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a b s t r a c t

To ensure the high performance of a biometric system, various unimodal systems are combined to evade
their constraints to form a multimodal biometric system. Here, a multimodal personal authentication
system using palmprint, dorsal hand vein pattern and a novel biometric modality “palm-phalanges print”
is presented. Firstly, we have collected a new anterior hand database of 50 individuals with 500 images at
the institute referred to as NSIT Palmprint Database 1.0 by using NSIT palmprint device. Then from these
anterior hand images, database for palmprint and palm-phalanges is created. In this biometric system,
the individuals do not have to undergo the distress of using two different sensors since the palmprint
and palm-phalanges print features can be captured from the same image, using NSIT palmprint device,
at the same time. For dorsal hand vein, Bosphorus Hand Vein Database is used because of the stability
core level fusion and uniqueness of hand vein patterns. We propose fusion of three different biometric modalities which
includes palmprint (PP), palm-phalanges print (PPP) and dorsal hand vein (DHV) and perform score
level fusion of PP-PPP, PP-DHV, PPP-DHV and PP-PPP-DHV strategies. Lastly, we use K-nearest neighbor,
support vector machine and random forest to validate the matching stage. The results proved the validity
of our proposed modality and show that multimodal fusion has an edge over unimodal fusion.
. Introduction

Biometrics is a pattern recognition technique recognizing
umans based on their physiological or behavioral traits which has
een gaining research interest from last few decades [1,2]. A typical
iometric authentication system involves data acquisition, feature
xtraction followed by matching and decision making. The main
teps carried out in biometric systems are shown in Fig. 1.

Unimodal biometric system is based on a single trait and it
uffers from various limitations such as spoof attacks and several
thers as stated in literature [3]. While a multimodal biometric sys-
em is created by fusing various unimodal systems to ensure high
erformance of such biometric system as the evidences from differ-
nt sources are combined together to avoid limitations of unimodal
ystem as shown in Fig. 1. These sources can be from different sen-
ors based on a single biometric or different entities based on a
ingle biometric, like palm feature vector obtained from left and
ight hands or multiple biometric traits. The information retrieved

rom individual systems is combined using various schemes such
s capturing same information using multiple sensors. For exam-
le, the audio samples of an individual are captured using a Hi-tech
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microphone and an Iphone. Also various traits of an individual are
combined to yield a multimodal biometric system. The cost of these
systems is high since each modality requires separate sensor and
data acquisition phase. For example, face and fingerprint of an indi-
vidual used for designing a multimodal system. Also, information
from similar trait can be combined, for example, palm feature vec-
tors obtained from left and right hands of same individual. These
systems are cost-effective, since they need neither new sensors
nor new algorithms for feature extraction. The single trait can be
processed using multiple algorithms.

Multimodal biometric system shown in Fig. 2 improves the
performance of the system by reducing system error rates and
produces better recognition rate using some fusion techniques.
It increases the robustness of the system in dealing with users
who cannot be enrolled with a specific modality and also increases
the resistance to spoof attack [4]. By having more than one bio-
metric modality, the reliability of the system improves by making
up the loss of one modality with another. Fusion techniques are
used to aggregate the feature data extracted from the modalities
to produce the improved recognition rates. In multimodal bio-
metric system, complementary information that overcomes the

drawbacks of unimodal biometric system is fused. Owing to mul-
tiple and independent data obtained from various modalities the
multimodal biometric system is more reliable and has higher veri-
fication rate and improved accuracy. As a number of modalities are

dx.doi.org/10.1016/j.asoc.2016.05.039
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2016.05.039&domain=pdf
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Fig. 1. A typical biometric authentication system involves data acquisition, feature extraction followed by matching and decision making.
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Fig. 2. A genera

t our disposal, the choice of suitable biometric trait to authenticate
 person becomes an easy task, thus addressing the issue of non-
niversality. If the biometric sample acquired is not of sufficiently
ood quality, then the samples from other sources can be banked
pon to provide ample discriminatory information to ensure reli-
ble decision-making. Noise in the sensed data from multiple traits
as a lesser probability of affecting the performance of a biomet-
ic system. Multimodal biometric systems facilitate the choice of
he modalities in a given situation. They add more flexibility to the
nrollment procedure during user authentication.

The main issues and challenges in the design of multimodal
iometric are: non-availability of multimodal biometric database;
hoice of modalities and choice of fusion technology. Apart from
hese issues, the performance evaluation of biometric systems is
ssential in high security applications like defense, government
ector, airports, and forensics and also in commercial applications
ike access control, mobile computing. Biometrics based authenti-
ation involves personal data; it may  be possible that data collected
ay  be used for some unanticipated purpose. Privacy concerns are

elated to data collection, unauthorized use of recorded informa-
ion and improper access to biometric records.

Based on the issues of unimodal biometrics, several multimodal
iometric methods are developed and tried with many fusion
echanisms such as face and fingerprint using match score fusion

5]; face and speech [6]; face, voice and lip movement [7]; face,
ngerprint and hand geometry at the matching score level [8];
alm-print, hand shape and knuckle print using feature level fusion
9]; integrating iris, face and palmprint [10]; finger vein, fingerprint
nd the finger-knuckle-print using Kernel Fisher analysis [11]; and
usion of input gestures from multiple modalities was presented
12]. In [13], a biohashing based fusion of palmprint and palm vein
s suggested which shows the conversion of features in biocodes for
ecurity purposes. Another fusion approach of palmprint and palm
ein is presented in [14] which presents opponent-processing and
ual-tree complex wavelet transform (DTCWT) are more effective
han discrete wavelet transform (DWT) and shift invariant discrete
avelet transform (SIDWT). In [15], biometric approach of car anti-
heft system is suggested using fusion of palmprint and palm vein.
he conventional sum rule, product rule, max  rule, min  rule, median
ule and majority voting are presented by fusing evidences from
ultiple classifiers [16]. In 2011, a multimodal biometric system is
imodal system.

presented by combining palm-print and finger knuckle-print at the
matching-score level [17]. The score level fusion of knuckle, palm-
print, and hand geometry is implemented using t-norms [18]. In
2015, hybrid fusion of score level and adaptive fuzzy decision level
[19] is also presented which proves that single modality from all
four finger knuckle-print can be combined in multimodal fashion.

In this paper, an attempt has been made to improve the perfor-
mance of a biometric system by using palmprint, dorsal hand vein
pattern and a novel biometric modality “palm-phalanges print”. A
fusion of three different biometric modalities which includes palm-
print (PP), palm-phalanges print (PPP) and dorsal hand vein pattern
(DHV) has been proposed. We  also present score level fusion of
PP-PPP, PP-DHV, PPP-DHV and PP-PPP-DHV strategies.

This paper is organized as follows. Section 1 gives an intro-
duction of unimodal and multimodal biometric systems. Section 2
explains the process of database collection. Section 3 gives the idea
of “palm-phalanges print” and its feature extraction. Section 4 and
Section 5 present the method of palmprint and dorsal hand vein
feature extraction respectively. Sections 6 and 7 demonstrate the
method of fusion. Section 8 presents the stage wise steps followed
in proposed work with graphical representation. Simulation results
are shown in Section 9. The paper is concluded in Section 10.

2. Database acquisition

First, we  have collected a new anterior hand database of 50 indi-
viduals with 500 images (50*10 samples) in biometric laboratory
of the institute referred to as NSIT Palmprint Database 1.0 by using a
NSIT palmprint device shown in Fig. 3. Then, this database is used
to extract region of interest (ROI) from anterior hand images. The
image procurement setup designed here is inherently simple, fast
and user-oriented so as to make the data acquisition process sim-
ple. Same database is used to extract ROI of palm-phalanges print
as shown in Fig. 4. Here, the individuals do not have to undergo
the distress of using two different sensors since the palmprint
and palm-phalanges print features can be captured from the same

image, using NSIT palmprint device, at the same time. In acquired
database, fingers are not touching each other but all sample pos-
itions are kept varying so as to make the system position invariant
and hence optimizing the practicality of the system.
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Fig. 3. NSIT palmprint device.
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To make the hand samples rotation invariant, some pre-processing
is required. For this, the coordinates of five fingertips and finger val-
leys considered as the key points and the centroid from each hand
image is extracted. With the help of centroid and fingertips, the
Fig. 4. Anterior hand containing palm-phalanges print and palmprint.

.1. NSIT palmprint device

NSIT palmprint device consists of a charge-coupled device (CCD)
rray, two mirrors, a glass plate, a wooden box, a lamp, a stepper
otor, a belt, a power supply and a control circuitry. A wooden box
ith a glass plate at its top is used to cover all the required circuitry

f the device shown in Fig. 3. Data acquisition starts when you place
our palm on a glass plate, and a CCD camera takes a picture. The
alm is placed on the glass plate which provides a uniform back-
round. A lamp is used to reflect light at the palmprint. CCD is used
o convert photons (light) into electrons (electrical charge) to form
n image of the subject such as palmprint. An analog-to-digital con-
erter is used to process the analog electrical signal to generate a
igital representation of this image. The image of the palm reaches
he CCD array through a series of mirrors, filters and lenses. The
ntire mechanism (two mirrors and CCD array) make up the image
apture panel (ICP). The ICP is moved slowly across the document
y a belt that is attached to a stepper motor. The image of the palm-
rint is reflected by an angled first mirror to second mirror then on
he CCD array. The resolution of these images is less than 200 dpi
ith 600*400 pixels and all these images are available in bitmap

ormat.

.2. Nomenclature
After assimilating the anterior hand samples, each sample is
agged with a unique identification code.

〈Person ID〉〈Sample number〉
puting 47 (2016) 12–20

〈Person ID〉: This represents sample of the individual which is
unique to every person.

〈Sample number〉: This represents sample number varied from
01 to 10.

3. Palm-phalanges print

Human hand with its two  dorsal and anterior sides consist of
phalanges joint, due to its unique pattern can be claimed to be used
in personal identification. In its physical anatomy, four fingers, i.e.
little, ring, middle and index, slightly differ from thumb. In palmer
side of fingers, the skin folding is known as phalanges. Palmprint
is the middle region of the ventral part of the hand. The skin in
this area contains ridges like structure (dermal papillae) to increase
friction which are also present on the fingers, i.e. fingerprints. The
pattern in the skin folding of phalanges joint contains broad area
with parallel lines showing the unique information about the indi-
vidual. This joint can be used as biometric modality and termed as
palm-phalanges print.

3.1. Aging effects and stability

When it comes to security and authentication systems, the bio-
metric aging effect and stability comes under consideration when
user uses the system after a time span of some years. Although most
of the biometric traits are physiological or behavioral, they remain
stable for small time period say 5–8 years. But if this time span is
longer, i.e. more than a decade then we  need to perform various
tests and experiments in order to validate our biometric system. A
survey of aging effects on biometric systems is presented in [20].
To study the age effect on palm-phalanges, a database of long term
elapse is required. But we do not have this type of database. There-
fore to study this effect, we  assume that skin of phalanges and palm
surface is similar and hence presents the stability of phalanges in
term of palmprint. The anterior surface of palm and fingers is much
thicker than dorsal surface. One of the upshots of the thinner dorsal
hand skin in elderly adults is that it is more fragile, drier, and heals
more slowly after injury. One of the more obvious signs of dorsal
skin aging of the hand is wrinkling and loss of elasticity. But, aging
changes in the thick skin of the anterior surface of the palms and
fingers are less apparent than those in the thin skin of the dorsal
hand [21]. Most of the anterior surface remains same and heal up
earlier than that of dorsal skin. There is less wrinkling and loss of
elasticity in palmer side and hence the recognition system based on
this modality is less susceptible to aging effect and is highly stable.
It was also concluded in [22] that stable recognition system can be
sustained over aging effect if multiple fusion is to take place.

3.2. Palm-phalanges print feature extraction

Novel palm-phalanges print is presented here which, in turn,
can be used as biometric modality as shown in Fig. 5. For feature
extraction, postures of all fingers must be same so as to capture
the same set of information from joints. Also in database, varia-
tions in sample position are made at the time of data acquisition.
Fig. 5. ROI of unrotated palm-phalanges print.
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Fig. 7. ROI of a palmprint image with their non-overlapping window partitions.
Fig. 6. ROI of rotated palm-phalanges print.

mage is rotated such that the line joining the tips of the index fin-
er and ring finger becomes horizontal. Then coordinates of finger
alleys are used to crop the region of interest (ROI) of each finger of
ize 200*100 as shown in Fig. 6. For enhancement of pattern, adap-
ive histogram equalization [23] based on Rayleigh distribution is
mployed on all the ROI.

After pre-processing, the enhanced ROIs are partitioned into non
verlapping windows of size 20*10 each. Thus a total of 100 win-
ows are created from each ROI. Then the Gaussian membership
unction based feature of palm-phalanges (GMF) of length 100 is
xtracted from each window for feature extraction.

Then the Gaussian membership function is used to extract the
eatures from each window because of its robustness and property
f providing system with less degree of freedom [24]. The feature
ector so obtained has a length of 100. The formula for GMF  [25,26]
ased feature extraction to extract GMF  feature ai from ith window
re expressed in Eqs. (1 and 2),

i = exp −(xk − x̄)2

2�2
(1)

i = 1
K

�K
i=0xiui (2)

here xk is the pixel value at kth point of the window, x̄  is mean
ixel value and � is the standard deviation of the window, ui is the
embership function and ai is the feature obtained from the ith
indow.

Along with GMF, the features based on statistical mean and
verage absolute deviation (AAD) which have been reported in lit-
rature for feature extraction are also extracted. Average absolute
eviation algorithm is defined as:

ai = 1
K

(
�K

i=0m(x, y) − m
)

(3)

here K is the number of pixels in the image, m is the mean of the
mage and m(x, y) is the value at point (x, y). At last, all four finger
halanges are fused to form a vector of size 1 × 400.

. Palmprint feature extraction

For feature extraction of palmprint [27–29], similar procedure
f extracting finger valleys are used to crop the region of inter-
st (ROI) from an image of size 400*350. For enhancement of the
alm pattern, adaptive histogram equalization based on Rayleigh
istribution is employed on all the ROI.

After pre-processing, the enhanced ROI images of size 400*350
re partitioned into non overlapping windows of size 40*35 each
s shown in Fig. 7. Thus a total of 100 windows are created from
ach image. Then GMF, mean and AAD features of length 100 are
btained using Eqs. (1, 2 and 3).

. Dorsal hand vein feature extraction

Dorsal hand vein is a physiological biometric trait used for
uman identification [30–32]. Here Bosphorus Hand Vein Database

33] is used for dorsal hand vein feature extraction. Same proce-
ure of extraction of ROI of palmprints as explained in Section 4

s followed here. After extraction of ROI of size 180*180, same
nhancement and preprocessings are applied to non overlapping
Fig. 8. ROI of a dorsal hand vein image with their non-overlapping window parti-
tions.

windows of size 18*18 each as shown in Fig 8. Then GMF, mean
and AAD features of length 100 are obtained from each window.

6. Fusion of biometric modalities

A unimodal biometric system that uses only a single biomet-
ric modality in making personal authentication is often not able to
meet the desired performance. Authentication based on multiple
biometric modalities referred to as multimodal biometric authen-
tication offers greater reliability and improved performance. It has
been proved in the literature that the information from multiple
biometric traits can achieve the stringent security requirements
of the real-world applications. The various biometric modalities
have their own advantages and disadvantages in terms of accuracy
and user acceptance. The biometric application suggests the choice
of a specific biometric identifier. A multimodal biometric system
which uses multiple traits enables a biometric system to operate
effectively in different applications and environments.

6.1. Fusion levels

Fusion of biometric modalities can be done at various levels.
There are mainly four types of fusions in a multimodal biometric
system:

1. Score level
2. Feature level
3. Sensor level
4. Decision level

7. Score level fusion

The score level fusion also called as confidence level fusion
refers to combining the matching scores obtained from differ-

ent classifiers. The block diagram depicting score level fusion is
shown in Fig. 9. Each biometric modality provides a similarity score
indicating the proximity of the test feature vector with the tem-
plate feature vector. The fusion at score level is most appropriate
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pproach to multimodal biometrics and is most popular. The advan-
ages of score level fusion are as follows: The matching scores
genuine and imposter) from the existing and proprietary unimodal
ystems can be easily utilized in a multimodal biometric system.
he information (i.e. the match score) from prior unimodal evalua-
ions of a biometric system can be used and this avoids live testing.
he matching scores contain next level of rich information after
he features of the input pattern. The scores generated by different

atchers are easy to access and combine.

.1. Normalization methods

Different modality scores must be transformed to common
omain so that their combinations proved to be meaningful, this
rocess of scaling is called normalization [34]. The score normaliza-
ion technique used in this work is Min  Max  Normalization which is
he simplest normalization and is best suited for the case where the
ounds (maximum and minimum values) of the scores produced
y a matcher are known. The minimum and maximum scores are
hifted to 0 and 1, respectively. Let sk denotes a set of matching
cores where, k = 1, 2 . . . n and sk′ denote normalized score. Then,
he normalized score is given as:

k′ = sk − min
max  − min

(4)

. Stage wise steps followed in proposed work

Steps followed in proposed work are discussed in the form of
lgorithm as below. A general block diagram of the proposed work
s shown in Fig. 10. The graphical representation of this work mainly
ncludes three stages. First stage explains the procedure of data col-
ection which consists of NSIT Palmprint Database 1.0 and Bosphorus
and Vein Database. Stage 2 explains the pre-processing of both

he databases to make hand rotation invariant. In stage 3, feature
xtraction, classification and fusion are explained.

tage 1 Collection of database
1 Designing of NSIT palmprint device.
2 Anterior hand database containing palm-phalanges print

(PPP) and palmprint (PP) is collected through NSIT palm-
print device.

3 Dorsal hand vein (DHV) database is procured from standard
source for fusion.

tage 2 Pre-processing
1 Hand samples of both the databases have position differ-

ence. To make hand samples rotation invariant, coordinates
of fingertips and finger valleys and centroid are calculated.
2 Hand samples are straightened using fingertips and cen-
troid.

3 Next ROIs are extracted using finger valleys of straightened
hand samples.
el fusion.

Stage 3 Feature extraction, classification and fusion
1 Apply adaptive histogram equalization (AHE) on each ROI,

based on Rayleigh distribution.
2 Feature extraction methods are applied using GMF  based

features, AAD features and mean features.
3 Classification is performed using KNN, SVM and Ran-

dom forest. Calculate scores and obtain ROC for individual
modality.

4 Apply score level fusion using different rules with PP-PPP,
PP-DHV, PPP-DHV and PP-PPP-DHV strategies. Perfor-
mance analysis is done on the basis of GAR Vs FAR in
receiver operating characteristics (ROC).

9. Simulation and results

Several popular and well known classification algorithms to
evaluate the performance of biometric system are investigated
here. K-nearest neighbor (K-NN) classifier with Euclidean distance
is trained with features obtained from each biometric modality
with k-fold cross-validation. The SVM [35] using polynomial ker-
nel gave much better results than those from radial basis function.
Therefore, only the results from polynomial kernel are reported.
For degree-d polynomials, quadratic polynomial d = 2 is reported
as it is giving better results than d = 1, and d = 3. Random forest (RF)
[36], a pattern recognition method based on “ensemble learning”
strategy, is also reported here with learning rate as 0.1.

9.1. Validation of palm-phalanges print as a biometric modality

To validate the use of palm-phalanges as a biometric modality,
we combined the features obtained by four fingers and recogni-
tion results are evaluated using K-NN, SVM and RF. The features
obtained are mean features, AAD and GMF  as discussed in Sec-
tion 3.2 and their recognition results are shown in Table 1. This
table also shows the performance of corresponding classifier with
respective feature.

The best performance of recognition for different modalities is
achieved with K-NN classifier which is inherently simple and does
not require training phase. While performance of SVM is also good
when the second order polynomial kernel is used. However, the
performance of random forest has been not so good. On the basis
of feature extraction method, GMF  method outperforms AAD and
mean in most of the classifiers. Recognition results of palmprint
(PP) and palm-phalanges print (PPP) for NSIT Palmprint Database
1.0 and Dorsal Hand Vein (DHV) for Bosphorus Hand Vein Database
are also tabulated in Table 1.

First, it is shown that K-NN is worth considering and achieved
good overall performance than SVM and RF. Second, as compared
to SVM, both K-NN and RF are very simple and well understood.
SVM however is, more appealing theoretically and in practice, its
strength is its power to address non-linear classification task. How-

ever, most of the tasks examined here were not like that. We  also
observed that results highly depend on the adopted methodology.

Fig. 11 shows the receiver operating characteristics (ROC) from
the respective features and their area under curve (AUC). The score
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Fig. 10. A general block diagram of the proposed work.

Table 1
Comparative performance evaluation in percentage for palm-phalanges print, palmprint and dorsal hand vein pattern using different classifiers.

Modality KNN SVM Random forest Feature

97.1 96.3 95.2 Mean
Palm-phalanges print (PPP) 97.6 97.8 94.4 AAD

98.2 98  96.4 GMF

90.6  89.1 82.3 Mean
Palmprint (PP) 89.8 86.6 82.3 AAD

94  91.1 82.8 GMF

90.1  81 81 Mean
Dorsal hand vein pattern (DHV) 80.3 84.1 81.1 AAD

92  90.8 85.6 GMF
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ig. 11. Receiver operating characteristic of mean features, average absolute devi-
tion (AAD) and Gaussian membership features (GMF) of palm-phalanges print.

btained are used to verify the performance of the recognition sys-
em using ROC curve between the Genuine acceptance rate (GAR)
nd false acceptance rate (FAR). It is seen in ROC that GMF  features

utperform other feature extraction methods. For GMF  features, at
.1 FAR, GAR is 94.25% and with FAR = 1, GAR is 96.2%. This also
alidates good performance of palm-phalanges print. For AAD and
ean, GAR is low as compared to GMF.
Fig. 12. Comparison of receiver operating characteristic of palmprint, palm-
phalanges and dorsal hand vein.

For ensuring the clarity of plots and comparing other modalities,
ROC of GMF  based features of palmprint, palm-phalanges and dor-
sal hand vein are shown in Fig 12. It is seen that, at 0.1 FAR, GAR is
85% for PP, while for PPP, it is 94.25%, for DHV, it is 64.8%. Similarly

at FAR = 1, GAR is 91.85% for PP, while for PPP, it is 96.2%, for DHV,
it is 80.5%. This shows better performance of palm-phalanges trait
over dorsal hand vein and palmprint.
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Fig. 13. ROC of score level fusion with Sum rule.
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Fig. 14. ROC of score level fusion with Product rule.
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Fig. 16. ROC of score level fusion of PP-PPP, PP-DHV, PPP-DHV and PP-PPP-DHV
strategies with frank T-norm.
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Fig. 17. ROC of score level fusion with yager OWA.
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Fig. 18. ROC of score level fusion with Schweizer–Sklar.
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Fig. 19. ROC of score level fusion with Dubois–Prade.
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.2. Results of score level fusion

To compare the multimodal fusion, three modalities are com-
ined in four PP-PPP, PP-DHV, PPP-DHV and PP-PPP-DHV ways
sing score level fusion. As the phalanges and palmprint database
re created using the same samples, this shows advantage of using
ame database in multimodal fusion. Phalanges was also fused
ith vein database which shows the compatibility of our database
ith others. Various conventional, ordered weighted averaging

OWA) operators and t-norm based fusion are performed here.
irstly, conventional sum and product rule of fusion operators are
pplied [16]. Secondly, Yager’s OWA  based fusion is applied with
ppropriate weights [37]. Finally, Hamacher T-norm, Frank T-norm,
chweizer–Sklar and Dubois–Prade [38,18] are performed. Identi-
cation results of score level fusion of PP-PPP, PP-DHV, PPP-DHV
nd PP-PPP-DHV strategies are tabulated in Table 2.

ROC curves for Score level fusion of PP-PPP, PP-DHV, PPP-DHV
nd PP-PPP-DHV strategies for all the mentioned rules are shown in
ig. 13, Fig. 14, Fig. 15, Fig. 16, Fig. 17, Fig. 18 and Fig. 19, respectively.

On comparing the fusion rules, ROC of Figs. 13 and 14 shows
orst performance. However the performance of other rules is
ighly comparable. Most of them reach to GAR = 99.6 at FAR = 1.
herefore to differentiate the performance of the fusion methods,
rea under the curve of ROC is calculated. It is seen in Fig. 20 that

amacher T-norm converge to 99.76% at FAR = 1, but its AUC is.982.
ager’s OWA  and Dubois–Prade shows similar performances. It is
lear that frank T-norm fusion rule has AUC = 0.999 which is high-
st and converges to 100% more rapidly hence this outperforms the
FAR

Fig. 20. ROC of score level fusion of PPP-PP-DHV with several fusion schemes.

other. Also the score level fusion of PP-PPP-DHV performs better

than other three. This shows that multimodal fusion is better than
unimodal fusion. Fig. 21 shows the score distribution of Yager’s
OWA, frank T-norm and Dubois–Prade. To show the high accuracy
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Table  2
Score level fusion of PP-PPP, PP-DHV, PPP-DHV and PP-PPP-DHV strategies.

Rules PP-DHV PP-PPP DHV-PPP PP-PPP-DHV

False acceptance rate (FAR %) 0.1 1 0.1 1 0.1 1 0.1 1
Sum  rule 95.32 98.4 97.84 98.4 94.35 97.33 98.01 98.4
Product rule 94.1 95.6 94.2 96.92 87.18 91.54 94.25 96.8
Yager  OWA  96.47 97.6 98.4 99.2 98.3 99.2 99.28 99.6
Hamacher T-norm 95.63 97.79 97.91 98.8 98.75 99.2 98.87 99.76
Schweizer–Sklar 96.15 97.6 98.8 

Frank  T-norm 96.26 98.4 98.5 

Dubois–Prade 96.4 97.89 98.8 

Scores

-0.1 0 0. 1 0. 2 0. 3 0. 4 0. 5 0. 6 0.7

N
or

m
al

iz
ed

 fr
eq

ue
nc

y

0

20

40

60

80

100

120

140
Yager
Dubois-Prade
Frank

F
P
d

o
t
b
h

1

i
p
“
t
f
f
v
i
b
o
p
a
t
b
i
P
a
t
i
f
W
t
D
f

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

ig. 21. Score distribution of Yager’s OWA, frank T-norm and Dubois–Prade over
PP-PP-DHV where solid line is genuine distribution and dashed line is imposter
istribution.

f fusion, overlapping between the genuine and imposter distribu-
ion must be very less. In frank t-norm, there is least overlapping
etween genuine and imposter score distribution thus ensuring
igher performance.

0. Conclusion

In this paper, a new anterior hand database is created which
s referred as NSIT Palmprint Database 1.0 by using a NSIT
almprint device. Along with this, a novel biometric modality
palm-phalanges print” has been proposed. Result shows that
his modality can be used in recognition systems effectively. To
urther improve the performance of unimodal biometric system,
usion of palm-phalanges print with palmprint and dorsal hand
ein is presented. In multimodal biometric system, complementary
nformation is fused to overcome the drawbacks of the unimodal
iometric systems. The results shown prove that the performance
f multimodal biometric system is significantly improved as com-
ared to the unimodal biometric systems. The fusion of palmprint
nd palm-phalanges print proved to be very efficient and effective
o the users as well as to the recognition system because data for
oth the modalities is captured using same image before analysis

s done. The score level fusion is attempted with PP-PPP, PP-DHV,
PP-DHV and PP-PPP-DHV strategies. Various conventional oper-
tors, Yager’s ordered weighted averaging (OWA) operator and
-norm fusion operators are used for score level fusion. On compar-
ng the fusion rules, the convergence rate of ROC of frank T-norm
usion is better than other fusion rules thus outperforming others.

hile Hamacher T-norm, Yager’s OWA  and Dubois–Prade shows
he similar performance. Also the score level fusion of PP-PPP-
HV performs better than other three. This shows that multimodal

usion is better than unimodal fusion.
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