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Abstract We present a useful and eifective fingerprint image segmentation, We extract two new
features with which our algorithm can distinguish the blurred area from foreground, and, there-
fore, can reduce the number of false minutiae. We use supervised RBF neural network to classity
patterns and select typical patterns to train the classifier. Experimental results show a significant
improvement in fingerprint segmentation performance.
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1 Introduction

Fingerprints are the most widely used biometric features for personal identification be-
cause of their invariance and uniqueness. A fingerprint is the pattern of ridges and valleys
on the surtace ot a fingertip. The uniqueness ot the tin-
gerprint can be identified by the characteristics and rela-
tionships of bifurcations and endings in the ridges or
valleys (Figure 1). In order to compare two finger-
prints, a set of invariant and discriminating features are
extracted irom the fingerprint images. Most verification
systems providing a high security are based on minutiae

matching" !,

Ends

A Biturcation

Because more powertul and intelligent image pro- Fig.1 Examples of minutiae:
cessing techniques are available with the development ot end and bifurcation
computer technology, the automatic fingerprint identitication system has become a real-
ity-}). Unfortunately, noise, image deficiency and deformation may make reliable minutiae
detection very difficult. Therefore, one important step in automatic fingerprint identifica-
tion 1s the segmentation ot tingerprint images. In this paper, the foreground includes good
pattern of ridges and valleys. The background includes blurred area and blank area. Be-
cause we may extract false minutiae in blurred area, this can heavily influences the per-
formances of the minutiae extraction process and the performance of the overall fingerprint
identification system. However, iif the segmentation can classily between foregrounds and
blurred area, 1t can reduce the number of {false minutiae. In many segmentation algo-
rithms, features they extract can not completely present the teature of pixels, so their al-
gorithm can only identify the blank area but can not classify between foreground and noisy

or blurred area®!,

In this paper, we present two new features: contrast and main energy ratio. After
that, we use these two new features and other two features and well trained RBF networks
to classily foreground and background. Finally, we present some experimental results.
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2 Preprocessing
2.1 Normalization

Because the quality of fingerprint images captured by fingerprint scanner is influenced
by many facts, such as dryness and wetness ot finger, cleanness ot scanner and dryness
and wetness of the weather, we firstly use normalization to remove the effects of sensor

noise and finger pressure difference].
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where M, ., VAR, are the desired mean and variance values.
2.2 Smooth and histogram equalization

, Otherwise

After normalization, we use Gauss-smooth to reduce the influence of noises, and use
histogram equalization to make the input fingerprint image look clear.

3 Extraction of new features
3.1 Feature extraction

The first step of segmentation is feature selection. In | 4 |, there are three features
which are mean, variance and coherence. However these three features can not completely
present the feature of blurred area, so we present the other two new features.

We classify the foreground and background with four features which are contrast,
main energy ratio, variance and coherence.

Since lingerprint mainly consists of parallel structures, the coherence in foreground is
higher than that in blurred area and blank area. The block is wXw and the definition of
coherence follows' .
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where &, (i,7) G, (i,7) are the gradients at each pixel.

3.2 Contrast the first new feature
One new feature is the contrast, which 1s the normalization of variance. The contrast

is defined as.:
E ZI(:‘,;')

L v = %}(1‘(:‘,;‘)—?}»1)2; contrast = % (6), (7D, (8)

where v is variance in one block, m is mean of one block and I (i,7) is the intensity of the image.
3.3 Main energy ratio——the second new feature

The other new feature 1s the main energy ratio. A good fingerprint pattern contains

nt

narrow ridges separated by narrow valleys and the ridges are almost parallel to each other.
The Fourier spectrum of this small area reveals two high peaks except the DC components.

However, if the fingerprint pattern is not good enough, the peaks are not distinct"*
(Figure 2).
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(a) are original images (b) FFT’s of (a) (¢) are original images (d) FFT’s of (c)
Fig.2 FFT of fingerprint blocks

So this method can distinguish fingerprint signal area and noise area'’’. This feature
extraction algorithm follows.

1) Divide image to blocks of size wXw (16X16) ;

2) Transform each block image from spatial domains into frequency domains using
FFT;

3) Search for the two peaks except the DC components. The two peaks are symmetri-
cal to the DC components;

4) Because of noise, we define main energy ratio as

. . E,+E |
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where F(i7,75) 1s the value of image in the frequency domain after FFT, s is a circle with ra-
dius of r, r is the distance from the peak to the DC component and is round to the nearest
integer, E, is the value of one peak, E,; is the value of the other peak, E, is approxi-
mately equal to E ;.

4 Design the classifier
In [ 4], a linear classifier was used. Because the pattern may not be linearly classified,

[8]

there could be an error*®™. We use the RBF network to classify and this can reduce the er-

ror which was produced in [4]. The radial basis function is Gauss-kernel function and this

9] The number of nodes in the

PBF network has 4 inputs, one output and three layers
hidden layer 1s determined by the result of training and the target error 1s 0. 0001.

We selected 250 foreground blocks and 250 background blocks and computed the four
features in each block. We used these features to train the RBF network and determined
every parameter in the RBF network.

We used the well trained RBF network to classify the input fingerprint image. First-
ly, we divided the input fingerprint image into w X w blocks and computed the four fea-
tures in each block. After that, we put these features into RBF network and classified each
block in the input fingerprint image into foreground and background. If a block is fore-
ground then B(i,7) =1, else B(i,7)=0. After image B 1s obtained, the classification 1s
completed. We can also compute the percentage of foreground. If the percentage of fore-

ground regions is smaller than a threshold, then the input fingerprint image is rejected.

S5 Experiment results

In order to validate the performance of our algorithm, this algorithm was tested with
the NIST24 standard fingerprint database and the fingerprint database which consists ot
fingerprint images of size 300 X 300 captured by a Veridicom ™ COMS sensor. We also
compared our algorithm with the segmentation algorithm based on direction and the seg-
mentation algorithm based on gray level. We selected randomly 4000 fingerprint images in
the NISTZ24 and the fingerprint database captured by a Veridicom'"” COMS sensor, respec-
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tively and used three algorithms to classify the foreground and background. The experi-
mental results showed that our algorithm is better than the other two algorithms and is ro-
bust in tfingerprint image segmentation. QOur algorithm is also suitable to the extremely dry
fingerprint images and extremely wet fingerprint images.

We select two images in the test database which is captured by a Veridicom'™ COMS
sensor (the size 1s 300 X 300). From the result, we can see that our algorithm has good
performance in fingerprint images which have noise, sweat spot and false trace.

In feature 4, the new teatures we extracted present the pattern of the blurred area
well, so the blurred area is identified. However, other algorithms can not identity the
blurred area and extract many false features in the blurred area, so the precision of the
whole system is reduced.

From the experimental results, we can see that our algorithm can identity the blurred
area, reduce false minutiae and improve the performance of the fingerprint identification
system.

Fig.3 (a) The original fingerprint image with sweat spot; (e) The original fingerprint image
with false trace; (b), (f) The results of our algorithm; (c), (g) The results of algo-
rithm based on direction; (d), (h) The results of algorithm based on gray level. The

black blocks are the background

(b)
Fig.4 (a) The original fingerprint image with blurred area; (b) The result of our algorithm af-
ter Enhancement and Binarization; (¢) The result of algorithms based on direction and

gray level after Enhancement and Binarization; (d) The result of other algorithms after
thinning and many false minutiae in blurred area (indicated by circles)

Our algorithm of segmentation is efficient and effective, but the result of our algo-
rithm 1s not very accurate in the edge of fingerprint images and there may have an error be-
cause the new features our presented are efficient only when the block is big enough (the
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size of block is 16 X 16)., However, the minutiae usually do not appear in the edge and
when they appear in the edge, the result of minutiae extraction in the edge area is intlu-
enced by the enhancement, binarization and thinning.

6 Conclusion

In this paper, we present a segmentation algorithm based on multi-features. In many
other papers, they almost can not accurately identily the blurred area and may extract
many false minutiae in this area. Because we use the two new features which can present
the pattern of blurred area very well, the result of segmentation 1s highly improved.

We also use RBF network as a classifier and this reduces the deficiency created by the
linear classifier. The RBF network i1s affected by only small parameters and has high train-
ing speed compared with global approaching network. So the use of RBF network can im-
prove the accuracy and efficiency of fingerprint image segmentation. The experimental re-
sults show that our algorithm not only has a good effect of segmentation but reduces the
influence of noise.
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P2 Applications

P 2-1 Industrial Processes Systems P2-2 Motion Control
P2-1-1 CIMS and Manufacturing Systems P2-3 Intelligent Robot
P2-1-2 Intelligent Scheduling and Planning, P2 -4 System Engineerng
Intelligent Processin systems P2-4-1 Power Systems
P2-1-3 ERP and MES P2-4-2 Human-Machine Systems
P2-1-4 Simulation and CAD PZ2-4-3 Intelligent Transportation Systems
P2-1-5 Modeling, Control and Optimization P2-4-4 Environmental and Bio-engineering
ot Industrial Processes P2-4-5 Intelligent Building Systems
P2 -1-6 Sensor, Measurement and Intelligent Instruments P2-5 Applications in Various Fields
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