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Abstract—In this paper, by using the improved fingerprint
pattern, the fingerprint preprocessing effect of using Gabor
filtering have been effectively improved. Then, by combining
the advantages of the direction-based binarization algorithm
and the local threshold algorithm, this paper can effectively get
the fingerprint image binarization and remains the topological
structures of the image. Finally, the experiments prove that the
fingerprint image enhancement and improved binarization
algorithm can improve the accuracy of the fingerprint feature
extraction.

Keywords-Image enhancement, Binarization, Recursive

algorithm

L INTRODUCTION

Generally speaking, fingerprint identification mainly
contains fingerprint image acquisition, preprocessing,
binarization, thinning, feature extraction and matching. The
preprocessing is the key to the fingerprint automatic
recognition algorithm. But, the common algorithms for it
have the following problems:

1. Due to can not take full inherent characteristics of the
fingerprint (e.g. orientation, frequency, consistency and so
on), these algorithms cannot restore the structure which were
drowned out by noise or dry and make a poor effect in
processing too dry and too wet image.

2. The binarization algorithms, such as the direction-
based binarization [1], the local thresholds and other
algorithms [2], all have advantages and disadvantages and
still have areas to improve.

Taking into account that the fingerprint image has strong
characteristics in texture and direction, this paper presents
the image enhancement preprocessing algorithm and the
binarization algorithm to solve the above issues.

II.  THE IMPROVEMENT OF PATTERN CALCULATION AND
THE OPTIMIZATION OF BINARIZATION

In current, the preprocessing algorithm for fingerprint
image is quite mature, and the most popularity one is the
Gabor filter segmentation algorithm based on direction [3-5].
Gabor filter has the characteristic that can connect the time
domain and frequency domain in the best resolution, so can
make a good balance between them. But for poor quality
fingerprint images (such as too dry and too wet), this method
cannot get a good effective. However, if we enhance the
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image before the preprocessing of Gabor filtering, the effect
for poor quality fingerprint image will significantly improves.

A. The improvement of direction calculation of fingerprint

Because the typical fingerprint image is the texture image,
so its ridge line can be calculated with the image gradient
information in block. Pattern which can be directly obtained
from original gray image is very important to preprocessing
and feature extraction. The pattern describes the tangential
direction of the ridge or valley line of each pixel in the image.
Because the direction of each pixel of fingerprint image in an
appropriate region is almost the same, so the direction of the
block is often used to instead of the direction of the pixel in
actual calculation. The direction calculation of fingerprints
directly affects the preprocessing effect of the Gabor filtering.
Existing algorithms [4][6], have a common characteristic,
that is, in large block, the calculated results are crude but
relatively reliable; in a small block, the calculated results are
accurate but the anti-noise ability is poor. This paper
improves the algorithm by calculating the ridge line direction
in different block sizes. First calculates in large block, and
then calculates the square gradient consistency of the point in
this block area to determine whether to continue to split it
into smaller blocks. If the square gradient consistency of the
small block is still not satisfied, this small block would be
considered as a background or noise in this fingerprint image.
This algorithm not only integrates the reliability and
accuracy, but also not increases the complexity of the
algorithm.

Let G, ) is the gray value of the fingerprint image

G at the point of (@, 7) . The calculation steps are as
follows:

(1) Divide the fingerprint image which has been
preprocessed into non-overlapping blocks with the size of
MxM.

(2) For each pixel 1. )) , using the following two
templates, respectively, to calculate the ¥, Y direction

Gx(ijj) and Gy(l’j)

gradient
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TABLE L. TEMPLATE 1
1 2 1
0100
1|2 ] -1

TABLE II. TEMPLATE 2
1001
2102
-1 101

(3) For each block which its center is (@..J) , its direction
calculation formula is as following:

M-1M-1
S 2G4 (i./)Gy i)

(M

[G2(i./)~G2(i.))]
G #0,G_#0
X Yy

(4) Calculates the square gradient consistency coh(i, j)
for each point in the block. Its calculation formula is as
following:

w2 w2 5 5 2 w2 w2 2
X T (Ge) =Gyi)7) XX 2GG)Gy(0h))
i=—w/2 j=—w/2 i=—w/2 j=—w/2 :

coh(i, j) =

w2 w2 V) 2
X T (Gyle) Gy )
i=w/2 j=—w/2

2
If the square gradient vector of all points within one

block have the same direction, the value of coh close to 1.
If the square gradient vector of all points within one block

uniformly point to all directions, then coh tends to 0.
Therefore, the CON reflects the divergence degree of the
block's direction, and its value is between 0 and 1.

setting the experience threshold Teon L If

coh < o , then set N=M/2 , and calculates coh(i, j)

Here,

using formula (2.1) and (2.2). If still coh <TCU” , then judge
this block to be a background or noise region, and mark it as

mask(i, j) . Among them, mask(i, ) =1 indicates that

the point corresponding to the fingerprint region;

mask(i, j) =0 indicates that the point corresponding to the
background or noise region.

(5) Assuming the ridge line direction of all pixels within
each block to be the same, the pattern which is
corresponding to the original image can be got. Then, do

mask(i, j) _ |

low-pass filtering in the regions which their

In the fingerprint image, except the center point and the
triangle point, the direction of fingerprint ridge line is
generally continuous changing. Therefore, the low-pass filter
can be used to smooth the mutation of the ridge line direction

and can correct the calculation error caused by noise. In this
way, the direction of the ridge line can more accurately
reflect the trend of the ridge line. The algorithm of
fingerprint ridge direction is as follows:

Divide the image into blocks with the size of W*W.

Set the value of W to be 8, 16 and 32, and calculate the
directions of these blocks.

Correct the directions of the blocks when their sizes are
16*16.

Use same way to correct the directions of the blocks
when their sizes are 8*8.

Use the Gaussian low-pass filter to smooth the image
direction.

Experimental results show that the improved pattern
increase the preprocessing effect of the Gabor filter
segmentation algorithm. In the areas of direction rapidly
changing, this improvement has played a role in denoising
and smoothing, and ensures the accuracy of the logical
topology which is extracting from feature point.
OPTIMIZATION

B. The optio pattern-based fingerprint image binarization
algorithm

The crux of binarization lies in the selection of threshold
value. In current, the commonly used binarization method
mainly contains fixed threshold method, adaptive threshold
method, context filters method [2] [9], parallel pixel-based
method [8] and so on. But these methods only use the gray
information of the image, so binarization of this fingerprint
image is not ideal. Another binarization algorithm is the
direction-based gray value second derivative zero-crossing
method binarization [3]. This method makes full use of the
texture characteristics of the fingerprint. The fingerprint
image, as a typical texture image, has following
characteristics: along the perpendicular direction of ridge
(from the ridge to the valley), the gray value first increase,
and then decrease and become a ridge. Therefore, the value
of the second derivative of the gray changing is zero at the
junction of ridge and valley line, is less than zero at the
valley line, and is greater than zero at the ridge line. The
reference [7] uses the sign of the second derivative to
determine the boundary between valley and ridge, and then
get the binarization of the image. The main advantage of this
method is not need to determine the threshold by person, and
can produce the continuous binary image in the low contrast
area. However, in the area of the fingerprint which the
direction is rapidly changing, this method may cause to the
binarization cannot accurate reflect the logical topology of
the texture of the original image. This is not allowed in a
highly accurate AFIS.

This paper combines the block average iteration and the
reference [7] and presents an improvement algorithm. This
algorithm partially eliminates the defect that the binarization
cannot accurate reflect the logical topology of the texture in
the area which direction is rapidly changing. The improved
binarization algorithm idea is that: determine whether
direction of the fingerprint texture occur mutation in the area
of block; If so, then use the block average iteration method to

Published by Atlantis Press, Paris, France.
© the authors

1041



The 2nd International Conference on Computer Application and System Modeling (2012)

replace the second derivative zero-crossing method to obtain
the binary image.
Specific algorithm is as follows:

Here, let the image width is Width , height is
the value of direction changing is thd , the threshold of the
direction changing is T | the memory space of the texture

DzrectGraph , the mask memory space of the
texture pattern is GraphMask

is BlockSize anq its value is 8;

(1) Use the block average iteration method to do image
binarization

2) Heightx(width—1/2) Use the second derivative
zero-crossing method to do image binarization. Among them,

[ is the width of the window.

(3) Detect and track the locations which have the
direction mutation. And then, record the number of block
which have the direction mutations.

(4) Use the local threshold method to recalculate to the
recorded block.

(5) Since the second derivative zero-crossing method

Height

pattern is

, the size of direction block

uses the direction information around point (@../) within a

range of wxl o merges the most right wxl/2
boundary and the left part.

(6) If the image still has small holes, using the block
average iteration method to remove them.

Among them, I'=r*10/9

The block average iteration method: First, calculates the
maximum and minimum gray value of each pixel in each
block. Here, the maximum gray value is denoted by

iMaxGrayValue

, and the minimum gray value is denoted

by iMinGrayValue

. Then, calculates the average of them,
and denotes it by iNewT) hreshold 1f the gray of the pixel
is less than the average, calculates its gray average value

iMeanlGrayValue ; if the gray of the pixel is greater than

the average, calculates its gray average value
iMean2GrayValue Finally, let iNewThreshold i
iMeanlGrayValue |,

equal to the average value of

iMean2GrayValue

, and estimates the gap between
iNewThreshold 5,4 iThreshold 1t the gap is zero, let

the value as the final threshold; otherwise, iterates 100 times
to get the final threshold.

The second derivative zero-crossing method [7]: Let the
grey value of pixels (@, ) is 16, ) , and let the ridge line
direction of pixels @7) is 0G, j)€[0,7) . So, the
second derivative along the

I .. . AT
v=[-siné(, j),cos 0(, /)] direction of the gray
value (the curved surface is expressed by pixels gray value)

TG )=I it Q)+, f)os’ G, )~1" sin260, )
(P@) (;

Among them, 4 (@, ) is the (p+q) -th partial

derivatives of the gray value surface at the point of (@) ,

Dig along the horizontal axis, 9 is along the vertical axis.

The continuous surface =/(%) can be obtained by
fitting the pixel gray values in the

window (2L+DEL+T) having (@) as a center. The

partial derivative of the pixels (@.7) is approximately
expressed by the corresponding partial derivative of Z .
Specific formula is as follows:

) NPT (xy)
(p Q)(,’j)NW. 3)
T T
f(X,J’)Z Z—O ;Ogm,nhm(x)hn(y)' “)

100 £ | £ i) O

r
Among them, fP’L and fP’L( ) is the stimulated
response of the bounded one-dimensional pulse filter with

the length 2L+1 , the coefficients is given by the following
formula:

3(3L2 +3L717512)

. _ . 6
'fO’L(l)_(2L+1)(2L—1)(2L+3) ©
st 15L4+30L3—15L+5—21L212—21L12+712) Rl
Ay L(L+1)(2L+1)(L-1)(2L—1)(L+2)(2L+3)
s0(312-17-1)
'fz’L(l):L(L+l)(2L+1)(2L—l)(2L+3). ®
le[-L.L]

Control the length parameterL of the filter is the key. If

the value of L is too small, it will lead the continuous
surface Z too greater adapt to the observation data, and thus

cannot distinguish and remove noise; If L is too large, Z
may be too simple and cannot close to the fingerprint ridge

lines in the window. This paper let L is the 0.5 times of the
ridge line spacing. The calculation method of ridge line
spacing can read in reference [4] and [7].

III. EXPERIMENTS

Processing 200 pieces of fingerprint images uses the both
before and improved algorithm.The statistics show that the
improved algorithm has a better effect than the old
algorithms with the probability of 95% in the circumstances
that the direction is violent changing or the image is too dry
or too wet. Therefore, this method is effective. Fig. 1 shows
some typical experimental results.
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Figure 1. Original fingerprint image

A

Figure 2. Original binarization image

V

.

Figure 3. Improvement binarization image

IV. CONCLUSION

This paper presents a fingerprint image preprocessing
method based on improved pattern and a improved
fingerprint image binarization method. By using the
improved algorithm of fingerprint pattern, the fingerprint
image preprocessing effect of the Gabor filtering has been
enhanced. By combining the advantages of the direction-
based binarization algorithm and the local threshold
algorithm, this paper presents an effectively fingerprint
image binarization algorithm. It not only can maintain the
topological structures of the image, but also solves the
problem of too dry for image. Experiments show that the
fingerprint image enhancement and improved binarization
algorithm improve the accuracy of the fingerprint feature
extraction, enhances the weak information in too dry and too

wet

fingerprint image, and restores some missing

information.

(1]

[2]

B3]

(4]

(5]

(6]

(7]

(8]

[]

[10]

(1]

REFERENCES

DUAN Ming-de; GAO Zuo-bin; MA Wei; LI Ji-shun. Application of
RE in the Development of Tractor Covering Parts. Tractor & Farm
Transporter [J], 2007, PP:86-88

GUO Liang-gang; CHEN Yong; LIU Xiong-wei. Study of the
Application of the Reverse Engineering Technology in the Design of
the Complex Cavity-Surface Dies & Moulds, Die & Mould Industry
[J],2002.1, PP12-17.

CHEN lJin-shu; WANG Shi-gang; SANG Ai-jun. A new fingerprint
method for pretreatment. Chinese Journal of Scientific Instrument [J],
2001, PP: 231-232.

SHAO Zhi-yong; WEN Chun-you; TIAN Ying. Fingerprint image
binarization method comparison studies. Journal of Anshan
University of Science and Technology[J]. 2004.6, PP:186-189.

HUANG Xian-wu; SU Peng-cheng; BAI Pei-quan. Segmentation
based on directional filtering algorithm for fingerprint identification
system. Chinese Journal of Image and Graphics[J]. 2002, PP:829:834.

LIN Hong; YI Fei-wan; Anil Jain. Fingerprint Image Enhancement:
Algorithm and Performance Evaluation. IEEE Transactions on
Pattern Analysis and Machine Intelligence[J]. 1997, PP:302 —305.

GUO Hao; OU Zong-ying. A Finger print Image Enhancement
Research Based on Gabor Filter. Chinese Journal of Scientific
Instrument[J]. 2003, PP:384-386.

HUANG Xian-wu; SU Peng-cheng; BAI Pei-quan. Algorithms for an
Automatic Fingerprint Identification System Based on Oriented
Filtering and Segmentation. Journal of Image and Graphics[J]. 2002,
PP: 829-834.

Vesa Onnia,Marius Tico.Adaptive Binarization Mathod  For
Fingerprint Images. Acoustics, Speech, and Signal Processing, 2002.
ICASSP-2002., 2002 IEEE International Conference on

N. Ikeda; M. Nakanishi; K. Fujii; T. Hatano; S. Shigematsu; T.
Adachi,Y; Okazaki; H. Kyuragi; Fingerprint image enhancement by
pixel-parallel processing, 16th International Conference on Pattern
Recognition, 2002,pp. 752-755.

Eun-Kyung Yun, Sung-Bae Cho  Adaptive fingerprint image
enhancement with fingerprint image quality analysis Image and
Vision Computing (2005) 1-10.

Published by Atlantis Press, Paris, France.
© the authors

1043




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




