)
Enhanced image of (c).
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Fig. 3. The comparison of the algorithm with and without feedback method on FVC2004 DB2
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Figure 2 show some examples of low quality fingerprints and their enhanced re-
sults in FVC2004 DB2. It can be seen form figure that these poor fingerprints (very
dry, with many scars) are enhanced well. The average time for enhancing a fingerprint
is about 0.32 second on PC AMD Athlon 1600+ (1.41 GHz).

Experiments were also done to compare the orientation estimation algorithm with
and without feedback method. The comparison results on FVC2004 DB2 are shown
in figure 3. The EER was 2.59 for the algorithm with feedback method, while 3.49 for
the algorithm without feedback method. It is clear that the performance the recogni-
tion algorithm was improved by the feedback method.

4 Conclusion

In this paper, an orientation filed estimation with feedback method was proposed to
compute the accurate fingerprint orientation. And an anisotropic filtering was applied
to enhance the fingerprint, with the advantages of the efficient ridge enhancement and
robustness against noise in the fingerprint image. Experimental results confirm that our
algorithm is effective and robust for the enhancement of the low quality fingerprint.
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