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ABSTRACT

Person authentication is one of the main concerns in industries
as well as in the academics because it is used in these area for
various application such as Computer security, banking
enforcement, law enforcement physical access control etc.
Biometrics is basically referred as the unique behavioral and
psychological characteristics of human which can be used for
distinguishing the individuals and hence can be served as one
of the optimum solution to this problem. In this thesis, inner
knuckle surface and its pattern are used for developing a system
for person identification. A database of the finger knuckle
containing 7920 samples collected from 660 individuals that is
publicly made available by the Hong Kong Polytechnic
University is used in this work. Radon transform is used here to
extract the features of the inner knuckle surface as it is most
widely used for detection of lines and crease. A database of
these extracted feature is prepared and various techniques of
classification is used for classifying these pattern and hence
identification of person. Comparison has also been made
between various classification technique to find out the most
accurate identification.
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1. Introduction

Biometric recognition or simply biometric
refers to use of distinctive anatomical and
behavioral characteristics for  automatically
recognizing an individual. Automatic human
identification has become an important issue in
today’s global information society. Due to
increasing security concerns, large number of
systems currently required positive identification
before allowing an individual to use their services.
During the last decade there has been a steady
research effort toward providing user friendly and
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reliable methodologies for access to facilities,
research and services. Automatic biometric systems
have emerged as a more reliable alternative to the
traditional personal identification systems[1][2].
Different techniques have been developed each of
them having its own advantages and disadvantages
Now a day’s authentication is based on the unique
physiological and behavioral characteristics of
human being. It is generally accepted that physical
traits like iris, fingerprints, finger knuckle, finger
vein, DNA finger print can uniquely define each
member of large population which makes them
suitable for large scale identification. Reason of
attraction of such traits is social acceptance and
easy to use. Finger knuckle (FK) is user centric,
contactless and unrestricted access control. Its
texture and statistical features are available and
easily extracted. It is independent to any behavioral
aspect[3-8]. Woodward and Flynn are the first
scholars who made use of the finger knuckle
surface in their work. They set up a 3D finger back
surface database with the Minolta 900/910 sensor.

C. Ravikanth et al.[19] developed a system
for acquiring the finger back surface images. This
imaging system uses a digital camera focused
against a white background under uniform
illumination.

Lin Zhang et al. [1] development a system for FKP
acquisition. This consists of four components FKP
image acquisition, ROI (region of interest)
extraction, feature extraction and feature matching.
Some of the noteworthy contribution can be found
in the paper [2, 3, 14, 27] that can create spatially
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localized features are receiving increasing attention
in the literature. Jun et al.[14] proposed a new linear
feature extraction approach called Weighted Linear
Embedding(WLE).

Yang et al. [2] inspired by the work that
Gabor wavelets have been applied successfully in
image analysis and pattern recognition, used it for
feature  representation in  FKP. Jing et
al.[3]simultancously considered distances and
angles between image data vectors to measure data
similarities in hope of more sufficiently capturing
the manifold structure. Different coding based
algorithms are also proposed in the literature. [5,
13, 15, 17] and basically iris code is the foundation
of these coding algorithms. These coding
techniques have been used widely for palmprint
recognition [21, 22, 23, 24, 25, 29] and have
provided good recognition results. Ajay Kumar [17]
in his work exploited the local information in
comparison to the global information for reliable
performance. Lin et al.[13] designed a system to
capture FKP images and proposed a method to align
the FKP images by adaptively constructing a local
coordinate system for each image. Lin et al. [15]
proposed a fast feature extraction and coding
method called the Monogenic code based on the
Monogenic signal theory and is used for FKP
recognition. Lin Zhang et al. [5] used coding
method because they have the merits of high
accuracy, robustness, compactness and high
matching speed. Hence, based on the findings that
Riesz transform can well characterize the visual
patterns this work proposes to encode the local
patches of FKP images by using second order Riesz
transform. Some other noteworthy other methods
can be found in the literature [7, 8, 9,11, 16] various
image processing techniques are employed either
independently or combined to extract the texture,
local, global or line feature from the finger knuckle
print. Fusion is a promising technique that is used
to increase the accuracy of the biometric systems
[2,4,6,8,20,27].

2. Methodology

As mentioned earlier that Radon transform
can be used for detecting the unique line and crease
in the finger knuckle print image even for noisy
image therefore in this project work, radon
transform is used to extract the features i.e. Radon
transform coefficients which are unique for unique
lines and crease. Though hough transform can also
be used in place of the radon transform because it is
also able to detect the lines and crease in the image
but in case of noisy image its performance is poor.

2.1 Randon Transform

In recent years the Hough transform and the
related Radon transform have received much
attention. These two transforms are able to
transform two dimensional images with lines into a
domain of possible line parameters, where each
line in the image will give a peak positioned at the
corresponding line parameters. This have lead to
many line processing, computer vision, and seismic.
detection applications within image

y

X|

Figure 1 Line parameter using Radon Transform

Several definitions of the Radon transform exists,
but the are related, and a very popular form
expresses lines in the form p =XxXcosO+
y X sinf
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2.2 Creation of Feature Database

Image acquired by the camera now a days
are mostly colour camera and Radon transform
can be used in gray scale image only as it is
defined for only two dimensional signal. Therefore
it is imperative to convert the acquired colour image
in to the gray scale image. The process of
converting the colour image in to a gray scale
image is called RGB to gray scale conversion.
When image is acquired during the acquisition
process then there is the possibility of acquired
image is contrast-wise not uniform which again
pose the problem of poor recognition accuracy
therefore it is necessary to make the contrast of the
image uniform, this work is accomplished by the
histogram equalization operation.

Number of radon transform coefficients are
same for the image of the same size and different
for the different size of the image. Different
number of coefficients i.e. features creates the
different dimensional size database which pose a
problem of matching therefore in this project work
image is first of all resize to some standard
dimension size so that we can get the same number
of radon transform coefficients. Following are the
Algorithm Steps of feature Database Creation
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Figure 2 Block Diagram of Database Creation

Step 1 Input the

image.

Step 2 Convert the image from colour to gray scale
image by using colour to gray scale
operation.

Step 3 Resize the image for getting the same
number of radon coefficients.

Step 4 Apply Histogram operation to Make the
contrast elevation.

Step 5 Apply the Radon transform and compute the
Coefficients for the step of three degree
angle. And store the coefficients
corresponding to the each angle in the

colour Finger Knuckle print
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database.

Step 6 Store the Coefficients of each image in the
feature database.

Step 7 End of operation. Once all the features are
extracted then the next step is to classify all
the features and hence recognize the person
on the basis of the classification. Though
there are so many classification method, but
in this work we have concentrated on 4
different classification methods. Out of four
classification methods two are neural
network based and two are the pure
classifier.  Block  diagram  of the
classification is shown in the figure 4.
Following are the steps of classification and
identification

Step 1 Input the

image.

Step 2 Convert the image from colour to gray scale
image by using colour to gray scale
operation.

Step 3 Resize the image for getting the same
number of radon coefficients.

Step 4 Apply Histogram operation to Make the
contrast elevation.

Step 5 Apply the Radon transform and compute the
Coefficients for the step of three degree
angle.

Step 6 Perform the classification Task using BPN
neural network and compute the accuracy.

Step 7 Perform the classification task using RBFN
neural network and compute the accuracy.

Step 8 Perform the classification task using the
KNN classifier and compute the accuracy.
Step 9 Apply the naive bias classifier for the
classification and compute the accuracy.

Step 10 Compare the performance of the above
mentioned classifier with the base paper
classifier and draw the conclusion
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Figure 3 Block Diagram of classification & Recognition
Task

3. Experimental Results

As mentioned earlier that Radon transform
can be used for detecting the unique line and crease
in the finger knuckle print image even for noisy
image therefore in this project work, radon
transform is used to extract the features i.e. Radon
transform coefficients which are unique for unique
lines and crease. 10 features of the finger knuckle
are extracted out from the finger knuckle. Each of
these 10 feature actually represent the average
radon coefficient taken for angles which are 18
degree apart. This created total 10 feature(180/18).
Therefore for each finger knuckle print, 10 features
are extracted. Feature database id prepared. Back
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propagation neural network is designed for
classification these radon coefficients. Neural
network is then trained. Supervised learning is used
to train the neural network. Since in supervised
learning, target vector is used therefore target vector
is also designed for the training. Feature vector is
given to the neural network as an input and target
vector is given to the network as the output. Once
the neural network is trained it is hen tested for
different finger knuckle print. test image.
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Figure 4 GUI Designed for the FKP recognition System

Once the feature are extracted then
classification is performed using BPN neural
network, RBFN neural network, KNN classifier,
and Naive Bias classifier for the classification and
compute the accuracy.

Table 1Ten- different Radon coefficient for different
value of Theta

Radon Coeficents for iffeentvale of Theta(im sep of 1§)
61|69 | 63 | 655 | 6T | OO | 6L | 6D | 6L4S | 6FlED

933005 | 181848 | 1453192 | 16)5L75 | 607681 | 1052038 | 1528609 | 1123469 | 30317 34530
DIBRTI6 | 1335428 | 1456767 | 1698577 | IS076.55 | 9809956 | L4473 | 1164842 | 7563162 | S978742
AR16324 | 1375331 | 1466513 | 1737789 | L4TTTL | 8199384 | 127074 | 1196160 | 7894701 | 3815308
TOITASE | 1445 | 1500339 | 1762601 | MI2LT |G120443 | LISTLOL| 1216418 | 821301 | 6060287
1033428 | 67161 | 1356532 | 1817364 | 1335638 | 6103340 | 1128612 | 141238 | 8648933 | 684341
IS00834 | 1519837 | 158732 | 1893534 | 13036, | G386.623 | 1096660 | 1277446 | 9137712 | 6481610
1935024 | 156303 | 1606997 | 1954798 | 1260102 | 977054 | 1039435 | 1306373 | 614683 | G7SLIS
21984 | 1604208 | 1627900 | 1975141 | 1200727 | 8961822 | 1069943 | 133959 | 1006734 | 703175
D308L35 | 164297 | 1628533 | 2010115 | 118953 | 9741659 | 106456 | 1370026 | 1027745 ) T30R.142
2971026 | 1679646 | 1623307 | 236596 | 1207565 | 105154 | 1043802 | 411982 | 1087509 | 7500357

=

=
5=
=

For performance comparison, accuracy is computed
which is defined as

Number of correctly identified personin test

Accuracy = Total number of person in test

It very important to see that how the
different classification method perform for the
similar number of features therefore apart from the
BPN network, three more classification methods
were also tested i.e. RBFN network(Radial basis
Function = Network) , KNN (k-nearest
neighbourhood ), and Naive bias method for the
similar number of the feature and the accuracy
obtained is tabulated in the table 2

Table 2 Accuracy Table for different classifier
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S. | No. Classification | Accuracy
No. | Features | Method (in %)
10 BPN 94.5
4 10 RBFN 97.25
7 10 KNN 93.25
10 |10 Naive Bias 91.25
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From the table 2it is clear that RBFN is
found to be the best classifier with accuracy of the
97.25%. rest of the classifier are found to be lesser
accurate in recognizing the finger knuckle print and
hence the person.
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Figure 6 Accuracy Comparison for different

Classifier From the above graph it is clear
that RBFN network perform better than rest of the
classification method. Table 2 compare the
performance of the best classifier in the proposed
work to the best performer classification method of
the paper[31]. |

Table 3 Comparison of method with the Method
Proposed in the paper[31]

Method No. of | Accuracy
Feature (in %)

Paper 10 94.33

[31]Implementation

Method with RBFN | 10 97.25

network in this work

Accuracy

98
97
9
95
94
93 . W Accuracy
92 . .

«\“’N\ ~®°b

() ()

R \\

Figure 7 Comparisons Graph of Accuracy Between
paper[31] and method implementation

4. Conclusion

Finger knuckle print is comparatively new
biometric characteristics of the human being which
is being explored by many researcher for
recognition and authentication purpose. Radon
transform is one of the important tool which can be
used to detect the lines pattern in any image. This
property of the Radon transform is used in this
project for extracting the features of the finger
knuckle print image and then utilized it for person
recognition. Accuracy of about 97.25 is obtained
by using this methodology which is exceptionally
well and proved it as a very good tool for the
recognition of a person. This work also present the
performance comparison of various classifier i.e.
BPN, RBFN, KNN and Naive Bias. From the result
obtained it is evident that RBFN is best in term of
accuracy of recognition among all the above
mentioned classifier and therefore is most suitable
for classification purpose.
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