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ADAPTIVE FILTER IN LOW QUALITY

FINGERPRINT IMAGES
*

CHEN M ao-Lin　QI Fei-Hu

( Depar tment o f Comput er Science and Engineering , Shanghai Jiaotong Univ er sity, Shanghai 200030, China)

Abstract　A method o f fingerpr int image enhancem ent based on BEG algo rithm and w avelet transfo rmation was in-

troduced to enhance t he image quality . First , a m ethod t o estimat e t he local image g r adient , called the BEG ( best

estimat ion o f gr adient ) algo rithm w as proposed to ex tr act the tex ture o rient ation par ameter s. Then the fr equency

paramet ers in local fingerprint window w ere calcula ted. A t last an adapt ive M or let w avelet filter w as used to en-

hance the fingerprint im age acco rding to the par ameter s in the fo re steps. T he per fo rmance test show s that this

method is v aluable in pr actical uses.
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低质量指纹图像的自适应滤波
*

陈茂林　戚飞虎

　(上海交通大学计算机科学与工程系, 上海, 200030)

摘要　提出了基于 BEG 算法和小波变换的方法用以增强图像的质量. 首先提出了局部图像的梯度估计方法 ,称之

为 BEG(梯度的最佳估计)算法,用来提取图像的纹理方向特征参数.然后,在指纹的局部窗内计算其频率参数.最

后, 根据这些参数,用 M or let 小波滤波器对指纹图像进行自适应滤波. 性能测试结果表明,该算法在实际中具有较

高的应用价值.

关键词　梯度场, 频率场,小波变换, BEG 算法.

Introduction

Automat ic f ing erprint recognition sy stem has

w ide use such as crime ident ificat ion and access

control , etc. In this type of system , the prepro-

cessing of fingerpr int im age is very important , be-

cause it af fects the sy stem perfo rmance direct ly.

During the acquisit ion of fingerprint im ages,

the fingerpr ints are of ten in poor quality because of

many reasons, bringing many dif f iculties to the

fo llow ing fingerprint feature ex tr act ion and classi-

ficat ion. So , the fingerprints fr om fingerpr int ac-

quisition machine cannot be used readily to the

recognit ion and they must be preprocessed. F igure

1 is an example show ing a fingerpr int image in low

quality . T he minut iae cannot be marked directly in

it .

F ig . 1 Fingerpr int im age in low quality

图 1　低质量的指纹图像

　　In this paper , w e intr oduce a method that uses

M or let w avelet filter. An alg orithm is proposed,

w hich we call it BEG, to have a best est imat ion of
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gr adients o f the sub-windows in fingerprint image.

Then the fr equency features are represented in the

local w indow s. Nex t an adapt iv e w avelet f ilter is

used according to the local features. T he experi-

ments show that the algor ithm has got g ood re-

sults.

1　Gradient Field of Fingerprint Image

Gradient f ield represents the changes of pixels

gr ay in fingerprint im age. A gradient direct ion in

local w indow can be defined as the main gradient

direct ion o f the w indow . M any methods have been

int roduced to calculate the lo cal w indow’s gradient

in the references. Dividing the upper half plane in-

to four parts [ 3] , the pix els have the smallest gray

square error in the o rientation that is perpendicular

to the m ain gr adient direct ion. But the last result

is only for gr adient direct ions, it can’t be the pre-

cise est im ation of the main gradient direction. In

Ref . [ 2] the autho r first established a goal funct ion

about local gradient o rientation, then calculated

the best estim at ion of local g radient direction. The

gr adient module at each pixel w eights the goal

funct ion defined in the reference. But it do esn’t

w ork w hen the fingerprint image has m uch noise,

especially w hen the image is in a sparse state. The

last synthesized gr adient intensity is very small be-

cause they cancel out each o ther. At this time, it is

dif ficult to determ ine the m ain orientat ion. The

fo llow ing is to describe our method o f est imat ing

the main gradient or ientat ion. It is a best est im a-

tion, so called the BEG ( best est im ation of

gr adient ) alg orithm.

1. 1　BEG Algorithm

Given a fingerprint image I , the angle of g ra-

dient vector at each pixel is defined as �i, j , the g ra-

dient vector as d
→

i, j ( i= 1,⋯, M , j = 1,⋯, N ) , M , N

as the w idth and height of the image I , respect ive-

ly, the main o rientation vecto r as d
→

, orientat ion

ang le as �. P roject the unit g radient vector , d
→

i, j at

each pix el in the local w indow onto the m ain orien-

tat ion vecto r d
→

and sum them :

S = �
M

i= 1
�
N

j = 1
‖W d

i, j cos(�- �i, j )‖, ( 1)

w here W d
i , j

w eights the pr oject ion f rom vector d i, j

to the main orientat ion vector .

When � varies, it is obv ious that the value of

S in Eq. ( 1) also varies. When S arrives the ex-

treme point , �is the best est imat ion of main g radi-

ent orientat ion in local w indow .

In or der to simplify the calculat ion, rew rite

the equat ion ( 1) as

S = �
M

i= 1
�
N

j = 1
W

2
d

i , j
cos2 (�i, j - �) . ( 2)

Differ ent iat ing Eq. ( 2) w ith respect to �,

dS
d�= �

M

i= 1
�
N

j = 1
W

2
d

i , j
sin2(�i, j - �) , ( 3)

　　Set Eq. ( 3) to zero , an ext reme value of S is

obtained. T hus, � co rresponding to the ext reme

value S can be so lved from the above equat ion.

Value of �is as Eq. ( 4) :

�=
1
2 ar ctan

- 1
�
M

i= 1
�
N

j= 1
W

2
d

i , j
sin( 2�i, j )

�
M

i= 1
�
N

j = 1
W

2
di , j co s( 2�i, j )

( 4)

1. 2　Algorithm Design

Assume the sour ce image to be I , G is it s gra-

dient map.

( 1) Divide the image I into sub-blocks w hich

have 16×16 pixels in size;

( 2) Calculate the g radient Gx ( i , j ) and g radi-

ent Gy ( i, j ) at each pix el in the image, w here Gx ( i ,

j ) and Gy ( i , j ) are the g radient in horizontal and

vert ical direct ions. Calculate the o rientation angle

�i, j and gradient intensity G ( i, j ) through Gx ( i , j )

and Gy ( i, j ) .

( 3) Calculate W d
i , j

: divide the upper half

plane into six teen equal par ts, which are used to

estimate the gr adient orientat ion in local w indow .

F irst ly , map the gradient direct ion at each pix el in-

to one of the six teen areas, secondly, make stat is-

t ics of the numbers P i ( i= 0, . . . 15) , respect iv ely ,

w hich reco rded the pix el po ints located in each of

the six teen ar eas. Ranking them in the o rder of de-

creasing , eight areas f rom the beg inning can be

chosen as the main direct ion areas and set W d
i , j as

the g radient intensity at the pix el point . In the
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F ig . 2 Sixt een predefined areas fo r t he

dir ect ions of local fing erprint window

图 2　局部指纹窗中 16 个预定义的方向区域

other eight areas, w e set the w eight value o f W d
i , j

to zero. T he sixteen areas in the upper half plane

are shown in Fig. 2.

Fig . 3 Gradient map G o f fingerpring

( a ) BEG algo rit hm ( b) A . Rao’s alg or it hm

图 3　指纹图像的梯度图 G

( a ) BEG 算法　( b) A . Rao’s 算法

　　( 4) According to Eq. ( 4) , calculate the gradi-

ent field m ap G. Im ages show n in Fig . 3 ar e the

gr adient maps w hich are overlapped on the source

image. Figure 3( a ) is the result gr adient m ap of

BEG algo rithm , and Fig. 3( b) is the result of the

alg orithm introduced in Ref [ 2] . Com paring the

tw o maps, one can infer that our alg orithm has

st ronger ability to resist no ise.

2　Frequency Field of Fingerprint Image

In a lo cal w indow w here no minut iae and sin-

gular po ints appear , the pix el g ray values can be

m odeled as a sinusoidal-shaped w ave along the di-

rection w hich is perpendicular to the dir ect ion of

r idges or v al ley s. T he var iat ions of w ave frequency

am ong neighbo r w indow s w ill be sm al ler if less

m inut iae o r singular po ints appear .

F ig . 4 Calculat ion o f frequency field

图 4　计算频率场

　　Point C, shown in Fig . 4, is the center o f sub-

w indow in fingerpr int image. d1 , d2, d 3 are the gra-

dient direct ions in the sub-window . They go

through the quartered po ints o f the dashed line in

Fig. 4. Segm ent out the w indow from the finger-

print image and draw out the pixel’s gray value

curve along the direct ions d 1, d2 and d3 . In order to

r em ove the effect of noise, the next step is to aver-

age the pixel gray value at direct ions d 1, d2 and d3 .

T he examples of results are show n in Fig. 5.

In o rder to calculate the spatial f requency of

local sub-w indow , w e average the pix el number s

betw een any tw o consecut ive peaks, m ar king it us-

ing T c, then the spatial frequency is f c=
1

T c

.

　　When much noise ex ists in the sub-w indow ,

o r singular po ints ex ist , it’s diff icult to obtain an

obv ious w ave peaks and valley s. T he f requency of

such w indow s is set to zero . When these frequency

values are needed, interpolat ion can be applied
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F ig . 5 G ray value curv e along the

main g radient dir ection

图 5　主梯度方向上灰度曲线

using the neighboring w indow s.

3　Morlet Wavelet Filter

Wavelet has st rong signal-analyzing ability in

t ime-frequency dom ain. It’s w idely used to pro-

cess the 1-D and 2-D signals.

We def ine M orlet wavelet as follow s:

� ( x , y , kx , ky ,  ) = exp( -
( kx x ) 2 + ( kyy ) 2

2 2 ) ×

exp( i ( kxx + ky y ) ) , ( 5)

Fig. 6 Source image ( a) and the filter ed image ( b)

图 6　源图像 ( a) 和滤波图像 ( b)

( x , y ) are the variables representing the spat ial po-

sit ion, ( kx , ky ) are the numbers of w aves,  is the

standard deviat ion of Gaussian w indow . tan
- 1 (

k y

k x
)

is the o rientat ion angle of w avelet .

The wavelet t ransform at ion of image I can be

expressed as the convolut ion of im age I and M orlet

basis funct ions, show n in Eq. ( 6) :

G ( k, x 0 , y 0) =∫� x
0
, y

0
( x , y ) I ( x , y ) dxdy . ( 6)

　　When w e design the w avelet filter, w e only

hold its cosine elements. T he par am eters can be

set as fol low s:

( 1) Set the f requency of w avelet f ilter to kcf c

( f c is the f requency of local w indow , kc is a con-

stant ) ;

( 2)  is a constant ;

( 3) Set w avelet ang le to the ang le of the m ain

g radient vector( �) in local f ing erprint w indow .

4 　 Experiment Result and Performance

Test

　　For a f ingerprint image w ith 512×384 pix els

in size, w hich can be div ided into blocks w ith size

o f 16×16, calculate the g radient m ap at each pixel

points and have an est imat ion o f m ain gr adient vec-

tors in local w indow s, using the method int roduced

in section 2. Then com pute the f requency field in

each sub-w indow s using the technique in sect ion 3.

Af ter that , having g radient f ield and frequency

f ield of f ingerprint image, w e can do the adapt ive

w avelet f iltering to r em ove the noise in fingerprint

im age and enhance its quality. T he experim ent re-

sult is show n in Fig . 6.

For the fingerprint image, the gradient of

neighbo ring pix el po ints varies much in the area

full o f high no ise, and the com posite intensity of

g radient v ectors at each pixel in the local w indow

w ill be very sm al l because they will cancel out each

o ther. So w e can use the com posite gradient inten-

sity as a perfo rmance of our alg orithm . When our
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F ig . 7 Curves r epr esenting the

composite g radient intensity

图 7　合成梯度强度曲线

algo rithm has bet ter result , the com posite intensi-

ty w ill be st ronger than o thers’and the gradient

vectors should dist ribute uniformly in a r ange.

Take out the sub-w indow s in the middle line of fin-

gerprint im age as the sample data and the compos-

ite intensity curves can be draw n out . The curves

are show n in Fig . 7. The curve with litt le squares

represents the com posite g radient intensity of

source image, the one marked w ith t riangles r epre-

sents the com posite gradient intensity of im age

pr ocessed using the algo rithm in Ref . [ 3] , and the

curve w ith stars represents the intensity of im age

filtered using our algorithm. One can find that the

image quality has been im proved mo re using our

　　

alg orithm, as compared with the curves in Fig . 7.

5　Conclusion

We have proposed the BEG m ethod to opt i-

m al ly est im ate the gradient field of fingerprint

im age, and explo ited another feature-frequency

f ield. On this basis, we use the w avelet f ilter to do

the adapt iv e image filtering , and have a perfor-

m ance test using the composite g radient intensity .

Experiment results show that our method has en-

hanced the f ingerprint image quality much.
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