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Abstract: In a fingerprint recognition system only fingerprint region of scanned image should be taken into 
account. Hence, it is necessary the ROI (Region of Interest) to be segmented from the background.
Different methods have been proposed for fingerprint segmentation. In this paper, some of the most 
important methods are introduced and implemented. Then one of them is modified and based on it, an 
adaptive and supervised method is proposed. Finally, all of implemented methods and the proposed method 
are evaluated and compared to each other. The DB2_B of FVC2004 is selected as a standard database, to 
implement each method. The experimental results demonstrate the effectiveness of the proposed method,
concerning the extraction of ROI, especially in low quality images.
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INTRODUCTION

Fingerprint images which are captured from the 
scanner, consist of two main regions, the ROI and the 
background. The ROI is the area of scanner surface that 
has been contacted with a finger surface and remain 
area is referred as background. The ROI includes all of 
information which is needed for fingerprint recognition. 
Also, the background doesn't have any useful
information and is a noisy region. In order to analyze 
the fingerprint image, it is necessary the ROI to be 
segmented. The separation of ROI from the image
background, where the background is removed from the 
processed image, is named as  fingerprint segmentation 
[1]. Fingerprint segmentation is an important step in 
automatic fingerprint recognition systems.

In automatic fingerprint identification systems, a 
claim will be identified by the features will be extracted 
from the fingerprint image. Hence, the accuracy of 
identification system is dependant on extracted features. 
In order to improve the performance of identification 
system, it is necessary, the fingerprint features have 
extracted from the ROI. Several approaches to
fingerprint segmentation are given in the literature [2]. 
In [3], the local histograms of ridge orientations are 
used to segment fingerprint images. This method fails 
when a perfectly uniform block is encountered. In order 
to solve this problem, in [4] proposed a composite
method that, besides histograms of orientations,

computes the gray-scale variance of each block and the 
absence of reliable information from the histograms, 
assigns the low variance blocks to the background. In 
[5] segmentation is done, using variance of gray-level
in the orthogonal direction to the ridge orientation. The 
method has been proposed in [6], uses the average
magnitude of the gradient in each image block. In the 
method proposed in [7] in order to, extract the ROI, a 
variance and mean based threshold method has been 
employed. Also, in order to segment fingerprint images, 
in [8] a method has been proposed. This method uses a 
Gabor filter bank which is included 8 filters.

In this paper, we introduce and implement some of 
the most important segmentation methods. Then, the
variance, mean and ridge orientation of each pixel are 
computed. Based on a combination of these features 
and pre-computed weight coefficients, we have
proposed an adaptive and supervised method to
segment fingerprint images. The effectiveness of
proposed method is evaluated by comparison between 
the proposed method and all of implemented methods.

This  paper  is  organized as follows. In the
following sections, first, some of the most important 
segmentation methods are introduced and then the
proposed  method  has  been  presented.  In  section 3, 
all  of  introduced  methods  and the proposed method 
are  implemented  and  experimental  results  are
shown. Finally a brief conclusion section will
summarize the paper.
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SOME OF THE MOST IMPORTANT 
SEGMENTATION METHODS

An important step in an automatic fingerprint
system is the segmentation of fingerprint images.
Several approaches to fingerprint image segmentation 
are given in the literature. Some of the most important 
segmentation methods are as below.

Variance and mean based threshold method: In [7], 
In order to segment the fingerprint images, the
fingerprint is partitioned in blocks of w×w pixels. Then, 
each block is assigned to ROI according to criterion 
defined as:

b i

b i

std std
m m

≥ α (1)

Where stdb and mb are corresponding standard
deviation and mean of each block, stdi and  mi are 
standard deviation and mean of whole area of
fingerprint image, respectively. Also, α is a suitable 
threshold value.

Convex-hull based method:  In [9], fingerprint image 
are segmented based on convex hull method, in order to 
aim this purpose, the gray level of each pixel is
normalized to interval [0,1]. Then the mean of
normalized image is obtained. Based on this mean, the 
normalized image is changed to a binary image. Then, a 
3×3 median filter is applied to binary image. Then,
using an edge detection algorithm, all edge of binary 
image are detected and based on them, the ROI is 
extracted as a polygon using polygon convex hull 
algorithm.

Dynamic threshold based method: In order to
segment the image according to [10], a variance field V
is obtained by calculating variances inside each non 
overlapping q×q block from the original fingerprint 
image. Then the threshold t calculated as:
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Where Gx (i, j) and Gy (i, j) are vertical and horizontal 
components  of  the  gradient from V centered at pixel 
(i, j). nv  is  the  number  of pixels in V. in the next step, 

the areas of original images where V (i, j)>t, are
assigned to inside the ROI. Then, several disconnected 
areas are obtained. The largest connected area is the 
ROI.

Adaptive method: In [11] a supervised method based 
on fusion of three features of the fingerprint images is 
introduced. These features are the local mean, the local 
variance and the coherence. In this method the
fingerprint image is partitioned in blocks of w×w
pixels. Then, for each block; the desired features are 
obtained. In window w around a pixel, the coherence is 
defined as:
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Where, Gx and Gy are corresponding vertical and
horizontal gradient components. Local mean and local 
variance are defined as:

Mean I
w

= ∑ (5)

( )2Var I Mean
w

= −∑ (5)

Where I is the intensity of each pixel. Then the features 
vector is defined as:

X [coh mean var 1]= (7)

In the next step, the weight vector is formed as:

T
1 2 3 4W [w w w w ]= (8)

Where w1,  w2,  w3,  w4 are the weigh coefficients of 
correspond elements of X. In order to segment the
image, criterion is defined as:

ŵ X W 01w
ŵ X W 00

 × ≥=  × ≤
(9)

Where 1ŵ and 0ŵ  are corresponding, inside and
outside of the ROI. In order to train the w, the trainer 
function is defined as:
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W(n 1) W(n) (n)X(n)e(n)+ = + η (10)

Where e(n) is segmentation error and defined as:

e d X W

1 X W 0
d

1 X W 0

= − ×

+ × >
= 

− × ≤

(11)

and η(n) is the convergence coefficient of w and 
defined as:

0(n)
1 n

η
η =

+ τ
(12)

Where, ηo and τ are the initial convergence coefficient 
and oscillation factor of each step, respectively. 

Proposed method: The main idea of proposed method 
is based on [11] as previously explained. Two major 
modifications are applied on [11]. First, Proposed
method uses dominant ridge score of each block instead 
of coherence. In order to compute the dominant ridge 
score, orientation of each pixel is obtained as:
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Where θij  is  orientation  of  pixel  (i, j).  Gx  and Gy 
are corresponding, vertical and horizontal gradient
components. Then orientation of each pixel is
normalized to 8 normalized orientations (0, 22.5, 45, 
67.5, 90, 112.5, 125 or 157.5). Then the dominant 
orientation of each block is specified as the block
orientation and the dominant ridge score is defined as:

dom
w

ndom_score
n

= (14)

Where ndom and nw are corresponding, the number of 
block orientation and the number of pixels in w. Then 
the features vector is constructed as:

X [dom_score mean var 1]= (15)

Then the binary block image is constructed as:

1 X W 0
block_img

0 X W 0
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Where block_img is a binary image with each pixel 
represents the corresponding w×w block in original
image whether it belongs to background (0) or not (1). 
Second,  in  order  to  improve  the  performance  of
the   fingerprint   segmentation,  a  post  processing 
stage  based  on  median filtering is applied to
block_img.  The  block  diagram  of  p roposed  method 
is illustrated in Fig. 1.

RESULTS

In order to implement all methods, DB2_B of
FVC2004 database are selected. Then all images of
DB2_B are segmented manually using Adobe
Photoshop7.0  software.

We call them as reference images . ROI of all
reference images is labeled as 1; and background, 0. In 
order to evaluate the introduced methods and proposed 
method, all original images (image of DB2_B) are 
segmented by all introduced methods and proposed
method and the segmentation error is calculated. The 
result images are called as segmented images. In order 
to calculate the segmentation error in each method,
criterion is defined as:

err_img (ref_img) (bl_img)

n m
err_img(i,j)

i 1 j 1error% 100
n m

= ⊕

∑ ∑
= == ×

×

(17)

Where bl_img and ref_img are corresponding, the
manually segmented binary block image and segmented 
binary blocked image using each method. Also, m×n is 
the image size and ⊕ symbol, stands for XOR
operation.

The original image, reference image and all
segmented images using introduced and proposed
methods are shown in Fig. 2. 

In order to obtain the total error for each method, 
the average error is calculated for all segmented
images. Also, weight vector w has been computed for 
adaptive and proposed method,, using Eq. (8), Eq. (9) 
and Eq. (10).In this case, we have been selected η0 = 
10−4, τ = 10+4, n = 10+6 in Eq.(10). Also, twenty images 
of database have been selected as trainees. Based on 
these assumptions the weight vector w is computed off-
line and reported in Table 1.
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Fig. 1: Block diagram of proposed method

                                               (a)                                        (b)                                        (c)

                          (d)                                      (e)                                       (f)                                       (g)

Fig. 2: a) A low quality image of database (original image)
b) Manually extracted ROI
c) Proposed method
d) Variance and mean based method
e) Convex-hull based method
f) Dynamic threshold
g) Adaptive method

Block_img(i,j)=1

yes

no

no

A= original image

Partitioning A to w*w blocks

B= block

Var= var (B)

Mean=mean(B) Calculating of θ , normalization of the orientation and finding the 
dominant orient

Dom_score=( dom_orient ÷ (w2) )X=[dom_score, mean , var , 1 ]

Seg_score= dom_score
*w1+mean*w2+var*w3+w4

Seg_score>0

block_img(i,j)=0

block_img(i,j)=1 All blocks 
segmented ?

Corresponding block in 
segmented image

=
Corresponding block in 

original image

X=[dom_score, mean , var , 1]

dom_orient=no. of dominant orientation in B
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                               (a)                                                         (b)                                                         (c)

                                                        (d)                                                                    (e)

Fig. 3: Percentage of segmentation error for all each image of database 
a) Adaptive method 
b) Convex-hull based method 
c) Variance and mean based method 
d) Dynamic threshold method 
e) Proposed method

Table 1: Weight coefficients

w1 w2 w3 w4

0.0161 -0.045 0.975 0.009

In order to implement the dynamic threshold based 
method, in Eq. (3)c = 0.4 has been selected. Also, we 
have been employed the blocks with size 8×8 to 
implement all methods. Also, MATLAB 7.2 software 
has been used in all of simulation steps.

Figure 2a shows an image of database. This image 
is a low quality image and moreover an illustration of 
previous fingerprint which is remained on the surface of 
scanner, has been observed in captured image. The
manually extracted ROI using Adobe Photoshop7.0 has 
been demonstrated in Fig. 2b.

The result of extracted ROI in each method has 
been shown in Fig. 2c-2g. The percentage of
segmentation error in each method for all images of 
database, has been computed and demonstrated in Fig. 
3. Also, we have been reported the average error and 
the average time which is need to segment a fingerprint 
image for each method in Table 2.

As Fig. 2 and 3 and Table 2 demonstrate, the
Convex- hull method, the dynamic threshold method 
and the adaptive method are unable to segment such 
low quality image. Also, these results show that, the 

variance and mean based method has a better
performance than other introduced method. However,
the experimental results demonstrate the effectiveness 
of the proposed method, concerning the extraction of 
ROI, especially in low quality images. Because, the
proposed method uses a combination of three variance, 
mean and ridge orientation features and also employs 
the median filter as a post processing step, it has a good 
performance to extract ROI, especially in low quality 
images. Although, based on Table 2 the segmentation 
times are very close to each other, nevertheless, this 
parameter in proposed method is less than all
implemented methods.

CONCLUSION

In this study, some of the most important
segmentation methods have been introduced. Based on 
one of the introduced methods, an adaptive and
supervised segmentation method has been proposed.
The proposed method is employed a combination of 
variance, mean and ridge orientation features of
fingerprint, to extract the ROI. The proposed method is 
used the median filter, as a post processing step. The 
experimental results demonstrate the effectiveness of 
the proposed method, concerning the extraction of ROI,
especially  in  low quality images; because the proposed 
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Table 2: Average error and Average Segmentation time for each method

Method
---------------------------------------------------------------------------------------------------------------------------------------
  Proposed  Adaptive Convex-hull based Variance and mean based Dynamic threshold

Average error (%)               5.4500   28.6300 19.7500 6.6400 28.5400
Average Segmentation time* (Sec) 0.0225  0.0229 0.0231 0.0227 0.0227

*Implemented using a 1.8 GHz computer with 768 Mbytes RAM and Matlab 7.2 software

method  uses  a  combination  of three variance, mean 
and ridge orientation features of fingerprint and is 
dependant on orientation of ridges in each block.
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