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1. Introduction

Biometric has gained much attention in the security world recently. Many types
of personal authentication systems have been developed, and palm print verification is
one of the emerging technologies [1].

Palmprint is considered one of the significant biometric identifiers because it is
unique, stable for a long time period, rich of features. Palmprint may be defined as the
inner surface of the hand between the fingers and the wrist. The palm richness of
extractors comes from the features found in it which are principal lines, wrinkles,
ridges, datum points [2].

This paper describes the main work performed in this system. Our research is
composed of many stages which are palmprint acquisition, preprocessing stage, feature
extraction stage until matching with result stored in a feature vector. Fig(1) is a
simplified block diagram of the proposed system. Our palm images are captured using
traditional scanner device with resolution of 150 dpi ( Dot Per Inch) and Fig(3) shows a
general flowchart of this work.

Palmprint Palmprint Feature Database Matching
Acguisition || Pre-procassing —q Bdracion = Result

Verification

Fig (1) system design stages

2. System Design
The proposed system is composed of many stages as it is seen in Fig(3) and
these stages include acquisition of the palm which is performed using traditional
scanner, the preprocessing stage, and the feature extraction stage and the template
storage.
2.1 Preprocessing
This part deals with the Orientation of the captured palm image, the Region Of
Interest (ROI) selection, and resizing the image to a standard predefined scale which is
400x400 pixel and finally converting the colored image to gray scale. Fig (2) shows two
images of palm print before and after the preprocessing stage.

Fig (2) a) entered image b) image ready for processing
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Fig (3) General Flowchart of the proposed system

2.2 Feature extraction

Feature extraction plays an important role in image identification and
verification. There are many features exhibited in the palm [3].
Our feature extraction is composed of multiple feature extraction methods they are
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* Gabor Filter
* Sobel Edge Detector
Each one of these filters is applied separately on the preprocessed image and then for
each output the following measures are computed
e Zernike Moments
» Traditional Moments
e Mean
» Standard Deviation
Fig (4) shows the feature extraction module of our proposed system.

[nput Image
Preprocessed

»| Gabor Filter > Zernike Moment i

» Traditional Moments g

Sobel >
A > »|  Operator > >
> Mean i
»| Standard Deviation >
v
Feature Vector Stored Template which is ready
for comparison

Fig (4) The Feature Extraction Module
2.2.1 Gabor Filter

Gabor filter, Gabor filter bank, Gabor transform and Gabor wavelet are widely
applied to image processing, computer vision and pattern recognition. This function can
provide accurate time-frequency location governed by the "Uncertainty Principle”. A
circular 2-D Gabor filter in the spatial domain has the following general form:

1 x?+Y? .
G(x,y,0,u,0) =——€xp — rXexp{2zi(uxcos @ +uysin 0} ... 1)
2no 20

Where i = +/~1 ; uis the frequency of the sinusoidal wave; & controls the orientation of
the function and o is the standard deviation; and x, y will determine the size of the
applied filter. Such Gabor filters have been widely used in various applications. In
addition to accurate time-frequency location, they also provide robustness against
varying brightness and contrast of images. Furthermore, the filters can model the
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receptive fields of a simple cell in the primary visual cortex. Based on these properties,
in this work, we tried to apply a Gabor filter to palmprint authentication [2] Fig (5)
shows the output of the entered palm image i.e. after preprocessing.
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Fig (5) Gabor filter in four angle values
a)0°, b)45°, ¢)90°, d)135°

2.2.2 Sobel Operator

The Sobel operator performs a 2-D spatial gradient measurement on an image
and so emphasizes regions of high spatial frequency that correspond to edges. Typically
it is used to find the approximate absolute gradient magnitude at each point in an input
grayscale image. In theory at least, the operator consists of a pair of 3x3 convolution
kernels as shown in the two masks. One kernel (mask) is horizontal and the other
rotated by 90° (vertical)[ 4] [5].

Column Row

Mask Mask
1211 1[0 [1
01 010 2] 0 |2
1 2 1 1 0 1
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These masks are each convolved with the image. At each pixel location we now have
two number; s; , corresponding to the result from the row mask, and S2, from the
column mask. We use these numbers to compute two metrics, the edge magnitude and
the edge direction, which are defined as follows:

Edge Magnitude = vS1% + 527 ..oiiiiie i, (2)

Edge Direction = tan™ [E} ....................................................... (3)

S»

The edge direction is perpendicular to the edge itself because the direction specified is
the direction of the gradient, along which the gray levels are changing [4][5] Fig (6)
shows output of sobel.

Fig (6) Sobel operator output image

2.2.3 Zernike Moments

The kernel of Zernike moments is a set of orthogonal Zernike polynomials
defined over the polar coordinate space inside a unit circle. The two dimensional
Zernike moments of order p with repetition g of an image intensity function f(r, #) are
defined as:
_P+1

T

27
Zng [Via(r, 0) £(r, O)rdrd © ;{1 ST oo (4)
0

Where Zernike polynomials V4 (r ©) are defined as:
voq (7, 0) ZRPA (NE19C  T2=1 oo, (5)
and the real-valued radial polynomials, Rpq(r), is defined as follows:

p—al

_ ¥ k (p-k)! _2k
R = E -1 P
pq(r) k=0( ) k'[ p+|q|_k)j|( p_lql_k)jlr

where 0 <|g|[<p and p - Iql is even.
If N is the number of pixels along each axis of the image, then the discrete
approximation Of equation (4) is given as:

...(6)
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N-1N-1

Zpq =A(p, N)D D R (r)r £ (i, j)0<r <Ll (7)

=0 j=0

where A (P,N) is normalizing constant and image coordinate transformation to the
interior
ofthe unit circle is given by

14
ry:\/xi2+yj2;9:tan1L£J;xi:c1i+cz;yj:clj+cz; ........... (8)
X
And A (P,N) is computed as follows:
4(p-1) 2 -1
A(P,N) =—————C, = ———1C) = —= e 9
(PN = D5, N ©)
ff
Therefore,
X, = V2 i+ =L and yj=£j+_—1 .................................... (10)
N-1 42 N-1" 2

This implementation, is for square image (NxN) and normalized over a unit circle[6][7].

2.2.4 Traditional Moments
These moments are also named orthogonal moments. For a 2-D continuous
function f(x, y) of order (p+ q) is defined as

m,, = Ijxpyqf(x, YIAXAY e (1)

—00—00

Forp,q=0,1,2...

A uniqueness theorem states that if f(x, y) is piecewise continuous and has non
zero values only in a finite part of xy plane, moments of all order exist and the moment
sequence (Mpq) is uniquely determined by f(x, y). Conversely, (mpgl uniquely
determines f(x, y). The central moments can be expressed as

fog = [ JOX=0P(y=y) F O y)AXdY oo (12)
where X = M0 and ?zﬁ
mOO mOO
For a digital image, Eq.(12) becomes
Hog =2 2 (X=X (Y =) F X Y) i (13)
Xy
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which are
Moy = Moy tyy =0
Mo =0
My = My — yMy, Hyy = My — XMy,
Mo =My, — yMy,

— - — - —2
Mg = My, —3XMy, +2XMy, Hyp =My, = 2YMy, — XMy, +2Y My,

— — —2
My =My —2XMy; — YMy, +2X My,

— —2
Hog = Mgz —3yMg, +2y My,
The normalized central moments, denoted
npq , are defined as
,qu

where

A set of seven invariant moments can be derived from the second and third moments

[2]:

Pu = Tag F gz cevveemrinii (16)

By = (May =10z )2+ AT01y eevoeeeeeeeeereeeeeeeveeeveee e (17)

By = (Mg —3M15) 7 + (31751 =103 ) " +eeeee e eee it aee et e e e e e (18)

By = (Mag +315)° + (301 F7755) 5 e ee et et (19)

B = (130 = 3002) (030 + 112 ) [(720 +7712)" = 3721 + M6 )] + B1a = 1103) (0 + 1002 ) B0 +7012)° = (121 +7165)°]

(20)
G5 = (1120 — 102 ) (173 + 7712)2 — (7 + 7703)2] + 41, (730 +1712) (1751 +1103) (21)

B = (3151 = 103) 30 = 12 ) [ (759 "‘7712)2 — (7 + 7703)2]"' (3771 = 130) (171 = 103) [3(739 "'7712)2 = (7 "'7703)2]

This set of moments is invariant to translation, rotation, and scale change [5].

2.2.5 Mean and Standard Deviation
A-Mean: Average or mean value computes the mean of a set of elements (the sample

-1
AVETAGE X = = D X[ corvvvermeeesissincssisssss s
N5

... (23)
where n is the number of elements in the given set, X; defines the set elements [5][6].
B-Standard Deviation: This computes the standard deviation ofthe data of a sample.
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where X is the sample average. Standard Deviation normalizes by n-1 where n is the
sequence length [5][6].

3. Implementation

Here one can see implementation of the different stages of the proposed system. Fig
(2.a) shows first the entered image and Fig (2.b) shows the image after preprocessing
that is ready for feature extraction.

1

e d
Fig (7) Implementation of Gabor filter in four angle values
a)0°, b)45°, ¢)90°, d)130°

Flg (8) Sobel operator output |mage
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Measures GO G45 G0 G135 S
Zernike 11.2157- 0.1878- -3.4553- 5.4390- -0.0092-
0.4125i 1.9893i 3.1904i 3.9645i 0.0080i
o |01 0.3372 0,3373 0.3353 0.3387 7.3806
S | 02| 4.9663*10" | 7.7536*10° | 1.8374*10° | 1.1527*10° 1.5745
€ | 03 | 1.1499*10° | 3.0281*10° | 4.1455*10° | 4.6612*10° | 4.1629
S | 04 | 41639*107 | 1.9301*10° | 1.1523*10° | 6.5597*10° 8.0215
— _ *10) _ *10°
g 051 50834%1014 | 42724710 | 7 1703%1012 | 11237710 108715
(@)) _ * _
£ 06 | 6.3169%10° | 5.3230%10° | -4.9375+10° | 0284810 1 5 1996
O [T07 | 3.3924*10 | 1.6927*10% | 2.2141*10 | 1.2996*10™ | -48.3101
Mean 66.8662 16.1806 23.9233 34.1745 0.0278
gtar.‘d"’.‘rd 102.3557 34.4121 49.9603 49.9603 0.1643
eviation

Table (1) the output measures for one hand

Table (1) shows the feature vector of one entered palm image. These values are
produced for five intermediate images which are the resultants of Gabor
implementation and Sobel implementation. Gs' define the Gabor output for the four
angles 0°, 45°, 90°, 135°, respectively and S defines the output of Sobel. This means
that each feature vector contains 50 values, one complex value for Zernike moments,
seven values for orthogonal moments, two values for mean and standard deviation.

4. Conclusions

The proposed system produces a feature vector that contains a lot of
information for each sample. This will increase the chance of true identification /
verification for an individual rather than using one or two values. These feature
extractors vary in there responses so if one value is diverging it will not have too much
effect when the other values are converging i.e. the error rate is little. The proposed
system~as shown in Fig(3) shows two different processes for feature extraction one
depending on Gabor filter and-the
other depends on the Soble Operator.
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