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Segmentation of Fingerprint Image Based on
Automatic-parameter Normalization
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Abstract A combined method to segment fingerprint images, based on automatic-parameter normalization, is presented in

this paper. Taking directional field and gray variance information in the fingerprint image into account,the method holds an

efficient and robust feature. Compared with fixed-parameter normalization in former segmentation methods,the automatic-pa-

rameter normalization presented in this paper can normalize the fingerprint image to a maximum extent while not deteriora-

ting any local image feature.
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1 Introduction

As a unique feature of every person, fingerprint is
widely used in automatic personal identification. There
are many steps included in order to extract a fingerprint
minutia"". The segmentation of fingerprint images is a
crucial step in the whole process. Several approaches to
segment fingerprint image have been presented in recent
years'”"°'. The simplest way to segment a fingerprint im-
age is to perform a threshold operation with-a suitable
threshold , as presented in [2]. But it is far more than
satisfiing. Bazen and Gerez presented a combined meth-

od,which used the directional fields and gray variance
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information'***'. Xinjian Chen, Jie Tian presented a
Linear Classifier algorithm'*'. All methods presented in
[5].[6] and [4] are more promising than that of [2].

A combined method of segmenting fingerprint
image , which is based on automatic-parameter normali-
zation ,is presented in this paper. Though the method is
still using directional fields and gray variance informa-
tion, the mathematical model in the method is more

promising than that of [57].[6],

2 Segmentation of fingerprint image

2.1 Outline of the algorithm

The method includes following steps :
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(1) A smart ‘valid area window’ is first used to
roughly locate foreground of a fingerprint,which decrease
the image areas needed to be computed afterwards.

(2) Normalization parameters are automatically
calculated from the ‘valid area window’ and performed
in the ‘valid area window’ .

(3) Divide the ‘valid area window’ into blocks,
with width and height of 16 pixels.

(4) Divide the ‘Valid area window’ into blocks,
and calculate each block’s orientation degree.

(5) Calculate each block’ s gray variance degree.

(6) Calculate each block’ s score which means of
how possible the block belongs to foreground.

(7) Identify the foreground blocks.

2.2 Calculate the‘ valid area window’

In order to reduce computation, it is necessary to
estimate the location of the fingerprint, which ensures
subsequent steps only operating in a ‘valid area win-
dow’ . The process is as follows

(1) Calculate the origin image’ s gray threshold

For a high-quality fingerprint image,there are always
at least two distinct peaks in the gray histogram of the
image ,the peak of the highest gray representing background
and the peak of the lowest gray representing foreground, as
figure 1(a) shows. While for a low-quality fingerprint im-
age,normally there is only one peak, representing back-
ground ,or no peak at all ,as figure 1(b) shows.

If a fingerprint image has two peaks in its gray
histogram , we calculate the gray values of both peaks
G, and G,. In between G, and G,,we find the valley,
whose gray is G,. Then the gray threshold of the whole
image would be

Thr =G, (1)

Else if the fingerprint image has more than two
peaks in it’ s gray histogram ,we calculate the gray val-
ues of both the first peak G, and the last peak G,,
which represent foreground and background respective-
ly. Then the gray threshold of the whole image would be

Thr = 66 (2)
2

Else if the fingerprint image has no more than one

peak in its gray histogram, then the gray threshold of

the whole image would be:

1400 Tl;reshold I

0 50 100 150 200 250

(a) A high—quality fingerprint image gray histogram

0 50 100 150 200 250
(b) A low—quality fingerprint image gray histogram

Fig. 1  Gray histogram of a high-quality fingerprint

image and low-quality fingerprint image

1 W-1 H-1 o
Thr = WXH;;Gmy(l,]) (3)

Where Width is the image’ s width, Height is the

image’ s height and Gray(i,j) is pixel (i,j)’ s gray.

(2) Find the ‘valid area window’

In the whole fingerprint image, search a window,
which exactly include the foreground.

The process is as follows

e Find all pixels whose grays less than Thr.

® From top to bottom of the image, find the first
line which has at least 5 pixels whose grays less than
Thr,indicating the top of the valid area window’ . And
in the same way find the window’ s left, right and bot-
tom, as figure 2 shows.
2.3 Normalization

Normalization is done in the ‘valid area window’
to remove the effects of sensor noise and finger pressure

difference :

M, + /VAR,(I(i,j) —=M)*/VAR 1(ij)>M

1) ={
M, - /VAR,(I(i,j) =M)*/VAR otherwise

(4)
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I, : normalized image.

I: original image.

M, : desired mean.

VAR, : desired variance.

M ;mean in origin ‘valid area window’.

VAR ;variance in origin ‘valid area window’ .

It was also used in several previous approa-

378 But all of them use fixed parameters ; M,and

ches
VAR, ,which in some cases will deteriorate some local im-
age features,as figure 3 (b)shows.

While in the proposed algorithm, M, and VAR, are

directly calculated in the ‘valid area window’ .

(a) Original image

(b) Image normalized using fixed parameters  (c) Image normalized using automatic parameters

Fig.3  Normalization using fixed parameters and automatic parameters

Auto-parameter Normalization ;

(1) Calculate gray valiance and gray mean in the
ValidGrayVar , ValidGrayMean.
Then in the equation (4) ,M = ValidGrayMean ,VAR =
ValidGrayVar.

‘valid area window’ :

(2) Calculate high-gray end: G, , low-gray end;
G, ,and valley: G, in the ‘valid area window’ respec-
tively. high-gray end means: in the gray histogram of
the fingerprint image , where the biggest gray locate, as
figure4 shows. And in similar way we get low-gray
end.

If the ‘valid area window’ has a valley in it’ s
gray histogram ,then G, =wvalley.

Else if the ‘valid area window’ has no valley in
it’ s gray histogram at all ,then G, is assigned .

c, - G, +G,
2

(5)

(3) Adjust all pixel’ s gray in the °valid area

window .

Suppose the adjust value is ads. Then the adjusted
‘valid area window’ would be:
Gray'(i,j) = Gray(i,j) +adj (6)
There exists an adj, when the adjusted image
Gray'(i,j) is normalized with equation (4 ) ,the low-
gray end tends to O and the high-gray end tends to
255 ,that is;

( B VARO(GZ—M)Z)_} 0

0 VAR .
VAR, (G, -M)*

(M0+ 0<VAIR))H 255

By a recursive method, the exact value of adj can
be easily got. Then from equation (7),M, and VAR,
can be also got.

The histogram of the normalized ¢ valid area
window’ will perfectly span the whole gray domain,
as figure 4 (b) shows. Any local image feature will
not be deteriorated as figure 3 ( ¢c) shows. This meth-

od normalized the ° valid area window’ to a maxi-
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mum extent while not deteriorating any local image

feature.
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(a) Histogram of the original ‘valid area window’
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(b) Histogram of normalized ‘valid area window’

Fig. 4 Histogram of ’valid area window’

before and after normalization

2.4 Calculate each block’s orientation degree
(1) Divide the ‘valid area window’ into blocks,

which have both width and height of 16 pixels. block X

and block Y are horizontal and vertical block numbers.

(2) Calculate each pixel’ s orientation in every

block.

219, (20)
/4 l }). l .,. =t 1“144T44f7 8
nglePixel , . (i,j) =tan 3. (i) (8)
Where AnglePixel, . (i,j) is the pixel (i,j) s
orientation angle in block(p,q). d,(i,j) and o, (i,;j)

are the gradients at pixel(i,j).

(3) Calculate each block’ s orientation'” .
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i+8 Jj+8
Vg = Y Y20, (u)a, (uw)
u=i-8 v=j-8
i+8 Jj+8
Vi) = Y S () - ()] (9)

u=i-8 v=j-8

. 1 arVo(i)
OriBlock(p,q) = —tan yr 2
r) =gt [ ]

Where OriBlock(p,q) is the least square estimate
of the local ridge orientation angle at the block (p,q)
centered at pixel (i,j).

(4) Due to the presence of noise, OriBlock(p,q)
may not always be a correct orientation angle for block
(p,q). A low-pass filter can be used to modify the
incorrect orientation angle in some blocks'” . In order
to perform the low-pass filtering, the orientation image
needs to be converted into a continuous vector field,
which is defined as follows:

@ (p,q) =cos[20riBlock(p,q) ]
{(P),(p,q) =sin[ 20riBlock(p,q) |

Where @ and @ are the x and y components of

(10)

the vector field respectively. With-the resulting vector

field, the low-pass filtering can then be performed as

follows :
wg e
' _ W(u,w)®,(p—uw,q —vw)
4)4 (p ’q) T ouzwg/2 v=wg/2 4
we e
D (p)= S S W), (p—uw,q —ow)
u=-wg/2 v=-wep/2

(11)
Where W is a 2-dimensional low-pass filter with
unit integral and w, x w,specifies the size of the filter.
So,the smoothed orientation angle of the block(p,
q) is:
Cb;,(P,Q)] (12)
D.(p,q)

(5) Calculate each block’s orientation degree.

ORI degree(i,j) =100N/ (16 x 16)
sen (AnglePixel (i,j) ,AngleBlock(p ,q))

AngleBlock(p ,q) = %tan[

N =

i.je Hlock(p.q)
wan(a.b) :{1 abs(a —b) <25°
0 otherwise
(13)
ORIldegree(i,j) : block(i,j)’s orientation degree,

as figuer 5(a) shows.
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(a) Block’ s orientation degree

(b) Block’s gray variance degree

(e) Block’s score

Fig.5 Block’s orientation degree,gray variance degree and score

2.5 Calculate each block’s gray variance degree
(1) Calculate each block’ s gray variance: Gray-
Var(i,j).
(2) Calculate each block’ s gray variance degree :
GRAYdegree(i,j) =100GrayVar(i,j)/VAR, (14)

Score(i.j) ={

VAR, : gray variance of the ‘valid area window’ after
normalization.

GRAYdegree(i,j) : block (i,j)’ s gray variance
degree , as figure 5(b) shows.

0 if(ORIdegree(i,j) < ThOri || GRAYdegree(i,j) < ThGray)
[A x ORIdegree(i,j) + B x GRAYdegree(i,j) ]/ (A + B)otherwise

(15)

ThOri = [ max( ORIdegree(i,j)) — min( ORIdegree(i,j)) ]/5 + min( ORIdegree(i,}))
ThGray = [ max( GRAYdegree(i,j)) — min( GRAYdegree(i,j)).]/5 + min( GRAYdegree(i,j))

2.6 Calculate each block’s score

Score(i,j) :block(i,j)’ s score which means how
possible the block belongs to foreground.

A and B weight factor of ORIdegree (i,j) and
GRAYdegree(i,j) . In our algorithm,A =1,B =2.

ThOri:block’ s orientation degree threshold.

ThGray :block’ s gray valiance degree threshold.
2.7 Identify the foreground blocks

In the histogram of Score(i,j) ,find the fist valley,as

8 T

ThScore

0 10 20 30 40 50 60 70 80 90
(a) Histogram of Score (i,j)

figure 6(a)shows,then

ThScore = valley
Score(i,j) < ThScore

otherwise

Forground
block(i,j) e
Background
(16)
Where ThScore is block’ s score threshold. So the

segmented foreground is as figure 6 (b) shows:
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(b) Foreground and background

Fig. 6 Block’ s score threshold and foreground and background
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3 Experiment results

10 sample fingerprints in DB1_B,DB2_B,DB3_B
and DB4 _B of both FVC2002 and FVC2000, and 10

sample fingerprints in DB1 _A, DB2_A,DB3_A and
DB4_A of FVC2004 which are selected randomly are

tested with the proposed algorithm ,and the accuracy is
assessed manually. as Table 1 shows.
Some examples of the effect of the segementation

also shown in figure 7.

Tab.1 Accuracy of Segmentation ( % )

DBI_B DB2_B DB3_B DB4_B
or DB1_A or DB2_A or DB3_A or DB4_A
FVC2000 98.3 98.9 96. 4 97.6
FVC2002 99.2 99. 4 97.2 97.4
FVC2004 99.7 98.4 95.8 97.4

Tab.2 Reduction of area in fingerprint image needed to

be calculated using ‘ valid area window’ ( % )

DB1_B or DB2_B or DB3_B or DB4_B or

DBI_A DB2_A DB3_A DB4_A
FVC2000 13.6 14.7 16. 6 9.76
FVC2002  28.9 31.1 12.2 29.9
FVC2004  65.1 13.2 13.7 27.6

(c) Origin image (d) Segmented image(binary)

Fig.7 Examples of the effect of the method

4 Conclusion

This paper presented a combined segmentation algo-
rithm based on auto-parameter normalization method. This
method utilizes the information of orientation degree and
gray variance of each block. Compared with the fixed-pa-
rameter normalization in previous approaches,the auto-pa-
rameter normalization step in the proposed method nor-
malizes the fingerprint image to a maximum extent while
deteriorating any local image feature.

From the experiment results,only averagely 2. 2%
of the blocks in FVC2000, 1.7% of the blocks in
FVC2002 and 2.2% of the blocks in FVC2004 are
misclassified , which testifies the effectiveness of the

proposed method.
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