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Abstract. The automatic person identification is a significant compo-
nent in any security biometric system because of the challenges and the
significant number of the applications that require a high safety. A bio-
metric system based solely on one template (representation) is often
not able to meet such desired performance requirements. Identification
based on multiple representations represents a promising tendency. In
this context, we propose here a multi-representation biometric system
for person recognition using palm images and by integrating two differ-
ent representations of the palmprint. Two ensembles of matchers that
use two different feature representation schemes of the images are con-
sidered. The two different feature extraction methods are the block based
2D Discrete Cosine Transform (2D-DCT) and the phase information in
2D Discrete Fourier Transform (2D-DFT) that are complementing each
other in terms of identification accuracy. Finally the two ensembles are
combined and the fusion is applied at the matching-score level. Using the
PolyU palmprint database, The results showed the effectiveness of the
proposed multi-representation biometric system in terms of the recogni-
tion rate.
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1 Introduction

The pronounced need for reliably determining or verifying the identity of person
is becoming critical in our vastly interconnected information society [I]. Tra-
ditional methods of establishing a person’s identity, such as knowledge-based
(passwords) and token-based (ID cards) mechanisms, are time-consuming, inef-
ficient and expensive. In fact, a reliable identity management system is a critical
component in several protected applications that render services to only legiti-
mately enrolled users. However, theses surrogate representations of the identity
can easily be lost, shared, manipulated or stolen thereby undermining the in-
tended security. Biometrics offer a natural and reliable solution to the problem
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of identity determination. Biometric authentication deals with recognition the
identity of individuals by using their unique physical or behavioral characteristics
that are inherent to the person.

However, every biometric technology has its merits and its limitations and no
technology is the best for every application domain [2], [3], [4], [5]. Palmprint
as a new biometric feature, compared to the hand-based biometric technologies
such as fingerprint and hand geometry, has several advantages [6], [7], [§]. A
simple biometric system has a sensor module, for acquiring the palmprint, a fea-
ture extraction module, for palmprint representation, and a matching module
for decision making. Most of palmprint recognition systems are based on a sin-
gle palmprint representation, and this fact can be considered as a bottleneck for
performances. In fact, the performances of any biometric identification system
are largely affected by the reliability of the method used for the feature extrac-
tion. Further, if the method used for the feature extraction is not efficient the
resultant matching score computed by the matching module may not be reliable.
An ideal palmprint recognition system should be based on the fusion of several
palmprint representations. Such systems, known as multi-representations bio-
metric systems, are expected to be more reliable due to the presence of multiple
representations of evidence [6], [7], [8].

In this paper, we address the problem of information fusion by firstly building
a multi-representations biometric system and then devising a scheme to integrate
these representations. For that, we propose to use two different feature extraction
methods. The extracted features are used as inputs of the matcher modules. The
outputs of the matcher modules are combined using the concept of data fusion at
score level. We propose to extract the palmprint feature using the 2D-DFT and
the 2D-DCT. Thus, for each palm image, the two feature vectors are extracted
and used for training two different matchers. The integration scheme is required
to fuse the information presented by the individual representations.

The remainder of the paper is organized as follows. The proposed palmprint
identification scheme is presented in section 2. The method used for extracting
the Region Of Interest (ROI) is presented in section 3. The two feature extraction
methods, 2D-DFT method and block based 2D-DCT method, are discussed in
section 4. Sections 5 is devoted to describe the two matching modules, Sum of Ab-
solute Differences (SAD) and Phase Correlation Function (PCF), and the score
level fusion process for fusing the information presented by extracted features.
The obtained results are evaluated and commented in section 6. We conclude
the present work in section 7.

2 Proposed Palmprint Identification Scheme

Fig. [ shows the block-diagram of the proposed palmprint identification sys-
tem. The system is composed of three steps: image pre-processing, feature ex-
traction and fusion. In the pre-processing module, the grey-scale image of the
palm surface of the hand is segmented for extracting the Region Of Interest
(ROI). In this system of multi-representations, the feature vectors are extracted
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independently from the unique ROI using the block based 2D-DCT and the
phase information in 2D-DFT. Such extracted features are then compared to the
enrolment templates, which are stored separately for each biometric trait. Based
on the proximity of feature vector and template, by using SAD and PCF, each
subsystem now computes its own matching score. After the score normalization
of the matcher’s outputs, these scores are finally fused into a total score, which
is handed over to the decision module.
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Fig. 1. Block-diagram of the multirepresentation palmprint identification system based
on the fusion at the matching-score level

3 Region Of Interest (ROI) Extraction

After the image is captured, it is pre-processed to obtain only the area informa-
tion of the hand. In the pre-processing phase, the tangent of the two holes, which
are between the forefinger and the middle finger and between the ring finger and
the little finger, are computed and used to arrange in a line the palmprint. With
referencing to the locations of the gaps between fingers, the palm is duly rotated
and the maximum palm area is then located. The central part of the image is
then cropped to represent the whole palmprint. The ROI is then defined in a
square shape and it is converted to a fixed size (128 x 128 pixels) so that all
of the palmprints conform to a same size. The ROI extraction method applied
in our system is based on the algorithm described in [5]. The basic steps to ex-
tract the ROI are summarized as follows: First, apply a low pass filter, such as
Gaussian smoothing, to the original palmprint image. A threshold, 7}, is used
to convert the filtered image to a binary image, then, the boundary tracking
algorithm used to obtain the boundaries of the binary image. This boundary
is processed to determine the points F; and F, for locating the ROI pattern
and, based on the relevant points (F; and F3), the ROI pattern is located on
the original image. Finally, the ROI is extracted. The pre-processing steps are
shown in Fig.
An example showing a sample of ROI patterns is given in Fig. 3
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Fig. 2. Various steps in a typical region of interest extraction algorithm. (a) The fil-
tered image, (b) The binary image, (¢) The boundaries of the binary image and the
points for locating the ROI pattern, (d) The central portion localization, and (e) The
preprocessed result (ROI).
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Fig. 3. Sample ROIs extracted from a palmprint
4 Feature Extraction
4.1 Discrete Fourier Transform (DFT)
The 2D-DFT of an input data with size H x H is defined as :
| Ho1H-1 2u+ v
P = gy 3 3 steern ric”™ ) )
y: =

Note that f(z,y) is the image and is real, but F(u,v), u,v = 0,1,2,..., H — 1, is
the FT and is, in general, complex. Generally, F' is represented by its magnitude
(A) and phase (¢) rather that its real and imaginary parts, where:

AP) = VRAF) + (P o) =metan | @

At the features-extraction stage the features are generated from the ROI subim-
age by ¢(F'). This feature-extraction technique has been used for matching mod-
ule. It represents an efficient algorithm for palmprint recognition using the phase
components in 2D-DFT of given images.

4.2 Block Based Discrete Cosine Transform (DCT)

With block based 2D-DCT, the image is analyzed on the basis of block per block.
Given an image block, where z;y = 0;1;2,....., N — 1, we decompose it in terms
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of orthogonal 2D-DCT basis functions. The result is an N x N matrix C(u;v)
containing DCT coefficients:

N—1N-1
2y + Do (2z + Dur
C(u,v) = Zfoycos[ o N }cos{ ON (3)
y=0 =0
with uw,v = 0,1,2,...., N — 1, a(v \/1/N for v = 0, and a(v \/Q/N for
v=1,....., N —1. The coefﬁments are ordered according to a mgzag pattern. For

a block located at (b;a), the baseline 2D-DCT feature vector is composed of :
T
o1 = [l P B ), )] (@

where c&?’“), n € [0, M] and M = N x N,denotes the n-th 2D-DCT coefficient
and M is the number of coefficients. 2D-DCT-based features are also sensitive to
changes in the illumination direction. Sanderson & Paliwal [9] used a modified
form of DCT feature extraction, termed DCT-mod2, which has been shown to
be robust against illumination direction changes. In this paper, we introduce
the DCT-mod2 feature extraction technique. For the DCT-mod2, the first three
2D-DCT coefficients (vector z) are replaced by their respective horizontal and
vertical deltas, in order to reduce the effects of illumination direction changes,
and thus form a feature vector representing a given block as follows [I0] :

= [AhC() Ach Ahcl Avcl AhCQ Av02 C3 Cq CM—2 CMfl]T (5)

The n-th horizontal and vertical delta coefficient for block located at (b;a) are:

Zki k;h, c"(qlb,a"rk) A’Uc(b,a) B Zé(:_K k;hk-Cr,(rLbJrk’a)
ZszK hik? " Zfzfl( hik?

Where h is a 2K+1 symmetric window vector. In this paper, we use K=1 and
a rectangular window such as: h = [1 1 1]7.

ArCl = (6)

5 Matching Modules

In the subsequent two feature-extraction modules, the phase information in 2D-
DFT and the block based 2D-DCT transform, are used for the extraction of
the ROI sub-image features, while in the two matching modules the matching
between the input feature and the templates from a database is performed. After
the score normalization of the matchers outputs, fusion is applied. Tow different
similarity/dissimilarity measures are used :

5.1 Sum of Absolute Differences (SAD)

For the features matching, the most popular criterion consists of minimizing
the sum of the errors between the values of every pair of corresponding points
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between the input feature F, and the stored feature (template) F,.. In this con-
text therefore, the objective function takes the form:

2
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5.2 Phase Correlation Function (PCF)

Frequency domain palmprint matching is based on the 2D-DFT property that a
translational displacement in the spatial domain corresponds to a linear phase
shift in the frequency domain [IT]. Let two N; X N images, the palmprint
image to be verified (current) f, and the registered palmprint image (reference)
fr. Thus, assuming that f, and f,. differ over a moving area, <7, only due to a
translational displacement, (71;72).

fo(ni,n2) = fr(n1 + 11,2 + 72), (n1,n2) € & (8)
By taking the 2D-DFT of both sides :
Fy(ky, ko) = Fr(ky, ky)el(TFaimi—hkare) 9)

where F, and F, are the Fourier Transform (FT). If we define as the phase
difference between the FT of F,, and that of the F,., then we obtain:

i AD(hr k2) _ il (ks ka) =6, (ke k)] _ Fo(kiska)  F7(ky, ko) (10)
|Fo (ks k)| [ E (R, Ka)

where ¢, and ¢, are the phase components of F,, and F,., respectively. If we
define C, »(n1,n2) as the inverse DFT of edA?(k1k2) then we have:

Co.r(n1,n2) :g—l{ejAﬂ(kukz)} :y_l{ej¢v(k17k2)}®y_1{€_j¢r(kl7k’2)} (11)

where ® is the 2D convolution operation. In other words, C,, (11, n2) is the cross-
correlation of the inverse 2D-DFT (%~ = 2D IDFT) of the phase components
of F, and F,. For this reason,C, ,(n1,n2) is known as the Phase Correlation
Function (PCF) [12]. The importance of this function becomes apparent if it is
rewritten in terms of the phase difference in equation (9):

Cyr(ni,ne) = 9‘1{ejA¢(k1’k2)} =d(n1 —71,n2 — T2) (12)

Thus, the phase correlation surface has distinctive impulses at (71;72). This
observation is the basic idea behind the phase correlation matching. When two
images are similar, their PCF gives a distinct sharp peak. When two images are
not similar, the peak drops significantly. The elevation of the peak can be used
as a good similarity measure for image matching.
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5.3 Normalization and Fusion Modules

Score level fusion is achieved by combining the matching scores calculated from
different representations. Each representation has its matching module. Match-
ing score is calculated with PCF-based matching and DCT-based matching. The
two matching scores for the two feature vectors are normalized; i.e. it takes the
values [0,1], and combined using the strategy of the sum rule (based on their ex-
perimental results, the authors make the observation that the sum rule achieves
the best performance [I3]). In the decision stage, the best fusion score compared
with the threshold of the decision, noted by Tr. When the best fusion score
< Tg, the claimed identity is accepted; otherwise it is rejected.

6 Experimental Results : Evaluation and Comments

We have tested and evaluated our approach on (PolyU) palmprint database [14].
This database contains 100 classes. The size of the original Palmprint images is
384 x 384 pixels that have been captured with the resolution of 75 dpi. Twenty
samples from each person were collected in two sessions. The palmprint images
are aligned and the central part of the image, whose size is 128 x 128 pixels, is
automatically segmented to represent the ROI of the palmprint. Three palmprint
images of each palm were randomly selected for enrollment, and the remainder
of 17 palmprint images is used as test images for recognition.

In the first experiment, the impostor distribution and the genuine distribution
are generated by 1700 and 42075 comparisons for 100 persons, respectively. The
Receiver Operating Curves (ROC) are plotted in Fig. Bl in which the Genuine
Acceptance Rate (GAR) is plotted against False Acceptance Rate (FAR). For
example, if only the 2D-DCT feature is used, we have GAR = 95.75 % (FAR =
FRR = 4.25 %). In the case of using the 2D-DFT, the GAR is improved to 96.90
% (FAR = FRR = 3.10 %). By applying the fusion rule, the results are improved
and they reach the rate of 97.95 % (FAR = FRR = 2.05 %) for a database size
equal to 100. Therefore; we can conclude from these results that an integration of
2D-DFT and 2D-DCT does result in an improvement of identification accuracy.

Other series of experiments are carried out using another palmprint database.
Two experiments are done in order to test the identification performance of
the system. We setup two registration databases for N = 50 and N=100. No
palmprint image of the testing database is contained in one of the registration
databases.

In the first experimental with the database of fifty persons, and in order to
obtain the performance characteristics such as the genuine and impostor distri-
butions, the biometric feature of unknown user is presented to the system and
the system will try to match the user with all stored template in the database.
A genuine matching is defined as the matching between the palmprints from the
same palm and an impostor matching is the matching between the palmprints
from different palms. Therefore, a total of 21675 comparisons are performed, in
which 850 comparisons are genuine matching and 20825 comparisons are impos-
tor matching. The genuine and impostor distributions are plotted in Fig. Bla



Efficient Person Identification by Palmprint

189

Genui:n:c Acceptance Faie |%|

False Acceptance [7]

Fig. 4. Receiver operating curves for individual representations

m

[ Cenuines o E ._J--'"’
N —— Innpeostons _i | u r
5 ! .i i al b
% 4} AERE N
& oal Wml [ g /
E |, ll 1'. P i y
I i Ilf { \ 5 mr -
1t |:|.|'i W \ E ;/"
N ) ' ——DFL-DCT
o -ﬁi".'llr . r'.’l'i“."“.- ' - I:_',1I|'I gl ' n .
o D.2 0.4 0.8 0.8 1 .I:II II:II T
Normalized Distance False Acceptance %]
fer) fL1]

Fig. 5.
bution,

Identification test results (50 Person’s). (a) The genuine and impostor distri-
and (b) The receiver operating curves.

Dcn.n:it}- |%|
3

_ 100 -
Genuinss M = ~
! _ l,.'
I3 g 495 g
B 3 7
| L
“J!."I { |I E an
| A &
| 1 o BSR
i r lﬁ i !: E‘ ..-'f
i hol i < 80F/
| i i ]
4L| "\I | 1 El 75k
! i
M : ! — DOFT-DCT
) M, N S " e
oz o4 05 08 i 10 o a0
Mormalized Distance False Acceptance %]
{a) [

Fig. 6. Identification test results (100 Person’s). (a) The genuine and impostor distri-
bution, and (b) The receiver operating curves.

and the ROC curves, shown in Fig. Blb, depicts the performance of the system.
The described identification system can achieve the equality between FAR, False
Rejection Rate (FRR) and Equal Error Rate (EER) that reaches the rate of 2.82
% at the decision threshold of T = 0.654. A maximum of GAR is also reached
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with the rate of 97.18 %. Thus, we can conclude that the fusion of the two fea-
tures has improved the results of the identification compared with results that
have been obtained with only one feature.

In the second experimental with the database of one hundred persons, the
distributions of the impostor and the genuine are generated by 1700 and 42075
comparisons, respectively. Fig. [Bla presents the results of the identification and
Fig. [Blb shows the corresponding ROC. As in the first experimental, the iden-
tification system can achieve the equality between FAR, FRR and EER with
the rate of 2.25 % for T = 0.656 and a maximum of GAR is reached at the
rate of 97.75 %. These experimental results show that the proposed methods
reach a highest identification rate compared with other methods developed in
the literature [I5] and [16].

7 Conclusion

A biometric system that is based only on a single biometric characteristic may
not always be able to achieve the desired performance. Biometric techniques
based on the multi-representations, which combine multiple representations in
identification process, can be used to overcome the limitations of the single
biometric system. Integration of multi-representations of the biometrics for an
identification system can improve the identification accuracy. We have devel-
oped a decision fusion scheme that integrates two different representations that
complement each other, which are the block based 2D-DCT and the phase in-
formation in 2D-DFT. A fusion scheme exploits all the information of the two
representations via its decision rule. In order to demonstrate the efficiency of
our proposed fusion scheme, the (PolyU) palmprint database for testing and
evaluating the method is used. The obtained results show that the proposed
fusion scheme overcomes many of the limitations of both individual systems,
DCT based identification system and DFT based identification system. They
demonstrate that it performs very well and it meets the accuracy requirements.
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