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AStudy of Pal mprint
and Local Adaptiv

Claudio Cesar Silva de Freitas, Yuzo lano

A Acceptability: it should
Abstrac This paper proposes a studyabout palmprint provide information.
recognition using PCA. This study is important because it will The nain examples of modalities used ihiometric

show PCA applied on palmprint recognition using a simple applications are voice recognitiopalmprintand fingerprint
method to extract principal lines from palmprint images Besides geometry and palmar veins, DNA, retina and iris. In this
we will perform a study to verify the performance of PCA using  apiicie we will studypalmprintrecognition usinghe principal

an adaptive thresholding. After that, we will match the result lines

with different papers to show different ways to solve this . . . .
problem, and how our proposal can be a contribution for all Over the years, biometrics has attracted industry interest

these different methods. The results showed that the PCA for commercial applications, generating large investments.
presented a significant increase of performance in the recognition iS happeningdue to economic feasibility and great security
when using the adaptive thresholding. For images without that these systems providégure 1 shows graph illustrating
processing, the algorithm presented a perfomance of 78% the gowth trend of the average rate of investment in this area
success. However when applying the adaptive thresholdng, over the yearf3].

system performance reached 98.5 % accuraaate.

Index Term®  Biometrics, Palmprint, PCA, adaptive $10,000.0
thresholding. $9,000.0
$8,000.0

I. INTRODUCTION $7,000.0

iometric systems are a technologhich usesphysical or pegio
behavioral characteristics to verifie personal identity — *°%°
[1]. Although not impossible, biometric characteristics ar¢ **°°
much more difficult tdoe reproduced or copig¢dan compared %%
to a card with a bar code or a numeric password. 32,0000
One of the mainadvantags of biometric systems is 0%

$0.0

related to the presence of features that you cannot lose
forget. This is an advantage for the user and for theesyst
because there is no longtre need to manage passwords,
authentication tokens or cards that can be lost, stolemlgr

temporarilyused.[2] S _ We seekto increase studies about this technology and
There are several modalities in biometrics, whang  improve the security and performance. This study will show

information able to discriminate an individual can bethe results obtained from PCA anmmhimprint recognition
considered a biometric characteristic. An ideal biometrigsing |ocal adaptive thresholding.

system must satisfy the following properties [6]:
A Un_iver_sglit.y: al | individual s MUsdkcrdHS S € S S and be
characterized by this information. _ N
A nidueness: This information should be unique to eachA. PalmprintRecognition
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Figure 1 Investmenti biometrics(IBG, 2011)

individual. The palmprint recognition is a field of study that has

A Per main ewst eemain with an individual shown wide growth due to higrecision biometric and easy
throughouits life. implementation. Researches in this area are using high and
A Collectability: this i pdesoldrdinages High fesolitiodlimages are @rimdrilg ¢ t i
easily. used for the detection of criminals. Low resolution images are

used commonly in commercial applications such as access
control [4]. In high-resolution images, it is possible to extract
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examples oforincipal lines extracted from thgalm hand of Its shapeand details are immutable and permanent, from
some individuals birth to death, and these characteristics (variability,
classificationp immutability, and permanendke)the postulates

of fingerprintingd are the ones whencouraged the use of the
impressions of dermatoglyphic®rf identification purposes.
Taking into accountboth methodsshown in the literature
(palmprint and fingerpnt), this work will focus on the
palmprintmethod

C. Biometric Features

According to Kong et al.[4], a typical palmprint
recognition system consists of five parts: scanner,
preprocessing, feature extraction, matcher and database.
Basically, the scanner captures the image of the palm. The
preprocessing helps normalize the image to flature
extraction algorithm. The matching algorithm will compare
two images and the database will store the templates. In the
Figure 2 Principal lines samplef5] following topics each step &pproached

The palmprint recognition is one of the biometric

modalities used for various purposes such as commercial use, j\)SC?”“‘?ft . | d hiah luti
or to identify criminals. In a biometric system using these palmprint Image can assume low and high resofution.

features, the system will verify the users selecting palmprif°"9 _<Iat afl.[4] shows t,h?t Iowesolut|ond|mr?gﬁs are Iuged
features. Some applications are explored by several authordffinarily for commercial purposes, and high resolution

the literature such asmobile platforms[6] and systems Images fqr applications in forensics. In_ general,. high
embedded7]. resolution images have 400dpi or more, whie-resolution

According toRotinwaAkinbile et al [12], these systems Mages have 150 dpi or less. o . .
Some authors also use palmprint images in 3D proposing

can use texture, lines orastically based features to identi ) . . . .
y fya merger with the 2D imagd40]. It is possible find papers

a person. In the following sectiorss detailed study will be < ° | hiah ot . d N7i
shownapproaching biological features and biometric aspects!JS'n_g spectral high resolution 'mag@l] and_analyzing
multiple characteristics of higtesolution imageglL2].

B. Biological Aspects

The reasons for using a biometric modality should also be b)Preprocessing
justified throughits biological aspect. A complete reference  After obtaining a palmprinimage, it is necessarto
aboutthis aspect is described in theok written byCummins identify the region of interegROI). This step consists oén
and Middle[8]. algorithmfor obtaining the region of interest of the palmprint
According Cummins and Middleh¢ palmar surface is to obtain main features. In this case, we needxta€t the
covered by a different skin coverimghen comparedavith the principal lines. In the literature, it is possible find different
rest of the body. It is a corrugated skin with ridges and valleygethods to extract the RQB][13] [14]. Factors such as the
each other quite near, in which there aresebaceous glands, computational cost and features usually determine the most
but there are a lot of sweat pores. It ise@ilermatoglyphics, Suitable ROI extraction algorithnBesides, it is necessaty
and thisterm literally describes the sculpted surface of theemove noise or any problem that can affect the feature
skin on the volar regions. extraction algorithm, such as brightness correction anasfoc
Many studies have been conducted in order to understand
the pattern of dermatoglyphics and understanding their c)Features Extraction
structure and embryogenesis. Studfesm Mulvihill and In this step featuresand informationare extractedrom
Smith [9] are someof the most complete discussions on thighe palmprint, and will be stored in the database and
topic, detailing the history of the study the dermatoglyphics subsequently used by timatcher It is important to define
structure and they also presenan updated version of how exactly what information will be used, because it impacts
such structureare formed. the preprocessing anon algorithm for recognition. These
Dermatoglyphics of the fingers, palms and soles of theharacteristics can be the palm shape, the distance between the
feet are formed between the 10th and 19th week of pregnantijgers, palmprint, and the principal lines, or just a
and their appearance begingfatirsfingertips and palms, and combination between each other.
a little later,at the soles of théeet. From the 20th week of There aredifferentapproaches to featurateaction. This
intrauterinelife, the fetus has the papillary crests fully formednethod is determinety the gplication used. In the present
and they become visible on the surface ofapiglermis. studywe are using the local adaptive thresholding to extract
The shapethat dermatoglyphics assie is so variable that principal lines.
it is not repeated in different regions of the hands, fingers or
feet of the same individual or different individuals (postulated d) Database
variability). These variations occur within limits that allow a  The database is a space where the information will be
systematic classification. stored. It is important that the images used have the highest



possible resolution Besides its size should be kepas eigenvector corresponding to the largeigienvalueand so on

minimum as possiblepreventingtaking too much memory until the last line corresponds to the smallgenvalue.

space antheninterferingwith thematcher performance Principal components are uncorrelated variables which
For images generated with high resolution, it is importaratre converted from a set observations of possibly correlated

to consider the sensor that will be used to capturethed variables. The number of principal components is less than or

algorithm used for processing and feature extraction. It equal to the number of original variablg®8]. This

possible find databases availabletbalnterne. In this study, transformation is defined in such a way that the first principal

we use the databafem Hong Kong PolyU15]. component hasghe highest variance. Let D1,D2, ., e the
sd of n competitive index images and edcima g e 6 sxys i z e
e)Matcher pixels. Each competitive index; 3 transformed into column

It is necessaryto consider the features, time requiredyectors Dof lengthx x y, so that the size of the featuratrix
feasibility, computational cost and tligpe of information is (xxy)xN. The average competitive index vector A of
used to choose an algorithm to identify an user. There ardraining ima@s is computedsfollows.
variety of different approaches and algorithms for each type of

modality in biometrics Several authors in the literature have . P

used different ways for this specific applicatj such as Local 0 g 0O

Binary Patternd16], Fourier Transform17], Gabor filters

[18], Sobel filter for detection of rowd9] and wavelet filters Each competitive index vector is subtracted by the

[20]. average competitive index vector A to make the feature vector
The purpose of this study is the implementation of arero mean.

algorithm to extract the principal lines using local adaptive o O B

thresholding, and after that, apptliye Principal Component
Analysis (PCA). The earliest study using PCA in biometrics The covariance matrixCov is obtained from image
has been proposed [al], where they utilize PCA in the face difference Dvectors as

recognition. Since then, this proposal has bagectof study
and adapted by marauthors.

Mohamadian[22] proposes a combination of PCA with
ICA. [23] Performs a comparative study usindCR, LDA and
GDA. Reference[24] uses PCA and GabdWavelet, and Where® is transpose of they. The eigemectors of the
Laadjel et al.[25] proposed a combination of PCA with acovariance matrix §ov) are theprincipal components. The
Fourier transform. Some authors are using multispectraigenvalues represent the distribution of the source image

v .o~ P o
osué— ww

images with PCA palm lines as showr{41] [42]. energyamong althe eigenvectorsn order forthe eigervecta
corresponding tahe highesteigervalueto havemore eaergy.
I1l.  PRINCIPAL COMPONENTSANALYSIS Make a matrix M of eigerectors corresporag to h highest

The PCAmethod analyzes data reduction, elimination ofigérvalues of covariance matrixCoy), whereh < x x y.
overlaps and finally selectshe most representative dataMatfix projects the data into eiggmaceso that it is also called
linearly combining the original variables. This tool is veryProjection matrix. The competitive index imaggisCprojected

useful for pattern recognition, and its use is recommend&© €igerspace using M which is defined @ss

when the vector of characteiits hasseveraldimensions or 5Qi 0D O ©
when the graphical representation is not possible. . o o
After the formation of spaces Containing pp}‘mt ThusCesis the new tra|n|ng sathosesize is h*N.

imagesand its representation, the PCA can reduce the data The tescompetitive index image is also rtiplied by the
size. For example, images used in this gthidve a resolution projection matrix, so the size of the test competitive index is
of x and y, whereathis value for all classassed in this study also reduced from (xxy)x1 to hx1 aftte query image is also
would require a large computational cost, capacity, alggojected into eigenspacghe testimage matcheswith the
considering the data size occupying the computer memoHg&ining set images usinguclideandistance metrics. Ithe
Using PCA, we can create a map of projections to calculd@St image is P arithetraining image is Q, then tteuclidean
the average of ehcclass, and transform all data to a simplélistancebetweerthemcan be measured as follows:

vector. We can separate the PCA in the following bstgips:

L Acquisition of data or samples of M vectors of 06 &a 0Ok & i,,E(‘) 5 0
dimensiom.
2. Calculate the average of these data. _ _ _
3. Subtracting the average of the data items. The PCA technique is able to generate a palmprint map,

4. Calculate the covariance matrix using all subtractions.where the smallest Euclidean distance between the image of

5. Calculate the eigenvalueand eigenvectors of the interest and its representation on the nugierminesthe
covariance matrix. palmprint recognized.

6. Arranging theHoteling transform matri® whose rows Figure 3 representn image wherenecan seehow
are formed from the eigenvectors of the covariance matriiis algoithm can measure this distance. In this figure, there
arrangedn such a way that thérst line element (0.0) is the are different points, and the goalt@sfind out the point with

3



the shortestdistance. In this case, the point B is the positioefficient is our proposal considering different projects and
with theshortestistance. approaches.

The original database consists of 7720 palmprint images
capturedrom 193 individuals In our experiment, however, in
order to reduce computational cost and yet maintaining the
statistical validity, we use 120 individuals, and 10 images per
class. The choice of images was based on the palinanafs
that had less variation in brigigss and illumination, and good
resolution. The images used are extracted in Bitmap format
with a resolution of 128x128 pixelsigure 5 showssome
samples used in the study.
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X

Figura 3 Shortestlistance calculated bihe algorithm

Figure4 shows the image pajnint map generated by the
algorithm usedln the present studyhe imagepalmprintmap
has 120 classes, representing 120 different uash point
means one person and its main features. ueolor limits
some points @& be found with the same coldmwever, the
position will define its identity and features.

Figure 5 Samples used in this study.
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After selecting the images for testing, ve@plied an
adaptive thresholding to extract the palmprint principal lines.
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1) Local Adaptive Thresholding

The local adaptive thresholding consists in a method that
processes the gray levels and colors of an imagsidering
them as an input, and generating an output in binary format.

This type of technique is applied to each pixel and
basically works with levels of valuehat define whether a

; : : : ; : : pixel is part or not of a specific thresholthere existtwo
4000 TI000: 2000 FlOD0; O ZGMDC 2000 a00% 000 approaches for such techniques, global and local approach,
and thisstudy will use the local approach.

This is a statistical method, where you canthsenean

The PCA is explored by other authors using thigalues from the pixels, T. Where:
techniqgue in many other modalitiesuch as fingerprint

-1000

-2000

Figura 4 Features map with the whole images

recognition[29], [30], faces[31]i [33], the veirs of the palm y i ER 1T Ag
[34], eard35], irises[51] [52], voice[38]i [40] and palmprint. c
IV. DEVELOPMENT This method is applied on each pixel, and basically, it

This project seekdo develop a palmprint recognition works with values_that will define_if one specific pix_el_ is part
system using PCA and locadaptive thresholding. The of one defined region. Then, cons!den_n’@a)’@nd defmm_g a
software used was MATLAB Version 200%n Windows vaIue_V, the gdaptlve thresholding is calculated using the
platform. The computer used has the following configuratior{(.jllOWIng equation:

4 GBRAM andIntel Core 2 Duo 3 GHz. YO QQERQ D E ®

Palmprint images &sl in this study were obtained from ) o S )
the database of the Center for Research in Biometrics Hong This operation is applied inside the ROl imagewever,
Kong Polytechnic University, using a sensor to scan ttgthere are regionahichcannot be defined B® & Qhen it is
palmar surfaces.The PCA algorithm was adapted from ahecessaryo calculatethe global meanFigure6 shows
MATLAB code available if41]. examples of images processusing this method.

The metlod used in this study extracts the principal lines
using local adaptive thresholdinghereafter,all images are
submitted for classification, identification and training using
PCA. The results will be analyzed and matched with other
works in the literatug using the accuracy rate as a criterion of
comparisonThroughthis matching, it is possible verify how



Figure 6 Some results obtained usitagal adaptive thresholding

V. RESULTSAND DISCUSSION

Initially, it is necessaryo submitall images generated by
adaptive thresholding algorithto PCA classification. PCA
will create features map containing a point representing each
image submitted. Each point inside this map means a palm

hand. In the present studyhe mapgenerateds shownin ) ! ' . ]
figure 4. algorithm will use the Euclidean distance to classify new

This map presents a pattern organizatiosing! the images anq find_the nearest point inside tmap. The
principal components as referendgenceit is necessary to &lgorithm will consider this point as the result.
find the mean image for each group of images from each palm [n order to validate this method, we have performed
hand. This mean image represents a merger of the msfyeral tests using differeaimounts of imagesor training

features from each palmprirthusit is possibleto create the and testingto verify its impactn classification. See table 1 to
most repesentative point inside this feature map. visualize the esult obtained, where LAT means Local

One can see in figure? this representation with mean adaptive thresholding
points. Dueto color limitation and point shapes, a few points
are represented with the same color or shape, however, the
most important information to be considerede theirs

Figure 8 Merger between palmprint projections and mean
image

After obtaining the map shown in figurg the PCA

Tablel. Local matching
4 training 6 training 8 training
6 testing 4 testing 2 testing

osition
P Normal  735%  79.0% _ 83.0%
LAT 91.5% 96.0% 98.5%

To obtain the accuracy, the PCA algorithm generates a
table with 2 columns. The first column contains which image
is expected to each row, and the second column contains
which image was identified. Then, it is possible create a
matrix confusion to obtainhts percentageAfter that, we
analyzed different papers and results to verify how efficient
our approach is. For this matching, we are considering the
accuracy rate.

Table2. Matchingwith different authors
Figure 7 Features map with mean image Total of Method Accuracy
Images Rate
. L . . . L Method PCA & adaptive
In figure 8, it is possibleto visualize a combination proposed 960 threshomiﬁg 98,5%
between the faares map containing all features point and its Michael et al. Local Ridge
; ) 272 98,02%
mean representatiorin order to understand the following [42] Enhancement
figure, we recall figurest and7, where each group of features Adhgl‘a&%r]a et 300 Pa'"é%’ggg‘t Palm 97 706
point has its own mean point representing the most irapbrt Mahesh & 960 Palmprintr)éc 98.2%
representation from each group. Swamy [44] Speech Signal e
Hariprasath et Wavelet Packet
al. [45] —— Transform e
Gohetal. [46] 900 Wa"e'Fﬁltuf‘rGabor 96,70%
Kumar et al. K Quantized Phase
[47] 500 Featured 2




