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ABSTRACT

Finger knuckle-print biometric system has widelyedsn modern e-world. The region of interest is
needed as the key for the feature extraction inoadgbiometric system. The symmetric discrete
orthonormal stockwell transform provides the conapioinal efficiency and multi-scale information of
wavelet transforms, while providing texture featutia terms of Fourier frequencies. It outperforms
leading wavelet-based texture analysis methodss Mutivates us to propose a new local and global
feature extractor. For the finger knuckle-printe ttocal and global features are critical for an gma
observation and recognition. For the finger knugitant, the local and global information are crélic
for an image observation and recognition. The Ideatures of an enhanced finger knuckle-print
image are extracted using symmetric discrete odhoal stockwell transform. The Fourier transform
of an image is obtained by increasing the scalgyaimetric discrete orthonormal stockwell transform
to infinity. The Fourier transform coefficients eatted from the finger knuckle-print image is
considered as the global information. The local ghlabal information are physically linked by means
of the framework of time frequency analysis. Theldll feature is exploited to refine the arrangement
of finger knuckle-print images in matching. The posed scheme makes use of the local and global
features to verify finger knuckle-print images. Tiveighted average of the local and global matching
distances is taken as the final matching distanéetveo finger knuckle-print images. The
investigational results indicate that the proposadk outperforms an existing works with an equal
error rate of 0.0045 and 100% correct recognitiate 10n the finger knuckle-print database.

Keywords: Symmetric Discrete Orthonormal Stockwell TransfoRegion of Interest, Fourier Transform,
Local Feature, Global Feature

1. INTRODUCTION to authenticate an individual. The personal traftsvery
difficult to lose or forget compared to the keysdan
In olden days, the metrics like keys, cards, passwords. Genetic traits are very difficult to ywop
passwords, PIN, are used for identity verification Hence biometric system is found to be safer andemor
computer systems. Sometimes these metrics may oftesecure than keys or passwords. The various applicat
be forgotten, revealed or altered. The biometrteays  of biometric technologies are in Forensic, Govemine
are designed for a reliable and accurate Commercial, Healthcare, Travel and Immigration. The
identification/verification. Biometrics can use igal biometrics like fingerprint, face, palmprint, irifland
characteristics like fingerprints (Ponnarasi angaRan, geometry has been studied broadly for human
2012), face, palmprints (Gayathri and Ramamoorthy,verification in several years. Multimodal biometric
2012; Hussein and Nordin, 2014), ear (Algabatyal, systems are also used to reduce the error rates and
2014), irises, or hand veins, or behavioural enhance the usability for personal identificatias been
characteristics like speech, hand scripting ormgpieat, presented by (Krishneswari and Arumugam, 2012;
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Mathivananet al, 2012). Hand-based biometrics has within the particular region is encoded in the loca
been widely used in this e-world among the variousfeature. It is appropriate for better representatibhe
biometric systems. The finger knuckle-print is ertely better recognition accuracy is obtained by fusihg t
distinctive due to creases and skin folds and hénise  |ocal and global feature appropriately. Ratial (2014)
considered as a typical biometric verification syst It proposed the Kekre’s wavelet transform along with
is not easily destroyed since people typically hetlaffs  jmage enhancement is estimated on organized FKP
with an inside of the hand. It has a high user pizo®e  database. A Riesz transforms is utilized to encibee
because it does not contain criminal investigaisnin  |oca| patterns of FKP images has been presented by
the fingerprint. Therefore, the finger knuckle-prin (zhang and Li, 2012).
fe_ature_has a Iar_ge _Iikely to be broadly identifiesl a Baranidharan and Ghosh (2012) decribed the
biometric authentication system. extraction of global features using Hilbert Tramgicand

The local orientation information is extracted by cassifiation using Genetic Algorithm Optimized Em
Gabor filter and Fourier transform of an imageaken (GAOE) Neural Network. Moraleset al (2011)
as global features obtained by rising the scalghef  suggested the Gabor filter technique to enhance FKP
Gabor filter was conducted by (Zhamg al, 2011).  images and Scale Invariant Feature Transform (SI§T)
(Kumar et al, 2013a) proposed the Fuzzy binary used to extract the features. Although the previsoiks
decision tree algorithm which is used for decision demonstrated that the finger knuckle-print are uejq
making on two classes: Genuine and imposter usinghowever they have some disadvantages that maiely us
matching scores computed from the biometric 3D shape features of FKP images rather than texture
databases. Kumaet al (2013b) projected an Ant images and subspace analysis method’s are not
colony optimization based fuzzy binary decisionetre successfully extract the distinctive features in PFK
for bimodal finger knuckle-print verification syste  images. Zhangt al (2011) used the Gabor feature and
The unique line and joint features in finger kneekl ~Fourier coefficients as local and global informatim
print are not easily extracted by the subspaceyaisal FKP images. A new Weighted Competitive coding (W-
schemes. The outer surfaces of finger joints ing&in CompCode) scheme for effective feature matching was
Knuckle-Print (FKP) images have more line features Propsoed by (Gao and Yang, 2013).

than palm surface of the palm print image and finge S 'I;he rzematlmger of m's stutdy. 'T orggmze?h aigﬂglgws
knuckle-print have much lesser area than palm sarfa ection < introguces the matenals and metho ¢

A new biometric technique called as the finger Kdee 3 discused the results and section 4 depict the
L chniq 9 ) discussions. Section 5 reports the conclusion.
print is proposed in this study. Feature extractaoml

pattern matching of FKP images are focused maimly i 2 MATERIALSAND METHODS

this proposed work. The features in FKP imageshmn

classified as local and global features based eratba 2 1. Overview of ST. DST. DOST. SDOST
of pixels involved in the feature extraction. Thuedl o ' ' '
information is a measure calculated within the loca 2.1.1. Stockwell Transform

area and encoding the complete qualities withirs thi
area. Global information is a measure extracteanfro
every pixel in the image. Hence the global inforiomat
reflects a few holistic quality of the scrutinizedage. - ] 021212 10

Hence finger knuckle-print biometric system is S(va):,[wh(t)Fe T dt 1)
classified into local based methods and global dase "

methods proposed by (Muralidharan and Chandrasekar, where, f is the frequency variable, t is the time

The continuous Stockwell Transform (ST) of a sigmal
(1)) is defined as Equation 1:

2012) based on both features. variable andr is the time translation. The width of the
The local-global feature fusion for finger knuckle- Gaussian window function is proportional to the
print system is used only in few papers. The |coad inverse of the frequency. The Stockwell spectrunf)) s(

global feature is important for an image observatithe ~ describes how frequency components in the signal
recognition of human lives is believed in the fiwl  differ over time. The Fourier spectrum of the sigisa
psychophysics and neurophysiology. A global featsre obtained if the Stockwell transform goes to infynénd
appropriate for granular representation. The cotaple IS 9iven by Equation 2:

individualities of FKP images are reproduced in the «

global feature. The additional complete information H(f)zj.ws(f’f)df @)
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The inverse Stockwell

Equation 3:

N

(27¢)

s(z.f)= J‘:H (¢+f )e-?éz”’i’ df (3)

Also the ST is represented in the Fourier domain as

Equation 4:
(2r)*

S(r, f): J‘:H (5_'_ f )e- 22 o &

4
where, H(f)is the Fourier spectrum of h(t):

2.1.2. Discrete Stockwell Transform

Let h[l] = h(l, T), I =0,1,...N-l be the samples tbie
continuous signal h(t), where T is the samplingrivil.
Its discrete Fourier transform is given by Equafion

H[m] =3 hije ™™ (5)

where, the discrete frequency index m =0,1,...,N-1.
The Discrete ST(DST) is given by Equation 6:

2 2 i2zmk
2n"m* H[m+nJe N
n2

k=Y e (6)

where, K is the index for time translation and nthe
index for frequency shift. Function exp tEn%/n?) is
Gaussian window in the frequency domain.

The inverse DST is given by Equation 7:

e L oo

For a signal of length N, the DST produced N
number of coefficients in the time-frequency domain

2.1.3. Discrete Orthonormal ST

()

An orthogonal time-frequency version of th8-

transform is mostly used due to several reasons. An

orthogonal transformation in DOST takes N-pointetim
series to an N-point time frequency representatitence
the maximum competence of representation is attaiftee
transformation matrix is consider as the time setiethe

DOST representation. The orthogonal means that th

inverse matrix is equal to the complex conjugaiadpose.

®HOST is refereed as the Symmetric DOST (SDOST).

transform is given by applying the inner products between a time seflieg land

the basis functions. The parameters are frequeaigible
revealing of the centre of a frequency band v a@miles to
the voice of the wavelet transforfhrepresenting the width
of the frequency band andh time variable Equation 8:

S{H i} =§ 7o | = ZhlkT]( 0 )

These basis functions\§[B, ] [KT] for the universal
instance are given as Equation 9:

4{@WMW%%}
qevﬂ,n][k-r] :ﬁ 2sin[7r(%\l %3)}

The sampling of the time-frequency space is not
established at this point. To ensure orthogonaliyious
rules are applied to the sampling of the time-feroy
space. Therefore the rules are:

8)

)

e Rulelr=0,1.. 41
* Rule 2.v andp is used once and only once and it is
selected for each Fourier frequency sample

Normally, the phase correction of the S-transfosm i
different from the wavelet transform or the Gabittef
bank. Therefore, the parameter$, t are integers well-
defined and these functions formed as the basis. It
contains one or more local time sampley for each
voice and thet is equal tof. Hence the wider the
frequency resolution (largg) and the more samples in
time (large t) are obtained. It is considered as a
significance of the uncertainty principle. The agbnal
basis functions have no vanishing moments compiared
the wavelet function. The basis functions are reit-s
similar and also it is not translations of a sinfgiection.

2.1.4. Symmetric DOST

Unlike the FFT, DOST coefficients of a real-valued
input signal are not conjugate symmetric. Therefoig
necessary to calculate the positive frequency iefts
and the negative part as well in real applicati@@ST is
slightly modified to achieve the conjugate symméity

still maintaining its orthogonality. Hence this nifget

For

real-valued signals, half of the computation can be

Due to orthogonal transformation, the vector nosn i ayoided if the symmetric DOST is used.

preserved in DOST. The norm of the time seriesledha
norm of DOST according to the Parseval theoremwaih
organized depiction of the S-transform is obtairsd
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imposing the conjugate symmetry requirement on
DOST coefficients and is given by Equation 10:
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:( ) (10) technique is presented by (Zhasgal, 2011). A Local
Sort =\ Fop Global Information Fusion (LGIF) scheme for finger
knuckle-print recognition was proposed in this stud
where,azp{k l) is the center of the temporal window. DOST is used to extract the instantaneous phase
N 7o difference as the local feature because it is dyrased
The orthonormal property for the basis vector @& th in palmprint verification system. The huge quantity
symmetric DOST is verified due its definition. Dteethe global features was attained by aggregating thée sifa
advantage of the FFT, DOST coefficients is caladat SDOST and hence the representation of an imagé loca
faster than by direct calculation (normally ten ésn  feature got weakened rapidly. SDOST is reduced¢éo t
faster). SDOST can be calculated in a similar wgty b Fourier transform of the complete image when i@esc
multiplying the signal by a phase ramp. Note thegt t is increased to infinity. Hence, no local features a
system matrix is slightly different for SDOST théor extracted but the good resolution for the globakdees
DOST. However, this transformation matrix is block- of FKP image can be obtained. Therefore, Fourier
diagonal in both cases. SDOST corresponds to a 1/2transform coefficients are obviously measured a&s th
sample shift along the frequency axis due to th& sh global features in this study. The arrangement betw
implemented using the Fourier shift theorem, thsre intra-class FKP ROIls was refined by using global
no loss of information to re sampling. Fourier information. The two matching distances are
. . calculated by comparing the local features and the
2.2. Preprocessing and ROI Extraction global features at the pattern matching stage.llyina
FKP images accumulated from dissimilar fingers andthe two matching distances are combined to get the
are very diverse. The spatial locations of the ding final matching distance based on the fusion reigure
knuckle-print are dissimilar for each FKP imagesi an la shows the FKP image sensor device &id. 1b
hence it is aligned by constructing a local coaatin ~ shows a sample finger knuckle-print imagegure 1c
system for every FKP images. ThHecal coordinate and d shows ROI extraction technique explained by
system determination and ROl sub-image extraction(Zhanget al, 2011).

(b)

©) (d)

Fig. 1. (a) Image sensor device (b) Sample FKP imagR@l)calculation and (d) ROI image
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2.3. Local-Global Feature Extraction and 2.3.2.2. Band-Limited Phase-Only Correlation
M atching (BLPOC)

2.3.1. Local Eeature The low and high frequency components are
included in POC-based pattern matching schemes. But

The texture features of finger knuckle-print are the high frequency components contain more noise.

extracted by using 2D-SDOST after the completion of The band-limited POC (BLPOC) is used to remove

pre-processing and ROI segmentation. SDOST is usehoisy high frequency components. The range of the

to extract the three basic textures like magnitpdese  spectrum in the finger knuckle-print image is rieséd

and orientation. The most tough and unique localin BLPOC. The ranges of the natural frequency baind

feature for Finger Knuckle print recognition is the FKp images are given by =-U, U,and v=-V, V,

local orientation informationThe localorientationis o

taken as the local feature. Therefore orientationWhere, 0<WYsMo,0=V<N,, Therefore the efficient size

coding based feature extraction method is apprepria Of SPectrum is given byil= 2Ug+1 and | = 2V + 1

for images containing abundant line-like structuies ~ BLPOC function is given by Equation 11:

has the advantage of high precision, toughness to o on

illumination variation and speed matching. When p:fOVO(m,n) -1 Zuf ZU? R;F(uv)ejzn[ %fﬁz) (11)

matching two FKP images, the angular distance based LL, S eveto =

on Euclidean Distance is used.

where,m=-U;, Uj,and n=-V, V,, BLPOC function also

2.3.2. Global Feature uses the properties of POC function. BLPOC functidh

SDOST is used to extract the local orientation have a different sharp peak when two images age Ailso
information and also it can be considered as athe translational displacement between two images i
windowed Fourier transform. The phase only estimated by the location of the peak. Experimpaist out
correlation and band-limited phase only correlationthat BLPOC function provides a much higher
are used to match the global feature of two FKP discrimination capability than the original POC dtian in

images described in this section. finger knuckle-print recognition. These examplelidate in
. the instance of genuine matching (a matching aebiev
2.3.2.1. Phase-Only Correlation (POC) between a pair of FKP images from the same hand),

The Fourier transform coefficients extracted from BLPOC will show a much sharper peak than POC for an
SDOST are taken as the global information. Phagg-on imposter matching (a matching achieved betweerupleo
correlation method is used to match the two Fourier® FKP images from dissimilar hand), neither BLPOG
transforms of FKPimage. In image registration tasks, POC will display a different severe peak. Therefore
POC based schemes are broadly used. POC has atso beBLPOC is used to align the displacement between FKP
used as a resemblance measure in various biometricRO! images. Finally the resemblance between Fourier
systems. The Band-Limited Phase-Only Correlation fansforms of the aligned ROls is measurBdjure 3
(BLPOC) is more efficient than the typical POC nth ~ Shows BLPOC function.

The translation parameters between two FKP images i 2.4. Local Global Information Fusion for FKP

the Fourier domain ‘“areffectively evaluated by POC Recognition

schemes. The translation property of the Fourier
transforms is the fundamental principle of POC. The

most_significant property of POC maich up to the in this section. The finger knuckle-print image sen

°Tdi”ary correlation is its precisiqn in image nhmg . device and ROI extraction method can reduce the
Figure 2 Shows an example of image matching USing geometric transformations between intra-class ROIs.
POC function. When two images are same, their POCgyt it s still unavoidable because there is some
function gives a different severe peak. The pedls fa gisplacement between intra-class ROIs in the finger
considerably in POC function if two images are not knuckle-print images. This will weaken the genuine
same. Thus, POC function shows much greatermatching scores. The minimum resulting matching
discrimination ability than the normal correlation distances was measured to be the final matching
function. For pattern matching, the height of tlealpis distance by converting one set of features in lomtal
used as a resemblance measure. and vertical directions several times.

The Local Global Information Fusion (LGIF) based
finger knuckle-print recognition algorithm is presed
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Fig. 2. POC function

Fig. 3. BLPOC function

This problem can be solved in a different way by the peak location of the global BLPOC of them. Then
evaluating the translation parameters between t9sR two FKP ROl images can be aligned based on the
using BLPOC function. Then the common regions cantranslation parameters and extracts the commoomsgi
be cropped based on which the feature matching idt should be noted that in the finger knuckle-pepstem,
performed. The translation parameters between twothe ratio between the common region area and deeair
finger knuckle-print ROI images can be estimateximfr  the original ROI can be checked. Then, by matchivay
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finger knuckle-print ROl images and the matching
distance is obtained. The peak value of BLPOC fanct

between finger knuckle-print ROl images is used to

measure the similarity of their Fourier transformken,
the matching distance is obtained. Until now, two

R, = The total number of FKP images

DET curve is obtained by adjusting the matching
threshold. DET is defined as a plot of False Relfate
(FRR) against False Accept Rate (FAR). DET curve is

matching distances have been obtained. The finafreated for all possible thresholds. DET curveggithe
matching distance is obtained by combining the two general verification correctness of a biometric eyst

distances. The two different matchers like locaitdiee
based matcher and global feature based matchesed u

Figure 4 shows DET curve generated by the finger
knuckle-print verification scheme. ROC curve is used

to get the two matching distances. The matchinganalyse the performance of FKP authentication syste
distances are fused based on the weights assigneBOC is a plot of Genuine Acceptance Rate (GAR)regai

according to an Equal Error Rate (EER) by using
Maximum Weighted rule (MW). The weights are
inversely proportional to the resultant EERs olsdion

a training dataset by different matchers. Then ftised
final matching distance is calculated.

3. EXPERIMENTAL RESULTS

The authors strong-willed to use the PolyUFKP

database consists of 7920 images collected from 660

different fingers. The samples are collected ireasate
sessions. In each session; six images are collémtéle
left index and middle finger, the right index andtidie
finger. From each person, 48 images are collected #
fingers. The size of the acquired FKP images isx368
under resolution above 400 dpi. Based on
experiments, high resolution images are not necgssa
for feature extraction and pattern matching. Theesf
Gaussian smoothing operation is applied to theiralg

False Acceptance Rate (FRR) showrfig. 5 The False
Acceptance Rate (FAR) and False Rejection Rate JFRR
of a biometric system can be obtained by adjustargpus
thresholds. Therefore both FAR and FRR are inversel
related. Thus, at a particular threshold, these durves
intersect. This intersect point is termed as arakgtror
rate. The EER is defined at the false accept satgiial to
the false reject rate.

EER is used to evaluate the verification accuratenes
The Fourier transform of the compléteage is kept as the
feature in BLPOC. Hence the extraction of Fourier
transform of the FKP image is called as a globakba
method. Therefore, the investigational results stiat/the
combining local and global features together parfor

the better than the methods in the previous works diipgron

the local and global features. The DecidabilityeadDI) is
the measure of the separability of genuine and &tepo
matching scores. DI is given by Equation 13:

image. The smoothed image is down sampled to about

150 dpi. Hence the size of ROI images is @220
pixels. Performance of the propsed system is catiedl
using the selected FKP ROI images extracted froen th
hand images of the individual databases. 5 images p
finger knuckle-print are taken for training andrlaiges
are used for testing. Verification is a processvirich a
person can be uniquely identified by evaluating one
more distinguishing genetic traits. Performancettod
propsed system has been analyzed with the helpuof f
metrics like EER, Detection Error Trade-off (DET),
Correct Recognition Rate (CRR) and Receiver Opagati
Characteristics (ROC) curves. The CRR of FKP
recognition system is given by Equation 12:

RL

CRR =— x100 (12)
R2

Where:
R; = Denotes the number of correct FKP images
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The distance distributions of genuine matching’s
and imposter matching’ acquired by proposed scheme
are plotted as shown inFig. 6. Performance
comparison of different finger knuckle-print
verification schemes is shown rable 1.

(13)

Table 1. Performance comparison of different finger knuckle-
print verification schemes

Methodology EER (%) DI

SIFT and SURF Matching

Scores (Badrinatht al, 2011) 0.2150 -

LGIC (Zhanget al, 2011) 0.4020 4.5356

Propsed Method - LGIF 0.0045 5.1600
AJAS
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Fig. 6. Distance distributions of genuine matching’s amgaster matching’s

4. DISCUSSION the global feature in this proposed scheme. The

arrangement of finger knuckle-print images in patte
Finger knuckle print recognition system is an matching is done by using the global features. The
emerging biometrics system in modern e-world. As investigational results performed on FKP database

explained in the section of Introduction, Zhagtgal show that the proposed method provides improved
(2011) did some salient work to combine the local a  performance in terms of ERR and 100% CRR. In the
global features in their system using Gabor filter future, the affine transformations between FKP

achieve EER of 0.402 and the proposed system could images from the same finger are reduced to further
achieve an EER of 0.0045 by using SDOST. There improve the proposed system.

are some variations occur in the same fingers
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