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ABSTRACT

This study proposes a new method of estimatingefimint orientation field by utilizing prior knowdige of
fingerprint images and Self-Organizing Map (SOMheTmethod is based on the assumption that fingérpri
images have some common properties that can beEnsited to build prior knowledge. In this methedch
fingerprint image was divided into 16 regions etyuahd the regions were analyzed separately. Tlyzanthe
regions, they were divided into blocks of 8x8 pixéteature vector of each block was constructeslibyming

the pixel intensity values in row and column wiBarthermore, feature vectors of the blocks wereatmated

to form a feature matrix of the region. The matras then processed by SOM to find the most dominant
orientation field of the region. The experimenuitssshowed that the chosen feature gave shorhemdcSOM
training. In addition, the method was able to estarhe orientation field of most regions. Howetee, method
could not precisely determine the orientation fietle blocks are dominated by background pixels.

Keywords: Fingerprint, The Orientation Field, Prior KnowledgOM

1. INTRODUCTION

Fingerprint image is mostly composed of parallel
ridges that form a pattern. It is accepted thaeigattern
in a fingerprint is unique and will not change imet
entire life of the owner. In some locations of fngrint
images, a ridge forms a straight line, whereasthero
locations it forms an arch or a curve. In other dgorthe
direction or the orientation of a ridge correspoimsts
location. A term commonly used to quantify the
direction or the orientation of ridges is oriertatifield.

Some literature defines fingerprint orientationldie
as the local orientation of the ridges-valley stuue
(Chen, 2012; Taet al., 2010) or the ridge-valley flow
orientation at each location (Wang and Hu, 2011).
Hence, each point in the fingerprint image, evedt th
is not located in ridge-line, has its own orierati

field. It is common to specify the orientation fiein
block-wise rather than in pixel-wise. For instanage,
(Liu and Liu, 2012) the writers assumed that the
orientation field is a 2D matrix composed of the
orientation of pixels that present the dominanged
orientations of a block in the fingerprint image.
Orientation field is an important feature in the
fingerprint image. It contains useful informatidrat can
be used to distinguish fingerprints. Researchewd us
orientation field in some fingerprint processinglswas
distinguishing fingerprint images from non-fingarr
images (Yoon and Jain, 2013), separating latent
overlapping fingerprints (Fengt al., 2012; Zhao and
Jain, 2012), fingerprint indexing (Cappelli, 2011),
fingerprint reconstruction (Feng and Jain, 20lihlyerprint
identification (Wang and Hu, 2011; Vaidehi and are
2010), fingerprint matching (Chest al., 2010), fingerprint
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image enhancement (Yoast al., 2011; Fenget al., orientation. By using this method, they reporteat tine
2013) and detecting altered fingerprint (Yoeh al., matching performance of a commercial matcher
2012). Therefore, it is desirable that methodsstinete improved significantly. Wang and Hu (2011) estindate
the orientation field should be simple, fast arldibée. field orientation by using modeling approach whbeayt

This study proposes a new method to estimateproposed an identification method to partial fingnts.
fingerprint orientation field based on prior knoddge of They conducted an experiment by analyzing the ¢loba
fingerprint images. The method works on block-wise topological features. First, they built an inveosentation
basis. We have hypothesized that each ridge has anodel and then solved valid solutions in a general
different orientation in different location or regi. expression for all the inverse models. Finallyythagilt an
Based on this hypothesis, the orientation of blocksalgorithm to reconstruct the missing orientatioucture.
represents the orientation of the region where é¢hos Wang and Hu (2011) reported that this method can
blocks are located. improve the performance for partial fingerprint

The rest of the paper is organized as follows.i8ect identification. Similarly, (Zhao and Jain, 2012)edsa
2 reviews some published orientation field estiorati model of the orientation field when they built aligom
methods, Section 3 describes proposed estimatiorfor separating overlapping latent fingerprints. Mbd
method, Section 4 presents experiment procedure anthased method is commonly used to estimate the
results, Section 5 discuss some issues and fiSaityion orientation field of latent fingerprint due to poguality

6 presents the conclusion of the paper. and unclear ridge structure of the fingerprint iesqg
Fenget al. (2013) proposed a rather different method
2. RELATED WORKS to estimate the orientation field of fingerprinthéir

) ) ] ) ) ] ] method worked on a dictionary that was built based
. The estimation method of flngerpn_nt Ol‘.len'[?.tIOGkﬂl ~ prior knowledge of the ridge structure in fingerpsi
is among the _most popular topics in fingerprint gased on the experiment result, (Feetgal., 2013)
researches. Various methods have been proposed tQorted that this method could improve conventiona
estimate the orientation field. In this section, regiew algorithms. Similarly, (Wang and Hu, 2011) utilized
some p_ubllcanons related o methods for orientatield rior knowledge when they developed algorithm for
estimation, namely gradient-based, model-based an[gstimating the missing parts of fingerprint. Thayltba

dictionary-based method. In addition, literaturégpor - - ;
knowledge usage and SOM implementation are reviewedprlor know:cegge by _obsetl\_/;lng the gen((ajralhrldgﬁ tohgﬁ
briefly at the end of this section. p_attgrns ° _mgerprlnts. ey reported that thet

Cappelli (2011) used gradient-based method to5|gn|f|cantly improve the system performance.
estimate local ridge-line orientation when he desdy Although these methods showed gooq performances,
fingerprint indexing algorithm. He utilized the howr:ever _they Ineled_ some preprocessing and heavy
orientation field information to estimate ridgedin mat er_naﬂcs calculation.
frequencies as well as to find core position. Heoreed Motivated b_y_ the advantages of neural network, some
that the proposed method was fast and accurate. ThEESearchers utilize SOM to perform some tasks, sisch
combination of model-based and gradient-based rdetho O classification (Turky and Ahmad, 2010) and for
was used by (Liu and Liu, 2012) to model the oréion measuring the quality of fingerprint images (Olseal.,

field. Initially, they estimated the local orieritat field ~ 2013). SOM is usually chosen due to its capabiity
of a block using common gradient-based method andcluster data without supervision. In this metho@Msis
value, proposed a sparse coding for modelling gz r

part and the imaginary part separately. They report 3. PROPOSED METHOD
that the method was effective to model the oriéomat ] o
field of poor quality fingerprints. Although gradient-based, model-based and dictienary

Literature such as (Yooet al., 2011) and (Wang and based show satisfied performance, they need long
Hu, 2011) used model-based method to calculate the&computation due to the need of preprocessing and
orientation field. Yooret al. (2011) proposed orientation Sometimes postprocessing. In this study, we progose
field estimation method to enhance latent fingerpri different method to estimate the orientation fiekhis

They modeled orientation field into two componeots  method does not need any preprocessing or possinge
orientation, namely singular orientation and realdu Figure 1is the diagram of the proposed method.
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Fig. 1. The diagram of proposed method

The method utilizes prior knowledge of fingerprint
images and Self-Organizing map. In this contexiQrpr
knowledge is a collection of facts that commonlyrfd
in fingerprint images. The prior knowledge can lsed
to reduce the wrong estimation of ridges’ orieiatati

Following is some prior knowledge we have
observed: (1) It is common that fingerprint imagee
positioned vertically when examined, (2) most intpot
information of fingerprint images is located in ttentral
area and the bottom part of the image, (3) mogerid
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orientations in the upper regions is curved inwgt)isome

of ridges orientations do not exist in some regiang (5)
most regions are dominated by a specific oriematio
except regions where cores or bifurcations existis T
prior knowledge was examined in the experiment by
using 50 images of all classes of fingerprint,, ileft-
loop, right-loop, whorl, arch and tented-arch. Bime of

all images is 512x512 pixels.

The method divided each fingerprint image into 16
regions of the same size, so that the size ofegens
was 128x128 pixels. The regions were numbered from
upper left to the bottom right as showrFig. 2.

Each region was divided into non overlapping blocks
of 8x8 pixels to construct a feature vector of ebldck.
Hence, the number of blocks in a region is 256.

There are some choices of properties or values of
blocks which can be extracted to form a featuree Th
good feature should represent the unique propértiieo
block. In this research, we chose the sum of pixel
intensity in the block, vertically and horizontallyo
create feature vector. Suppokém, n) is the intensity
value of a pixel at positiofm, n) in a block and theR,,
and C, are calculated by using Equation 1 and 2. To
create a feature vectd®,, andC, are concatenated:

Rﬂzzgll(m,n) m=1,2,...,¢ (1)
anzgll(m,n) n=12,..., (2)

All feature vectors in the region are then arrantged
form a feature matrix. This matrix is fed into t8B©M
network that will classify the blocks into clusters our
experiment, we limited the number of clusters torfto
reduce the possibilities of similar blocks scatteaenong
the clusters. Theoretically, there is no direct nagism
to determine what data grouped in a certain cluster
However, because this method only seeks clustdr tha
have the greatest number of blocks, the index ohsu
cluster can be determined. Then, blocks in thastetu
are analyzed separately. In this method, we estunat
block’s orientation by calculating pixels’ gradiantthat
block using Sobel operator as seeffig. 3. To calculate
the gradient we use Equation 3:

G
6= aIan[y]
GX

®3)
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Gx and Gy resulted by Sobel operator can be

positives or negatives. Because the gradient ajesd
ranges from 0° to 180°, we used Equation 4 to tateu

the gradient in degrees:

G .
atar(—y] ifG> 0and &
GX
atar(Gyj ifG< Oandx
- G (4)
o= G
90 + atar{ayj ifG< Oand (>
G .
9 +|atan =L | ifG> 0and G<
Gx y

The most frequent occurrences of pixel's gradiard i
block represent the orientation of that block. Remnore,
the most frequent occurrences of block’s orientatio
represent the most dominant orientation field af tegion.

4. RESULT AND DISCUSSION

The proposed method was tested using selected
fingerprint images of NIST-4 database. We selected
images of the five main classes, namely left-loop,
right-loop, whorl, arch and tented arckigure 4
shows five images of those classes.

Next, we conducted three experiments, (1) finding
the optimum epochs of SOM training, (2) buildingopr
knowledge and (3) testing the performance of the
method. To find the optimum epochs we tested 10

We classified gradient values into eight categories values, from 100 to 300 with an increment of 25. We
namely 0°, 22.5°, 45°, 67.5° 90°, 112.5°, 135° andalso used one big value, 1000, to test the validitthe
157.5°, by using the rules Fable 1.

/;'g T %‘&:k
D00
o

e -.ﬂ‘
B

Fig. 2. Fingerprint image and its numbered regions

-1 0 -1 =1 +2 -1

-2 0 +2 0 0 0

-1 0 -1 -1 -2 -1
Gx G

Fig. 3. Sobel operator

Table 1. Category of gradient

Category Range of gradient’s values
0 q< ®or g> 168

225 1P<q<3?

450 38 <qg<56

67.5 58 < q< 78

900 78 <g< 107

1125 10f<qg<12?

1350 128<q<14€

157.5 148< g< 168
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result. We used 50 images composed of 10 fingdrprin
images of each class. The same images were used to
show the performance of the orientation field eation.

4.1. Finding the Optimum Epoch

SOM is categorized as an unsupervised training
network. It means that we cannot predict in what
cluster a certain data will be grouped. Theorelygal
when the number of data in each cluster has been
steady, then the sample data that has similar ptiege
would be grouped in a cluster.

To find the optimum epoch, we set SOM topology to
‘grid’ and four clusters. The purpose of this expent
was to find the minimum epochs when the SOM trajnin
started to be steadY¥able 2 shows the short version of
the result that contains only 5 blocks of 4096 kéofor
each fingerprint imageFigure 5 clarifies the data
presentation ofable 2

Based onTable 2 andFig. 5, it can be concluded that
the SOM training started to be steady at epoch 150.
When the number of epochs is increased, i.e. Up@d,
there are no significant changes in the number of
clusters’ members. This small number of epochs show
that the feature was chosen appropriately.

4.2. Building Prior Knowledge

The prior knowledge we listed in Section 3 is based
on our finding of visual observation. To suppore th
finding, we generated prior knowledge using 50 damp
of fingerprint images, 10 images for each classstfFve
calculated the gradient of pixels in each blockefThve
determined the gradient of blocks by finding thesimo
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dominant gradient of pixels in the block. Finallye knowledge that was listed ifable 3. To determine
determined the orientation field of regions by the indexes of dominant blocks, we inspected the
discovering the most dominant gradient of blockshe  cjuster that contains the maximum number of blocks
region. Second column cfable 3 presents the most pgageq on these indexes, the blocks of the origina
%?gnggmgrggt{ﬁg Sﬁlc?r Eagivfgd;ig'on‘ We chtge images were marked using 8x8 pixel marks. To
' show the orientation estimation, we designed 8ksar
4.3. Performance of the Method that represented 8 directions of the ridge, sthrt
In testing the performance of the method, we chosefrom 0° to 157.5° with an increment of 22.51g. 6
the optimum epoch number 200 that was taken fromshows the orientation field estimation of each oegi
Table 2 and Fig. 5. Furthermore, we utilized prior based on Fig. 2

Fig. 4. Example of tested samples, (a) Left-loop, (b) Rigbp, (c) Whorl, (d) Arch and (e) Tented-arch
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Fig. 5. The optimum of the number of epochs
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Fig. 6. The estimation of orientation field of each regio

Table 2. The dominant of the number of epochs
Number of epoch

Block 100 125 150 175 200 225 250 275 300 1000
Block #1 071 078 078 078 085 083 085 084 086 0086
Block #2 142 092 091 092 098 094 102 132 095 0095
Block #3 105 090 093 092 093 094 094 092 095 0093
Block #4 120 071 073 072 071 073 078 076 073 0078
Block #5 164 157 176 176 176 176 176 176 176 0176

Table 3. The most dominant orientation field

Regions’ orientation

Region 1% rank 2" rank
1 67.5 45.0
2 225 45.0
3 135.0 112.5
4 135.0 112.5
5 45.0 67.6
6 90.0 67.5
7 135.0 1125
8 135.0 1125
9 225 45.0
10 225 112.5
11 112.5 225
12 112.5 135.0
13 0.0 225
14 0.0 225
15 0.0 157.5
16 0.0 225
5. CONCLUSION SOM network to determine the dominant gradientaathe

block. The most dominant gradient of blocks represthe

We propose a new method to estimate fingerprintorientation field of the region. We used the oagioh field

orientation field. Fingerprint images are dividedoi 16 of regions to built the prior knowledge. The resfitour

regions. Then, each region is divided into blocksx8 experiment shows that the chose feature is sinopieas the

pixels to generate a matrix feature. A featureamheblock  training process of the SOM is very fast; it needly 125

is then generated by summing pixel intensity vabfesach ~ epochs to be steady. Furthermore, the method caectlp
row and column. The feature matrix is then fed itite estimate the ridge orientation in most regions.
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