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Abstract. With the increasing needs in security systems, palm vein authentication is one of the
important and reliable solutions for identity security for biometrics based authentication systems.
Palm vein, as a biological characteristic of an individual, has been increasingly utilized for
personal authentication in advanced security applications. Palm vein patterns are a unique
attribute of everyone and can therefore be used as a biometric characteristic. The human palm
vein pattern is extremely complex and it shows a huge number of vessels. The biometric
information is located inside the human body, and therefore it is protected against forgery and
manipulation. In the proposed method, the Multilevel Gaussian-Second-Derivative (MGSD) is
proposed for enhancement the palm vein images. Secondly, a new feature extraction method
based on Steerable filter and Locality Sensitive Discriminant Analysis is proposed called
Steerable - Locality Sensitive Discriminant Analysis (SLSDA). Finally, the Correlation Distance
method is proposed for verify the tested palm vein. The EER to the proposed authentication
system is 0.1087%.

1. Introduction numbers (PINs), magnetic swipe cards,
keys, smart cards, etc. Each of these offers
only limited security. Many biometric
recognition systems have been proposed,
based on various human physiological
) features or behaviours including facial
access to  constructing or to computer images, hand geometry, fingerprints, palm
systems, it is necessary to used an access prints, retinal images, handwritten signature
control  system.  Traditional  personal and gait to improve the security of personal
verification methods rely heavily on the use verification [1]. Recently, the palm vein

of  passwords, personal identification pattern is a new biometric technology has

The human recognition to the wvein
patterns has been prefer by its value of
application in the security system. Wherever
security is required, whether to register
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attracted the notice of biometrics based
identification research community. Palm
vein exhibits some excellent advantages in
application. For instance, apart from
uniqueness, universality, permanence and
measurability [2].

There are many different features in palm
vein images, such as the geometry, the
principal line and the delta point.
Furthermore, hand veins show significant
textural differences and many minutiae,
similar to the ridges and branches of
fingerprints. Many verification technologies
using biometric features of hand veins have
been developed over the past decade. Wang
et al. compared shape and texture-based
methods for vein recognition, based on
Hausdorff distance for shape similarity and
Line Edge Map (LEM) and texture
similarity measured via Euclidean distance
of Gabor magnitude features. For the
experimental used 100 persons, Hausdorff-,
LEM- and Gabor-based methods achieved
accuracies of 58, 66, 80 %, respectively [3].
Wang and Leedham, present another
approach based on hand wvein thermal
imaging for personal authentication. They
proposed the Hausdorff distance to calculate
matching scores between the extracted line
patterns and illustrated promising results [4].
Wang et al. proposed a multimodal personal
identification system where palmprint and
palm vein modalities were combined in a
single image. Locality Preserving Projection
(LPP) was used to extract features of the
fused images, which they called
“Laplacianpalm.” [5]. Kumar et al.
presented a new approach to authenticate
individuals using triangulation of hand vein
images and simultaneous extraction of
knuckle shape information [6]. Chen et.al.
This paper proposed an efficient refinement
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method for palm vein matching by adopting
the iterative closest point (ICP) algorithm,
which can accurately align the rotation and
shift  variations introduced in data
acquisition [7]. Zhou et. al. two palmvein
representations method are proposed, based
on Hessian phase information from the
enhanced vascular patterns in the
normalized images and secondly from the
orientation encoding of palmvein line-like
patterns using localized Radon transform.
The proposed approach is rigorously
evaluated on the CASIA database (100
subjects) and achieves the best equal error
rate of 0.28% [8]. Wang et al. proposed a
thermal palm vein pattern identification
system. The Contrast Limited Adaptive
Histogram Equalization is proposed for
image enhancement. Gabor  wavelet
decomposition proposed in to extract feature
eigenvectors of palm vein patterns. Finally,
the correlation coefficient is proposed to
make the classification decision [9]. Wei-Qi
et. al. a recognition method for palm vein
based on affine geometric properties is
proposed. Firstly, the palm area of the palm

vein image is obtained through image
preprocessing. Secondly, a series of
centroids of palm and segments are

extracted. Feature vectors are constructed
with the area radio of the triangles which are
formed with centroids. Finally, Euclidean
distance is used as the matching criteria
[10]. Junwen Sun and Waleed Abdulla, they
proposed a multiscale curvelet transform as
a feature extraction and used a subset from
the features for matching using Hamming
distance. When wused (40%) from the
features set, the lowest EER is 0.66% [11].
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The rest of this paper is organized as
follows. Section 2 describes the image
enhancement. In section 3, describe the
feature extraction methods based on
Steerable- Locality Sensitive Discriminant
Analysis. In Section 4, for the verification
we propose the Correlation distance
Matching  Classifier and  for  the
identification we propose the nearest
neighbor method. Finally, the experimental
result and conclusions are drawn in Section
5. Fig. 1 shown the flowchart of the propose
work.

Enrollment Steps
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Fig. 1 System Flowchart
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2. Image Enhancement

The image should be separated from other
unnecessary data in the captured image such as the
irregular shades and noises that result from the
different thickness between the hand bones and
muscles and the contrast of the image oscillation due
to light intensity fluctuations. It is for this reason that
needed to enhance the quality of the palm vein
images before the extraction of features. Multilevel
Gaussian-Second-Derivative  (MGSD) method is
proposed for image enhancement. The multilevel
second derivative of the Gaussian filter is defined as
[2, 12, 13]:

MGSD(x ',y ', J,6) = ((x 2-5)(y 2-6%) 1 (275™)) exp(-(x *+Vy

)

Where X'=(X—X ) cosd+(y-y,)siné,
y'=—(x—=x)sin@+(y—y.)cosd, (x,Y.)is the

center of the function and o is the scales. The values
of 5and @is set empirically. In the proposed work

the value of JSis (ﬁ,z, Zﬁ) and for ones, 12
different angle filters &, = j /12), where j = {1, 2,

3... 12}) are applied for each pixel, and the maximal
response among these twelve directions is kept as the
final response for the given scales

Enhancement (x,y ) =max(MGSD (x ',y ', ;,6;)*1 (x,Y))

i ={1,2,3} j ={1,2.12}
(2)

Where 1(x,y)is the original image and *
denotes the convolution operation. Fig. 2 has
shown the result of proposed enhancement
method.
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Original Image Enhancement Image

Figure 2. Image enhancement

3. Feature Extraction Based on Steerable-Locality
Sensitive Discriminant Analysis (SLSDA)

The feature extraction step goal to extract the
existing features of the palm vein pattern, from an
im)a} g> that then are going to be used for matching.
In"the ‘propose work, we proposed the steerable filter
for create a bank filters and then extract statistical
features from the convolving images then based on
Locality Sensitive Discriminant Analysis to remove
unnecessary and duplicate features.

3.1 Steerable Filter Bank
The steerable filter enables us to obtain the

response at a distinct orientation as a linear
combination of the responses to a bank of basis

filters, which has following form [14, 15]:
Mk akfi ai
h(x,y) = %77 9(xy) )
ZZ Cox oy
ki (x.Y)

Where g(X,y)is an arbitrary isotropic window

function, g, (xyis a basic filter, «;is the

interpolation coefficient, and M is the order of
steerable filter. The convolution
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of a 2D signal f (x, y) with any rotated version of h(x,
y) can be expressed as

£ =hR) =3, (0, (x) (@)

k=1 i=0
Where X =(X,y), R,is the rotation matrix, and
f (X y)=f(X y)*g,(x,y)are filtered versions
of the signal f(x,y) the weights b (6)are given
by
0,0-Ya, >

meS(k,j,i)

SET A

Where

Sk, j,i)={l,mo<l<k-j;0<m< jik—(I+m)=if

Once the f,;(x,y)are available, f(x)*h(R,X)can

be evaluated very efficiently via a weighted sum
with its coefficients that are trigonometric
polynomials of @. The steerable filter's response at
an arbitrary orientation can be expressed as

f +h, = q, cos(8)" +q, cos(0)"*sin(d) +...+q,, sin(d)"

(6)

Where h,the rotate version of is filter h(x, y), and
0o+ G, ---, Oy Can be determined by the basic filters'

response f, ;(x,y).

3.2 Create Feature Vector

The palm vein image is convolving based on the
steerable filter bank. The features that compute from
each 4x4 sliding block in each convolving image
are the Mean for each column in the block and
Standard Deviation for each column in the block and
the Norm for the siding block. For each block four
mean values, four standard deviation values and one
norm value.
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3.3 Locality Sensitive Discriminant Analysis

Computational intelligence similar to pattern
recognition is frequently confronted with high-
dimensional data. Therefore, the reduction of the
dimensionality is critical to make the manifold
features amenable. Procedures that are analytically
or computationally manageable in smaller amounts
of data and low dimensional space can become
important to produce a better classification
performance [16]. An important question in the
fields of machine learning, knowledge discovery,
computer vision and pattern recognition is how to
extract a small number of good features. A common
way to attempt to resolve this problem is to use
dimensionality reduction techniques [17].

Locality Sensitive Discriminant Analysis, that
exploits the geometry of the data manifold. Firstly,
construct a nearest neighbor graph to model the local
geometrical structure of the underlying manifold.
This graph is then split into within-class graph and
between-class graph by using the class labels. In this
way, the geometrical and discriminant structure of
the data manifold can be accurately characterized by
these two graphs. Using the notion of graph
Laplacian, then can find a linear transformation
matrix which maps the data points to a subspace.
This linear transformation optimally preserves the
local neighbourhood information, as well as
discriminant information. Specifically, at each local
neighbourhood, the margin between data points from
different classes is maximized. LSDA is supervised
feature-selection problem described by [16], which
respects both discriminant and geometrical structure
in the data manifold by building a nearest neighbor
graph. For example, LSDA is widely used in image
processing  recognition.  To  improve the
discriminative  ability of the low-dimensional
features, the class label information is incorporated
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into the feature extraction process. The following
algorithm is describe in [16-18]:
Input: Given m data points x{xl,xz,...,xm}cD n

sampled from the underlying submainfold M , Let
I (X, ) be the class label of X;

Step 1: Built a nearest neighbor graph G to model
the local geometrical structure of M.

Step 2: For each data point X;, find k nearest
neighbors

Step 3: Put an edge between X; and its neighbors.

Step 4: The weight matrix of G can be define as the
following:

A :{1, if x; eN (xj)orx; eN (x;) (7)

ij o, otherwise

Step 5: Construct two graphs (within class graph
G,, and between class graph G, ).

Step 6: For each data point X, , the set N (X, ) can
be naturally split into two subset, N, (X;)and
N, (x;). N, (x;)contains the neighbors sharing

the same label with X, , while N (X;) contains the
neighbors having different labels. Specifically,

N, ) ={x) 1) =1(x;).1< j <k }(8)
N, () ={x! 11(x/) =1 (x;),1< j <k }(9)

Clearly, N,(X;)nN, (x,)=92
N, (X )UN,, (X;) =N (x;).

and

Step7: Let W, and W be the weight matrices of
G, and G, , respectively. We define:
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W _ J L if x;eNy (x)orxeNg (x;)
b,ij = |0, otherwise

(10)

Step8: W =W, +W, and the nearest neighbor graph
G can be thought of as a combination of within-class
graph G,, and between-class graph G, . Step9: Let

Y =(Y, Y, Y,) besuch a map. A reasonable

criterion for choosing a “good” map is to optimize
the following two objective function:

min > (y; =y )W, ; (11)
ij

maXZ(yi -Y; )Z\Nb,ij
ij
(12)

In the proposed work, the features vector that created
from the convolving images and based on Locality
Sensitive Discriminant Analysis to project that
features vector from high dimension space to low
dimension space. That features vector is called
Steerable Locality Sensitive Discriminant Analysis
(SLSDA).

4. Matching

As any biometric system, the palm vein recognition
is also based on pattern classification. Hence, the
discriminability of the proposed SLSDA determines
its reliability in personal authentication. To test the
discriminability of the extracted SLSDA, The
correlation metric method is used to compute the
matching between the train set and test set. As any
biometric system, the palm vein recognition is also
based on pattern classification. Hence, the
discriminability of the proposed features vector
SLSDA method, this determine its reliability in
personal authentication. To test the discriminability
of the extracted features vector, the correlation
metric measure classifier here is adopted for
classification. The classifier is defined as [19]:
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(13)

t=arg min d(x,,y; )
(o

Yt

(x,~x)(y,—y)

d(x.‘_*y{”)zl - — — — —
S TR Y L T

(14)

Where X, is the feature vector of an unknown
sample and ytk represent the train features vector
the kth class, C , is the total number of templates in
the kth class, and d (x,y ) is the correlation metric
measure. Using similarity measure d (x.,y,), the

feature vector X is classified into the 7 th class.

5. Experiential Result

Our experiments are performed to evaluate the
effectiveness of proposed palm wvein verification
methods based on PolyU database. The biometric
research centre at the Hong Kong Polytechnic
University has developed a real time multispectral
palm print capture device which can capture palm
print images under blue, green, red and near-
infrared (NIR) illuminations, and has used it to
construct a large-scale multispectral palmprint
database. The database contains 6,000 images from
500 different palms for each one illumination. The
proposed method used the near-infrared (NIR)
illuminations images of PolyU multi-spectral palm
print database [20].

Each person has 12 palm vein images. We use 6
palm vein image for the enrollment and 6 images for
the test of each individual in our experiments. We
used the Equal error rate (EER) for performance
measures. The EER is the point where FRR is equal
to FAR, and the smaller EER indicates a better
performance. Fig. 5 (a) showed the distribution
between genuine user and impostor and Fig.5 (b)
shown the ROC curve for the proposed system.
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Fig. 5. (a) Distribution of the Genuine user and Impostor. (b) ROC
Curve.

In this paper, we also make a comparison
between the proposed method and the methods of the
ICP [7] and Curvelet Transform [11], the researchers
are worked on the PolyU database. TABLE 1 show
that our method outperforms the other two methods
in terms of EER.

TABLE I. THE EER COMPARATION WITH OTHET METHOD

Our ICP Curvelet
method Transform
EER% | 0.1062 | 0.557 0.66
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6. Conclusion

This paper has addressed the problems of palm
vein segmentation and verification. The MGSD
filters are exploited to extract palm vein pattern. The
SLSDA features are extracted based on steerable
filter bank and Locality Sensitive Discriminant
Analysis to describe the palm vein pattern. Then the
matching SLSDA feature associations between the
registered and test images are computed using
Correlation distance to verify the personal
identification. At last, the experimental results
illustrate that our matching method effective and
competitive with other approaches in the literature.
In the future, we intend to fuse another type of the
palm vein features. By the proposed method we get a
lower EER value equal to 0.1062%.

References

[1] Yen-Po Lee: Palm vein recognition based
on a modified (2D)’LDA, Signal, Image
and Video Processing. (2013), p. 1-14.

[2] Jinfeng Yang, Yihua Shi, Jinli Yang:
Personal identification based on finger-vein
features.Vol. 27 (2011) 1565-1570.

[3] Feng Yue, Wangmeng Zuo, Kuanguan Wang: A
Performance Evaluation of Filter Design and
Coding Schemes for Palmprint Recognition.
19th International conference on Pattern
Recognition, ICPR 2008

[4] LingyuWang, Graham Leedham, David Siu-
Yeung Cho: Minutiae feature analysis for infrared
hand wvein  pattern  biometrics.  Pattern
Recognition. Vol. 41 (2008), p. 920 — 929.

[5] Wang, J.G., Yau,W.Y., Suwandy, A.: Fusion of
palmprint and palm vein images for person
recognition based on laplacianpalm feature.
Pattern Recognit. Vol. 41, (2008), p. 1514-1527.

68

Ali. M

[6] Ajay Kumar, K. Venkata Prathyusha: Personal
Authentication using Hand Vein Triangulation
and Knuckle Shape. IEEE Transactions on Image
Processing vol. 38, (2009), p. 2127-2136.

[7] Haifen Chen Guangming Lu Rui Wang: A New
Palm Vein Matching Method based on ICP
Algorithm. 2nd International Conference on
Interaction Sciences: Information Technology,
Culture and Human, ICIS (2009). p. 1207-1211.

[8] Yingbo Zhou, Ajay Kumar: Contactless Palm
Vein Identification using Multiple
Representations.  4th  IEEE  International
Conference on Biometrics: Theory, Applications
and Systems, BTAS (2010).

[9] Ran Wang, Guoyou Wang, Zhong Chen, Jianguo
Liu, and Yu Shi: An Improved Method of
Identification Based on Thermal Palm Vein
Image. 19th International Conference on Neural
Information Processing, ICONIP (2012).

[10] Wei-Qi Yuan and Wei Li: A Palm Vein Feature
Extraction Method based on Affine Invariant.
IEEE International Conference on Robotics and
Biomimetics (2012)

[11] Junwen Sun, Waleed Abdulla: Palm Vein
Recognition using Curvelet Transform. 27th
Image and Vision Computing New Zealand
Conference, IVCNZ (2012).

[12] Somsak Choomchuay, Keokanlaya Sihalath: An
Application of Second Derivative of Gaussian
Filters in Fingerprint Image Enhancement. 4th
International Conference on Bioinformatics
and Biomedical Engineering, iCBBE (2010).



Journal of AL-Qadisiyah for computer science and mathematics
Vol.9 No.l Year 2017

[13] Ritwik Kumar, Amelio V’azquez-Reina,
Hanspeter Pfister: Radon-Like Features and
their Application to Connectomics. IEEE
Computer Society Conference on Computer
Vision and Pattern Recognition - Workshops,

CVPRW 2010, p. 186-193.

[14] Zichao Li, Kuanquan Wang, and Wangmeng
Zuo: Finger-Knuckle-Print Recognition Using
Local Orientation Feature Based on Steerable
Filter. 8th International Conference on
Emerging Intelligent Computing Technology
and Applications, ICIC 2012, p. 224-230.

[15] Mathews Jacob, Michael Unse: Design of
Steerable Filters for Feature Detection Using
Canny-Like Criteria. IEEE Transaction on
Pattern Analysis and Machine Intelligence,
VOL. 26, (2004), p. 1007-1013.

69

Ali. M

[16] Nurnadia M. Khair, M. Hariharan, S. Yaacob,
Shafriza Nisha Basah : Locality sensitivity
discriminant analysis-based feature ranking of
human emotion actions recognition, journal of
Physical Therapy Science, 2015 Aug; 27(8):
2649-2653.

[17] Deng Cai, XiaofeiHe, Kun Zhou, Jiawei Han
and Hujun Bao: Locality Sensitive Discriminant
Analysis, 1JCAI. 2007.

[18] Jin, Yi, and Qiugi Ruan. "Orthogonal Locality
Sensitive  Discriminant  Analysis for Face
Recognition.”, Journal of information science
and engineering 25, 419-433 (2009).

[19] Annemarie Nadort, “The Hand Vein Pattern
Used as a Biometric Feature”, Master Literature
Thesis Amsterdam - May 2007.

[20] Multispectral PolyU
www4.comp.polyu.edu.hk/~biometrics/.

database,



Journal of AL-Qadisiyah for computer science and mathematics
Vol.9 No.l Year 2017

Ali. M
S 58 Cpuna gjs
A8l daala
e plaall L o1 4S5 g o gaalad) o gl Al
s alddaall

Gl i Sl alaie YL 4y gel) dial Cay yatl Jslal) 3isl 5 aal (e 2nls 58 2l (ol 8 asa callail) AaY Aalall 3005 ae

gased addll 3 jaeas 8 B (ailiad Jaad (A A Gl 35 Zasas 2 Al daa LU Gliial gall (e (o8 ) Gl )3 yie )

a8 o A el Claglaall 33 )5Y) e S 2o JSG Lgiaalia (Kay g iae JSn el 5 8a8ea i oo Gl b Ol

B e (el Al afiul o3 Ca olS Il ghise Badata oz yiall Jaall (8 el 5y B (e Aanae ed S Gt ana JAND

Locality Sensitive Discriminant s Steerable filter slaic YL clical sall (adainy da e suaa 44 Hla (il Al
0.1087%. 5 4 yiiall 43 yhall FER .l 33551 (e Gaill Lol ;¥ Adlse aladind) o el 2 asladinl o5 Analysis

70



