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ABSTRACT

One of the current trends in biometric human identification is
the development of new emerging modalities. Knuckle
biometrics is one of such promising modalities. Texture
pattern produced by the finger knuckle bending is highly
unique and makes the surface a distinctive biometric
identifier. This paper presents feature based identification
methods for an emerging biometric identifier called Finger-
Knuckle-Print (FKP). Techniques employed for feature based
approach is Gabor filter method .In applications of computer
vision and image analysis, Gabor filters have maintained their
popularity in feature extraction for almost three decades. In
the proposed work experiment is carried out to identify finger
knuckle images of more than 100 persons. Compared with the
other existing finger back surface based biometric system, the
proposed FKP system achieves much higher recognition rate.

General Terms

Biometrics, Gabor filter, Personal authentication

Keywords

Finger-Knuckle-Print (FKP)
1. INTRODUCTION

Personal identification and authentication is a common
concern to both industries and academic research due to its
various applications. Biometrics is the discipline of
recognizing a person’s identity based on his/her physical or
behavioural characteristics or traits. In the last three decades,
researchers have exhaustively investigated the use of a
number of biometric characteristics. Biometrics has attracted
much attention in the recent decade due to its numerous
applications in various fields. There are various biometric
identifiers used by different researchers such as face,
fingerprint, iris, signature, voice, palm print etc. Each of this
traditional biometric identifier has its own advantages and
disadvantages. Researchers have broad scope in searching
new kinds of biometric identifiers. Hand-based biometrics has
attracted lot of attention for personal identification by using
palm print, hand geometry, 3-D finger geometry and hand
vein. But these systems have certain drawbacks. Palm print
recognition systems have not yet been deployed for civilian
applications (e.g., access control), because of its large
physical size. The hand geometry systems also have large
physical size, so they cannot be easily embedded in existing
security systems. The pattern of blood vessels hidden
underneath the skin is quite distinct in individuals, even
among identical twins and stable over long period of time. But
this could not be primarily used because it is very expensive
system compared to other biometric systems. Also it is not
adopted due to lack of large scale studies on vein individuality
and stability [1]. Although fingerprint-based recognition has
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been the longest serving, most successful and popular method
for person identification, it has some hygienic issues.
Touching the finger to the same scanner repetitively by many
users may cause skin problems. This problem may occur with
other biometric system that uses touched sensors. Also the
earlier approaches achieved the results by constraining the
position and posture of hands by using pegs. However, such
approaches are inconvenient and difficult for some user
groups, especially for the children and old persons. Therefore,
a lot of emphasis has been laid on contact free and peg-free
image acquisition .The peg-free imaging, although highly
convenient to users, generates images with more scale and
rotational variations. Therefore, efforts are further required to
get better results and to improve the reported performance [2].

The finger back surface, also known as the dorsum of the
hand, can be highly useful in user identification and has not
yet attracted the attention of researchers. The image-pattern
formed from the finger-knuckle bending is highly unique and
makes this finger knuckle surface a distinctive biometric
identifier. Finger geometry features can be acquired from the
same image, at the same time, and integrated to improve the
performance of the system. The peg-free imaging of the finger
back surface is highly convenient and user friendly. Such
images can be acquired online and used to extract scale,
translation, and rotational-invariant knuckle features for user
identification. The contact free imaging of the finger back
surface is highly beneficial to users [2]. It is reported that the
skin pattern on the finger-knuckle is highly rich in texture due
to skin folds and creases, and hence, can be considered as a
biometric identifier. Various advantages of using Finger
Knuckle Print (FKP) include rich in texture features, easily
accessible, contact-less image acquisition, invariant to
emotions and other behavioral aspects such as tiredness,
stable features and acceptability in the society [3]. Literature
survey of related work has already been discussed in detail, in
our earlier papers [11] [24].

2. PROPOSED METHODOLOGY

Proposed work uses 2D Gabor filters to extract the image
local orientation information. This information is then
employed to extract and represent the FKP features. While
matching of two knuckles, the angular distance is used to
measure the similarity.

2.1 Feature Extraction

The Gabor filtering technique can simultaneously extract the
spatial-frequency information from the original signal [4]. It
has been widely used as a convolution filter to fulfill the
feature extraction job. Since 1980s, it has been widely used as
an effective tool to fulfill the feature extraction job in face,
iris, and fingerprint and palm print recognition systems. In [5],
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Loris and Alessandra described a Gabor feature selection
technique. The Gabor filter can produce three types of
features that are phase, magnitude and orientation, which can
be used separately or jointly in different systems. Recently,
Kong evaluated the three basic features (magnitude, phase,
and orientation) produced by the Gabor filter for face
recognition and concludes that the orientation feature is the
most robust and distinctive feature [6]. T.S. Lee [8] derive the
conditions under which a set of continuous 2D Gabor
wavelets will provide a complete representation of any image,
and also find self-similar wavelet parameterizations which
allow stable reconstruction by summation as though the
wavelets formed an orthonormal basis. In this paper, we
proposed a method combining the orientation and magnitude
features using Gabor filter for FKP recognition. Experimental
results in section 3 verify that the proposed scheme gives
better performance in FKP recognition than the other coding-
based methods. The Gabor function has different forms in the
literature and here we adopt the one of the form proposed by
Lee [8] as given below:

G(x,y,w,0)
2
_ ﬁ - e —8“’7(4x,2+y, 2y [eiwx' e kZ/Z]
b4
Where

x’=(x-x0)cosf+(y-y0)sing,
y'=-(x-x0)sind+ (y-y0)cos ¥,

(x0, y0) is the center of the function, w is the radial frequency
in radians per unit length and 6 is the orientation of the Gabor
20641
functions in radians. k is defined by k = /2 In 2 (25 — 1)
, where & is the half-amplitude bandwidth of the frequency

k
response. ® can be determined by ® = e where o is the
standard deviation of the Gaussian envelop. The 2D filter

represented by G(x, y, w, 8 ) extracts the orientation
and magnitude information at each pixel in digital knuckle
image.

2.2 FKP Matching

Degree of similarity can be determined by calculating angular
distance between two feature matrices. Let P and Q be the two
feature matrices, and Pm and Qm be corresponding masks
used for indicating the overlapping areas when one of the
feature is translated. Then the angular distance D (P, Q) is
defined by following equation:

D(P,Q)=
rows cols

Z Z(( Pm (x,y) n Qm(x,y))

y=1 x=1
X6 (P(x,y),Q(x,y))

rows col
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Where M denotes the logical AND operator and

G(P(x,y),Q(x,y))=
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Where value of D lies between 0 and 1. The minimum of the
resulting matching distances is considered to be the final
distance.

3. EXPERIMENTAL RESULTS

Performance of the proposed system is tested on publicly
available “IT Delhi finger knuckle database version 1.0” [9].
This database has been acquired from 158 users in IIT Delhi
campus using digital camera .All the subjects in the database
are in the age group 16 to 55 years. Images are in bitmap
format. Resolution of these images is 80 x 100 pixels.
Sample knuckle images are as shown in figure 1. In our
proposed work we considered two knuckle image samples of
same person and are assigned to the same class. More than
100 such classes are formed and considered for testing the
experimental results. The proposed system is entirely
implemented in Matlab 7.4.0.

Figure 1. Sample knuckle images from database-two
knuckle images per person

Experimental results of knuckle identification using Gabor
filter method is as shown in figure 2. Person is identified and
identification number along with minimum distance of
respective person is displayed on the output screen .Figure 3
shows the features extracted from knuckle image using 2D
Gabor filter. Distance plot using Gabor filter method is as
shown in figure 4. Distances between test knuckle image and
classes are calculated. Class with minimum distance is then
identified. If this distance is greater than threshold value then
the person is recognized as imposter. And if it is less than
threshold value then person is recognized as genuine by
giving corresponding identification number as output as
shown in figure 2. To decide best threshold value testing of
proposed system is carried out both on imposter and genuine
knuckle images as shown in figure 4 .Figure shows the sample
data of both genuine and imposter person, 10 samples for
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each. Distance is considered on Y axis and samples on X axis.
Distance threshold is decided based on experiment in order to
obtain better recognition rate as shown in figure 4.During the
experiment distance threshold is considered as 3.5.
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Figure 2. Result of Knuckle recognition using 2D Gabor
filter

Testing is done on Compaq Intel(R) Pentium(R) Dual core
processor with 988 MB RAM. Software is entirely
implemented in Matlab 7.4.0. Computation speed of feature
extraction and finger knuckle identification offered by
proposed system is found satisfactory. Time required for
knuckle print identification using Gabor method is recorded as
1.9 ms.
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Figure3. Knuckle feature extraction using 2D Gabor filter.
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Figure 4. Distribution of imposter and genuine matching
distance using Gabor filter

At given distance threshold, the probability of accepting
imposter known as false acceptance rate ( FAR ) and
probability of rejecting genuine user is known as false
rejection rate ( FRR ) are obtained. Equal Error Rate ( EER )
is an optimal rate where FAR is equal to FRR. Graphically,
EER is recognized as the crossing point between FAR and
FRR. It is commonly used to determine the overall accuracy
of the system and serve as comparative measure against the
other biometric systems. Correct recognition rate (CRR) for
identification is used to measure the performance of the
system and is found satisfactory. CRR of the system is given
as CRR= ( X1/ X2) x 100 , where X1 denotes the total
number of correct recognitions of FKP images and X2
denotes the total number of persons in database. Table 1
shows performance of proposed system and other related
work.

Table 1: Performance of proposed system and others

Matching Technique CRR (%)
Correlation Coefficient [12] 91%
Knuckle code [10] 98.6%
Angular distance [7] 97%
Non-Enh-SIFT[3] 98%
Enh-SIFT[3] 99%

Non Enh —SURF[3] 99%
Enh-SURF[3] 99%
PCA[11] 96%
Proposed system using 99%

Feature based Approach
(Gabor)
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4. CONCLUSION

This paper presented a novel approach for personal
identification using two dimensional finger knuckle image.
Feature based approach 2D Gabor filter method is employed
for knuckle identification. It is observed that proposed feature
based method for feature extraction and classification have
been quite effective in achieving high performance in knuckle
classification. In addition to this, the proposed Finger Knuckle
Identification technique has several advantages such as user
friendliness, moderate size, cost-effectiveness, etc. It has a
great potential to be future improved and employed in real
applications. Proposed work considered single finger knuckle
image for identification. In future this can also be extended by
considering multiple finger knuckle images. Finger geometry
and knuckle blending information may also be combined and
used for person identification. Variations in knuckle creases
due to some disease may degrade the performance, this
requires further investigation. In near future we may plan to
test this method on large database.
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