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Abstract

Biometrics is the word derived from Greek words “Bio” means (life) & “Metrics” means (to measure). Biometrics is
the science of measuring human characteristics for the purpose of authenticating or identifying the identity of an individual.
Biometrics System is used for automated recognition of an individual. In Information system in particu lar biometrics is used
as a form of identity access management and access control. It is also used to identify individuals in groups that are under
surveillance. In this paper, palmprint biometric is used for personal authentication. Various feature extraction methods to be
discussed and compared are Forstner operator, SUSAN operator, Wavelet based salient point detection and Trajkovic and
Hedley corner detector.
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1. Introduction

The palmprint of a person can be also taken as a biometric. It is a physiological bio metrics, palmprint, the inner part
of a person’s hand, below the fingers to the wrist meets out both the theoretical and practical requirements to be a biometric.
Palmprint is universal because every person has palmprint. It is unique because every palmprint is different from other person
palmprint even identical twins have different palmprint features. Palmprint is permanent or inseparable from individual as
compared to identification items. It is easy to collect and consistent because it does not change much with time. It performs
better in term of accuracy, speed and robustness. Palmprint biometric system is more acceptable by public because users can
gain access anytime they want without being monitored by a surveillance camera. It is hard to imitate because of its size.

Palmprint is features rich. It consists of geometry features, point features, line features, texture features and statistical
features. Palmprint point features are datum points, line intersection points, end line points etc. Point features can be obtained
through high resolution palmprint image. In this paper, several point (corner) based feature extraction methods are studied and
compared. Results of various feature extraction methods are compared and among them best method is found out.

2. Corner based feature extraction methods

Corners are the points where intensity changes in all directions. In palmprint, palmprint features can be of the form of
corner points. These features can be extracted using Forstner operator, SUSAN operator etc. These methods are discussed in
detail as follows:

2.1 Forstner Operator

The Forstner Operator developed by Férstner and Glilch in 1987 has been widely adopted in photogrammetry and
computer vision over the last two decades. The aim of developing this operator is to create a fast operator for the detection and
precise location of distinct points, corners and centres of circular image features. The algorith m identifies interest points, edges
and regions using the autocorrelation function A. The derivatives of A are computed and summed over a Gaussian window.
Error ellipses are computed and based on the size and shape properties of each ellipse, the interest points found are classified
as points, edges or regions. Forstner calculates the size and shape of the error ellipses using two eigenvalues A1 and A2 as well
as the inversion of A.

The error ellipse size is determined by:

1 det(A
= = ( ) , w>0
A+ 4, trace(A)
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The roundness of the ellipse is determined by:
2
g -1 A% _ 4.det(AZ, 0<q<1
A+ A, trace(A)

The algorithmclassifies each area based on the values of wand .

= Small circular ellipses define a salient point

= Elongated error ellipses suggest a straight edge

= Large ellipses mark a homogeneous area
Practically Forstner operator has few limitations like high computational cost, relatively slow and impractical for high-
level data analysis.

2.2 SUSAN Operator

The SUSAN operator was developed by Smith and Brady (1997) for image processing. It is an edge and corner detector
method which is accurate, noise resistant and fast. It is better as compared to other operators and overcome maximum
problems faced by other methods, such as high computation time. The SUSAN operator is based on the concept that each
point of interest in the image will have associated with it a local area of similar brightness values and that these areas can be
used as a guide to help find features of interest such as corners and edges in the image. The SUSAN operator finds areas of
similar brightness, and consequently for interest points within a weighted circular window. The central pixel in the search
window is denoted as the nucleus. The area within the window that has similar intensity values to the nucleus is computed and
referred to as the USAN (Univalue Segment Assimilating Nucleus). A low value for the USAN indicates a corner since the
central pixel would be very different from its surroundings. After assessing results and eliminating outliers, the local mini ma
of the SUSANs (smallest USAN) remain as valid interest points. The comparison between pixel brightness values is computed
using the following equation:

oy L 1(p)=1(py)
PP okt iR -10m0)

_— —_—

where, P, is the position of the nucleus in the two-dimensional image, P is the position of any other point within the

>t

—

circular window, I( p) is the brightness value of any pixel, t, is the brightness value threshold and o is the output of the

comparison. The comparison is calculated for each pixel in the circular window and the total number of pixels with similar
brightness values as the nucleus is summarized as:

n(ps)= X olp. po)

p

—

N( P, ) value is compared with a geometric threshold, g. The algorithm uses a threshold value in order to distinguish
between features that make suitable interest points and non-uitable features. To find a corner in the image, the threshold value

—_—

g is set to half of the maximum value of N( P, ), Nmax. Ifnmax < g then it indicates corner existence.

2.3 Wavelet basedsalient point detection

The wavelet transform is a multi-resolution representation of image variations at different scales. A wavelet is an
oscillating and attenuated function. It is known that wavelet representation gives information about the variations in the signal
at different scales. The aim is to extract salient points from the image where there is some variation in the signal at any
resolution. A high wavelet coefficient at a coarse resolution corresponds to a region with high global variations. A relevant
point is found out to represent this global variation by looking at wavelet coefficients at finer resolutions.

The coefficient represents 2p signal points. To select a salient point fromthis tracking, among these 2p points the one

with the highest gradient is chosen. Saliency value is set as the sum of the absolute value of the wavelet coefficients in the
track:
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where, C(W_; f (n)) is the wavelet coefficient, N is the length of the signal.

The tracked point and its saliency value are computed for every wavelet coefficient. A point related to a global
variation has a high saliency value, since the coarse wavelet coefficients contribute to it. A finer variation also leads to an
extracted point, but with a lower saliency value. The saliency value is thresholded, in relation to the desired number of salient
points. The points related to global variations; local variations are obtained. The salient points extracted depend on the wavelet
used.

2.4 Trajkovic and Hedley corner detector

Trajkovic and Hedley corner operator was developed by Miroslav Trajkovic and Mark Hedley in 1998. The operator is
compared with other operators like Plessey operator etc and found that operator has slightly inferior repeatability rate, but the
localization is comparable and improved on junctions. Trajkovic and Hedley proved empirically that their operator is five
times faster than the Plessey operator and at least three times faster than all of the operators considered. Being fast method, the
computation time is less. This operator is suitable for real-time applications because of minimal computational demands.

The cornerness measurement of Trajkovic operator is calculated by considering a small circular window and all the
lines which pass through the center of the circle. Center of the circle is denoted by C and an arbitrary line that passes through

C and intersects the boundary of the circular window at P and P'. Intensity at a point X is denoted by Ix and is summarized in
Figure 1.

| — intensity at center of circle
|lr — intensity at intersection point P
Ir - intensity at intersection point P’

P

Figure 1: Notation for Trajkovic Operator

The cornerness measure for the Trajkovic operator is then given as:

C(x,y) = min |::(IP B IC)E +(Ip - 1)’ | Ve p

Different cases are studied to understand the cornerness measure ment.

e Interior Region — it is clear from figure 2 for interior region that the majority of the circular window is within an
interior region (i.e. region of near uniform colour) there will be at least one line where the intensity at the center of the
circle I¢ is approximately equal to Ip and Ip-. it is illustrated by the green lines in Figure 4.1, there is in general several
lines where Ic is approximately equal to both Ip and Ip.. It concludes that cornerness measure will be low and robust to
noise.

e Edge - for the case where the center of circle lies just on an edge there will be exactly one line, shown in green, where
Ic is approximately equal to both Ip and Ip. Since there is only one line where I¢ is approximately equal to both Ip and
Ip: the cornerness measure along edges is susceptible to noise.

e Corner - for the case where the center of the circle is on a corner, for every line at least one of Ip or Ip- will not be in the
interior region so should be different than Ic. Therefore, the cornerness measure will be high and is not particularly
robust to noise.

e Isolated Pixel - for the case of an isolated pixel, for every line both Ip and Ip will be different than Ic so the cornerness
measure will be high. An isolated pixel is likely the result of noise.

Issn 2250-3005(online) December| 2012 Page 84



http://kiwi.cs.dal.ca/~dparks/CornerDetection/harris.htm

International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 8

AL Interior Region EBE. Edge
At least one line where Exactly one line where
Ig = I = g Ig = g = g

&

C. Corner D. Isolated Pixel
For every line one of |g For every line lg and lg
or lg is not close to | are not clase to |-

Figure 2: Different cases for the Trajkovic Operator

Based on the analysis, it is observed that Trajkovic Operator will only perform well for relatively clean images.

3. Results and Discussion

The proposed approach for personal identification using palmprint images is rigorously evaluated on palmprint image
database. Figure (3, 4, 5, and 6) shows the sample images of palmprint images using several point based feature extraction
methods.

(a) Forstner (b) SUSAN (c) Wavelet (d) Trajkovic

Figure 3: Point based feature extraction results for person 1 sample 1

(a) Forstner (b) SUSAN (c) Wavelet

(d) Trajkovic

Figure 4: Point based feature extraction results for person 1 sample 2
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(a) Forstner (b) SUSAN (c) Wavelet (d) Trajkovic

Figure 5: Point based feature extraction results for person 2 sample 1

s |

(a) Forstner (b) SUSAN (c) Wavelet (d) Trajkovic
Figure 6: Point based feature extraction results for person 2 sample 2

The FAR, FRR and ROC curves for each feature extraction method is illustrated in following Figures (7, 8, 9, and 10).
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Figure 7: Accuracy plot for SUSAN operator
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Figure 8: Accuracy plot for Wavelet operator
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Figure 9: Accuracy plot for Trajkovic operator
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Figurel0: Accuracy plot for Forstner operator

Table 1: Comparison of FAR, FRR and Accuracy of Point based methods

Method Name FAR FRR Accuracy
SUSAN 0.082 0.083 91.75
WAVELET 0.0702 0.071 92.94
TRAJKOVIC 0.082 0.084 91.7
FORSTNER 0.042 0.04 95.9

FORSTNER perform better than other point based methods. Low FAR of 4.02% is observed.

4. Conclusion

Personal authentication using palmprint is gaining popularity because of palmprint being a feature-rich and tamper-
proof biometric. Various characteristics of palmprint make it better biometric than other biometrics, i.e. Universality,
Distinctiveness, Permanence, Collectability, Performance, Acceptability and Circumvention. The palmprint is feature rich
biometrics with various types of features as geometry features, line features, point features, texture features and statistical
features. Here, palmprint authentication using various point based methods is discussed. All the methods are analyzed with
programming in MATLAB. It is very important while discussing authentication, that it is not possible to do ideal (100%)
authentication. There are chances of person getting false accepted or rejected. All these factors have to be taken into
consideration while talking about authentication. It is well known facts that increase in FAR leads to less security or not p roper
authentication because any person can be accepted as genuine. Same applies with FRR, false rejection leads to more time
taken for authentication by a genuine person. There has to be a balance between the both FAR and FRR for proper
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authentication. Here, the main aim is to have low FAR as possible. For each type of features extracted and analyzed, best
method is chosen. Out of all the various methods discussed, FORSTNER performed best with FAR of 4.02%.
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