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Abstract— Palm vein recognition systems are one of the newest 
biometric technologies to have arisen in the recent past. Palm 
vein authentication uses the vascular patterns of an individual's 
palm of the hand as personal identification data. Veins and other 
subcutaneous features in the human hand present large, robust, 
stable and largely hidden patterns. In the proposed work, we 
present a palm vein verification system. In the proposed work, 
the Gaussian-Second-Derivative (GSD) is proposed for 
enhancement the palm vein images. Secondly, a new feature 
extraction method based on Gabor filter and Fisher 
Discriminated Analysis (FDA) is proposed called Gabor Fisher 
Vein Feature (GFVF). Finally, the Cosine Distance method is 
proposed for verify the tested palm vein. The EER to the 
proposed system is 0.0333%.

Keywordst; Palm Vein; GSD ; Gabor Fisher Vein; Cosine
Matching.

I. INTRODUCTION

Biometrics is the science of identifying a person using their 
physiological or behavioral features. Recently, vein pattern 
biometrics has attracted increasing interest from both research 
communities and industries. A vein pattern is the physical 
structure of the vast network of blood vessels underneath a 
person’s skin [1]. Recently, a new biometric technology based 
on human palm vein patterns has attracted the attention of 
biometrics based identification research community. 
Compared with other traditional biometric characteristics 
(such as face, iris, fingerprint, etc.), palm vein exhibits some 
excellent advantages in application.  For instance, apart from 
uniqueness, universality, permanence and measurability [2].  
Palm vein hold the following merits [3]:

• 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.

• The position of the palm vein vessels remain the 
same for the whole life and its pattern is absolutely 
unique.

• Skin colour, skin dirtying, surface wounds, skin 
humidity, skin temperature, aging do not have major 
influence to enroll and to authenticate the palm vein 
pattern correctly.

Many studies on vein recognition methods are proposed. 
Lingyu Wang et al. analyzed the infrared back hand image. 
They used the minutiae features extracted from hand vein 
pattern for recognition. This pattern includes bifurcation point 
and ending point as fingerprint. However, they evaluated the 
method using small database (141 images), making it hard to 
draw strong conclusions [4]. Zhongli Wang et al. used Gabor 
wavelet is exploited to extract the discriminative feature. Two 
kinds of shape matching methods are used, which are based on 
Hausdorff distance and Line Edge Mapping (LEM) methods. 
In evaluate the system performance, a dataset of 100 persons 
of different ages above 16 and different gender, each has 5 
images per person is used. Experimental results show that 
Hausdorff, LEM and Gabor based methods achieved 58%, 
66%, 80% individually [5]. Jian-Da Wu and Siou-Huan Ye
extracted the features using Radon transform. The Radon 
transform can concentrate the information of an image in a 
few high-valued coefficients in the transformed domain. The 
neural networks are used to develop the training and testing 
modules. The artificial neural network techniques using radial 
basis function network and probabilistic neural network are 
proposed to develop a driver identification system. The 
experimental results indicated they proposed system performs 
well for personal identification. The average identification rate 
of PNN network is over 99.2% [6]. Ajay Kumar and K. 
Venkata Prathyusha computed the minutiae triangulation 
based on these minutiae points. Since most of the vein 
information has been missed during minutiae features 
extraction, vein recognition systems based on minutiae 
features can hardly get a high accuracy [7]. Wonseok Song et 
al. used the mean curvature method to views the vein image as 
a geometric shape and finds the valley-like structures with 
negative mean curvatures. Then the matched pixel ratio is used 
in matching vein patterns [8]. Jen-Chun Lee consider the palm 
vein as a piece of texture and apply texture based feature 
extraction techniques to a palm vein authentication. A 2D 
Gabor filter is applied for extracting the local features in the 
palm vein. The researcher proposed a directional code 
technique to encode the palm vein features in bit string 
representation called vein code. The similarity between two 
vein codes is measure by normalized Hamming distance [9]. 
Kuanquan Wang et al. the finger vein recognition has been 
identified using local binary pattern variance (LBPV). Global 
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matching method is used to get more speeding and to decrease 
feature dimensions using distance measurement. The 
classification rate of this method is tested using support vector 
machine (SVM) [10]. Junwen Sun and Waleed Abdulla
worked Multispectral PolyU database, they used a multiscale 
curvelet transform as a feature extraction and used a subset 
from the features for matching using Hamming distance.
When used (40%) from the features set, the lowest EER is 
0.66% [11]. Wei Bu et al. proposed vein feature representation 
method called orientation of local binary pattern (OLBP) 
which is an extension of local binary pattern (LBP). Based on 
OLBP feature representation, construct a hand vein 
recognition system employing multiple hand vein patterns 
include palm vein, dorsal vein, and three finger veins (index, 
middle, and ring finger). Images vein are enhanced using 
Gaussian matched filter, and extracted OLBP features and 
matched. Finally, the matching scores are fused using support 
vector machine (SVM) to make a decision [12]. In our 
previous work, Histogram Equalization is proposed for the 
image enhancement. The Gabor filter is proposed to use with 
real part and imaginary part by 8 scales and 8 directions. The 
Euclidean Distance classifier is proposed. The EER to that 
system is 0.2335% [13].

The rest of this paper is organized as follows. Section 2 
describes the preprocessing. In section 3, describe the feature 
extraction methods based on Gabor Fisher Vein. In Section 4, 
we describe the Cosine Matching Classifier. Finally, the 
experimental result and conclusions are drawn in Section 5.
Fig. 1 shown the flowchart of the propose work.

Figure 1. Flowchart of the proposed work

II. PREPROCESSING
In order to get good performance of an identification and 

verification the system depends on the quality of palm vein 
images. 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. Gaussian-Second-
Derivative (GSD) method is proposed for image enhancement.
The second derivative of the Gaussian filter is defined as [14-
16]:

2 2 2 2 10 2 2 2( ', ', , ) (( ' - )( ' - ) / (2 ))exp(-( ' ' ) / )GSD x y x y x yδ θ δ δ πδ δ= +     (1)

where ' ( )cos ( )sin ,x x x y yθ θ= − + −� �

' ( ) sin ( )cosy x x y yθ θ= − − + −� � , ( , )x y� � is the center of the
function and σ is the scales. The values of δ and θ is set
empirically. In the proposed work the value of δ is
( 2,2,2 2) and for one δ , 12 different angle
filters /12j jθ π= ), 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

                ( , ) max( ( ', ', , )* ( , ))
{1,2,3}, {1,2..12}

ij ijEnhancement x y GSD x y I x y
i j

δ θ=

= =
          (2)

where ( , )I x y is the original image and * denotes the 
convolution operation. Fig. 2 has shown the result of proposed 
enhancement method.

Figure 2. Image enhancement

III. GABOR FISHER VEIN FEATURE (GFVF)
A. Gabor  Filter

For the palm vein, the network of veins is usually stable,
since it cannot be broken unless palm veins suffer rupture. 
Hence, methods describing the palm vein textures more 
reliably often are desirable for palm vein feature extraction. In 
the spatial domain, Gabor filters have been widely used for 
analyzing texture information, and have been demonstrated that
they were powerful in capturing some specific local
characteristics in an image. A bank of Gabor filters therefore is 
designed to acquire the palm vein features in the spatial domain
[2]. In the spatial domain, Gabor filters have been widely used
for analyzing texture information, and have been demonstrated
that they were powerful in face, iris, fingerprint, palmprint and 
finger-vein recognition [17]. Using Euler formula, Gabor filter
can be decomposed into a real part and an imaginary part. The
real part, usually called even-symmetric Gabor filter, is suitable
for ridge detection in an image, while the imaginary part,
usually called odd-symmetric Gabor filter, is beneficial to edge 
detection. Since the palm veins appear dark ridges in image 
plane, even-symmetric Gabor filter here is used to exploit the 
underlying features from the palm vein network. A 2-D real
Gabor filter is defined as following [13, 18]:

  2 2 2 2( , ) exp{ 0.5(( ) ( ))}cos(2 )mk x y mk kG x y K x y f xθ θ θσ σ π= − +           (3)

                
cos sin
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x x
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Where 1 / 2 x yK πσ σ= and mkf is the frequency of the 
sinusoidal plane wave, xσ and yσ are the space constants of 
the Gaussian envelope along xθ and yθ axis respectively, θ 
denotes the orientation of Gabor filter, m is the scale index and 
k is the channel index. In [2] determine the relation between 
the σ and mkf . The mkf is change with the orientations as 
following:

           1 ( ln 2 / 2)((2 1) (2 1))mk mk
mkf φ φσ π= + −� �      (5)

where ( [0.5,2.5])mkφ ∈� denotes the spatial frequency 
bandwidth of a Gabor filter at the kth channel and m scale. 
Here, the constrain to φ� is imposed as 

1 5 2 3 4 2 8 3 7 4 6, , ,φ φ φ φ φ φ φ φ φ φ φ< < < < = = =� � � � � � � � � � � . 
In the proposed work we used m=2 and k=8 

and ( / 8)k kθ π= . Assume I(x, y) is the enhanced image from 
GSD method. We create a bank of Gabor filter with 16 filters 
(2 scales 8 channels). 

                       ( , ) ( , )* ( , )mkF x y G x y I x y=                   (6)
F(x, y) denoted the result from the convolution operation.   

Fig. 3 showed the Gabor filter bank and Fig. 4 shown the 
result of convolution operation.

Figure 3. Gabor Bank

Figure 4. Convolution Operation 

B. Fisher Discriminated Analysis

Fisher Discriminated Analysis (FDA) is a well-known 
approach for feature extraction and dimension reduction. It 
computes a linear transformation by maximizing the ratio of 
between-class distance to within-class distance, thereby 
achieving maximal discrimination [19]. FDA finds the set of 
the most discriminated projection vectors that can map high 
dimensional samples onto a low-dimensional space. Using the 
set of projection vectors determined by FDA as the projection 
axes, all projected samples will form the maximum between-
class scatter and the minimum within-class scatter 
simultaneously in the projective feature space [20].The FDA is 

find the set of basis vectors which maximizes the ratio 
between class scatter and within class scatter [21-24]. Let the 
between class scatter is define as following:

                        1

( )( )
c

T
B i i i

i

S N μ μ μ μ
=

= − −∑
                     (7)

within the class scatter matrix be define as following:

            
( )( )

1 k i

c
T

w k i k i
i x X

S x xμ μ
= ∈

= − −∑ ∑
                 (8)

where iμ is the mean image of class iX , and iN is the number 

of samples in class iX . If wS is a non-singular, the optimal 

projection optW is chosen as the matrix with orthonormal 
columns which maximizes the ratio of the determinant of the 
between class scatter matrix of the projection samples to 
determinant of the within class scatter matrix of the projection 
samples, i.e.:

arg max T T
opt B Ww

W W S W W S W=

                          1 2[ , ,.., ]mW W W=                                     (9)
Where { }1, 2, ,iW i m= … is the set of generalized eigen-

vector of BS and WS corresponding to the m largest 

generalized eigen-vector { }1, 2, ,i i mλ = … i.e.

                    , 1,2,....,B i i w iS w S w i mλ= =                    (10)
To avoid the difficulties of a singular wS , substitute the 

principle in Eq. (9). This method, which we call FisherVein, 
avoids this problem by projecting the images set to a lower 
dimensional space so that the resulting within class scatter 
matrix wS is non-singular. This is implementing by using PCA 
to reduce the dimension of the feature space to N c− and then 
applying the standard FLD defined by Eq. (9) to reduce the 
dimension to 1c − .The optW will become [21]:

                           
T T T

opt fld pcaW W W=                                           (11)
where

           
                          arg max T

pca TW
W W S W=

     arg max T T T T
fld pca B pca pca W pcaw

W W W S W W W W S W W=    (12)

Assume a N N× palm vein image can be considered as a 
2N vector and each pixel corresponds to a component. That is, 

N N× palm vein images can be regarded as points in a high
dimensional space (N2-dimensional space), called the original 
palm vein space (OPVS). Generally, the dimension of the 
OPVS is too high to be used directly. For example, the 
dimension of the original 128X128 palm vein image space is 
16,384 and in the proposed work each image is convolve using 
Gabor filter with 2 scales and 8 channels that mean each 
image space multiply by 16 (16*16384). We should, therefore, 
reduce the dimension of the palm vein image and, at the same 
time, improve or keep the discriminability between palm vein 
classes. GFVF is created by convolve the palm vein image 
with Gabor filter and then projection the filtered image to low 
space and considering it as a feature vector. In the proposed 
work the PolyU database contain 6000 images for 500 
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persons. Each one has 12 images. We select randomly 6 
images for training and the other for testing. The FDA is 
execute on the training set and compute the Eigen vectors and 
projected to low dimension space. By using the same Eigen 
vector that computed form training set to project the testing 
set.   

IV. MATCHING SCORE COMPUTATION

As any biometric system, the palm vein recognition is also 
based on pattern classification. Hence, the discriminability of 
the proposed GFVF determines its reliability in personal 
identification. To test the discriminability of the extracted 
GFVF, the cosine similarity measure classifier here is adopted 
for classification. The classifier is defined as [2, 25]:

arg min ( , )
K
m K

K
m m

R C
R Rτ ϕ

∈
=    

                  ( )( , ) 1K T K K
m m m m m mR R R R R Rϕ = −                 (13)

where mR and K
mR , respectively denote the feature vector of 

an unknown sample and the kth class, KC is the total number 
of templates in the kth class, • indicates the Euclidean norm, 

and ( , )K
m mR Rϕ is the cosine similarity measure. Using 

similarity measure ( , )K
m mR Rϕ , the feature vector mR is 

classified into the τ th class.

V. EXPERMINTAL RESULT

Our experiments are performed to evaluate the 
effectiveness of proposed palm vein 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 [26].

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 two performance
measures, namely the false rejection rate (FAR) and the false 
acceptance rate (FRR). For computing FRR value, we 
compare the biometric reference with all samples of the same 
individual. For computing FAR value, we compare the 
biometric reference of an individual with all samples from 
different individuals. We plot the disparities distribution 
between intraclass and interclass matching result. It shows the 
separation between genuine and impostors. Our receiver 
operating characteristic (ROC) curve is between FRR and 
FAR. Equal error rate (EER) is the point where FRR is equal 
to FAR, and the smaller EER indicates a better performance. 

In our system we have many steps as image enhancement and 
the feature extraction based on Gabor filter and Fisher 
Discriminated Analysis. Fig. 5 shown the distribution between 
genuine user and impostor and Fig.6 shown the ROC curve 
when implement the system without image enhancement.

Figure 5. Distribution of the Genuine user and Impostor without Enhancement

Figure 6. ROC Curve without Enhancement
As show form the above figures (5 and 6) the 

enhancement step is very important because the images is not 
clear and have some noise. The value of EER is 19.5896% to 
the system when implement without image enhancement. Fig. 
7 shown the distribution between genuine user and impostor 
and Fig.8 shown the ROC curve when implement the system 
without using Fisher Discriminated Analysis.

Figure 7. Distribution of the Genuine user and Impostor without FDA
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Figure 8. ROC Curve without FDA
As show form the above figures (7 and 8) the FDA step is 

very important because it can remove all the redundancy in the 
values of the Gabor coefficients. The value of EER is 
10.7322% to the system when implement without FDA. Fig. 9
shown the distribution between genuine user and impostor and 
Fig.10 shown the ROC curve when implement the system with
all steps that shown in the Fig.1.

Figure 9. Distribution of Genuine user and Impostor

Figure 10. ROC Curve 
As show form the above figures (9 and 10) the system get 

better performance and smallest value of EER is equal to 
0.0333%. That result is get when implement the system with 

image enhancement that removes all the noise and the blurred
the vein image. And also the combination between the Gabor 
filter with FDA and created the GFVF is best method for 
extracted the vein features vector.

In this paper, we also make a comparison between the 
proposed method and the method of the Curvelet Transform
[11], the researchers are worked on the PolyU database. And
the Orientation of LBP [12], implemented the researcher 
method and tested on PolyU database. TABLE 1 show that our 
method outperforms the other two methods in terms of EER. 
Because our proposed method has image enhancement method 
with GFVF and the cosine distance classifier it allows a good 
separation between genuine user and impostors.

TABLE I. THE EER COMPARATION WITH OTHET METHOD 
Our method Oriented 

LBP
Curvelet 

Transform
EER% 0.0333 0.1559 0.66

VI. CONCLUSTION 

This paper has addressed the problems of palm vein 
segmentation and verification. The GSD filters are exploited 
to extract palm vein pattern. The GFVF features are extracted 
based on Gabor filter with 2 scales and 8 channels and 
combine with the Fisher Discriminated Analysis to describe 
the palm vein pattern. Then the matching GFVF feature 
associations between the registered and test images are 
computed using Cosine 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 0.0333%.
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