
 

Abstract—Palm vein authentication is one of the modern 

biometric techniques, which employs the vein pattern in the 

human palm to verify the person. The merits of palm vein on 

classical biometric (e.g. fingerprint, iris, face) are a low risk of 

falsification, difficulty of duplicated and stability.  

With the expanding application of palm–vein pattern 

recognition, the corresponding databases available for public use 

are rare and their growth has resulted in a long response time 

where the algorithms used for identification are complicated.  

To simplify the identification process and add more public 

databases, this paper proposes a new algorithm for palm–vein 

identification using Gabor filter. Firstly, images are exchanged 

using   Gaussian filter and histogram equalization and then the 

features are extracted by using bank of Gabor filters. Then, we 

apply L2-max norm of superposition to the output of Gabor filter 

to reduce the dimension of the features vectors. Finally, Nearest 

Neighbors and support vector machine classifiers are used for 

palm vein verification.  

Our proposed method is evaluated by using a public dataset, 

namely VP base and our database where images are captured 

from a Christie flex and vision camera.  

The efficiency of the identification process by the proposed 

methods is high compared to traditional methods, where 

simplified extraction features methods is used. The experimental 

results confirm that the proposed approach is efficient compared 

to the traditional methods. 

  

Keywords—Gabor Filter, L2 max superposition, nearest 

neighbors’ method, support vector machine.  

I. INTRODUCTION 

HE problem of truly identifying individuals in our 

society has become bigger in recent years, due to our 

complex, mobile and vastly interconnected information society 

[1]. Nowadays, determining the identity of a person is 

becoming very important.   The most secure way of identifying 

people is said to be the verification of a concrete entity, 

inherently belonging to this person. This is what biometrics is: 

the automated use of physiological or behavioural 

characteristics to determine or verify identity [2]. The security 

of biometric identification has however been questioned, 

especially for established techniques like fingerprint 

verification [3]. A relatively new biometric feature is the hand 

vein pattern.  

 

The vein information is hard to duplicate since veins are 

internal to the human body. The palm vein authentication 

technology offers a high level of accuracy. Palm vein 

authentication uses the vascular patterns of an individual's 

palm as personal identification data. Compared with a finger or 

the back of a hand, a palm has a broader and more complicated 

vascular pattern and thus contains a wealth of differentiating 

features for personal identification [4]. The importance of 

biometrics in the current field of Security has been depicted in 

this work. 

II. PROBLEM STATEMENT 

    There are two fundamentally distinct types of 

identification problems; the first is verification and the second 

is recognition. Both problems are very challenging and have 

different complexities. A practical approach is to reduce the 

problem of verification of a person’s identity is to the problem 

of verification of a concrete entity related to the person. These 

entities can be categorized into:   

- Something that you have in your possession, such as an ID 

or member card. Or in a more general way: everybody allowed 

in a building has a key that identifies this group.  

- Something that you know, such as a password and login for 

a computer. Some systems combine the first and second 

entities, e.g. the ATM card and PIN code combination. 

- Something that you are or that you do, which is the 

measurement of the physical or behavioural characteristics of a 

person. This is essentially what biometrics is. Examples of 

biometric features are the fingerprint, iris, ear, gait, keystroke 

dynamics, voice, signature, DNA, hand geometry, hand vein 

pattern, etc.   

These three levels also incorporate an increasing level of 

security where the first category is the least secure, and the last 

one is said to reach the highest level of security. Therefore, it 

is logical that the use of biometrics is seen as an exciting 

solution to many security and identification problems.  

A lot of drawbacks are still attached to this promising 

technology, and a lot of countermeasures have to be taken for 

the biometric identification systems to live up to their big 

promises. The many different biometric features that are 

optional for identification all have their individual pros and 

cons. Especially for the more established biometrics features, 

such as the fingerprint, the disadvantages are well-known.  
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Many disadvantages are related to the reliability of the 

method, particularly in the light of impostor attacks at security 

systems. In fingerprint technology the main threat is the ease 

with which you can obtain somebody’s fingerprint. People 

leave their fingerprints everywhere; on everything they touch. 

In addition, many techniques to make artificial fingerprints 

with gelatine or silicon are available.  

Partially to overcome these problems of leaving your 

biometric feature behind for anybody to copy, hand vein 

pattern recognition techniques are developed. The 

characteristics of the vascular structure in the hand or finger 

are captured and used for identification. This relatively new 

biometric identification technique is thought to be a promise 

for the future. 

Palm vein authentication uses an infrared beam to penetrate 

the users hand as it is held over the sensor. Palm vein 

authentication has a high level of authentication accuracy due 

to the uniqueness and complexity of vein patterns of the palm. 

Because the palm vein patterns are internal to the body, this is 

a difficult method to forge. Also, the system is contactless and 

hygienic for use in public areas. 

The cost of implementing palm vein biometric technology is 

significantly higher when compared to fingerprint recognition 

technology. This a compromise between cost and accuracy. As 

the quality of the sensor increases, the resolution of images 

increases and the expected accuracy of the recognition system 

increases where the cost of the sensor device increases. Here 

comes the role of the implemented algorithm in using features 

extracted from low resolution images of palm hand veins and 

giving high performance of recognition.  

With the expanding application of palm–vein pattern 

recognition, the corresponding databases available for public 

use are rare and their growth has resulted in a long response 

time where the algorithms used for identification are 

complicated. This makes simplifying the identification process 

and adding more public databases, a new challenge in using 

this identification modality. 

The main objective of this paper is to develop an accurate 

and efficient personal identity verification system based on 

hand palm vein patterns using easier and simplified acquisition 

of data with good performance comparable to established 

biometric verification methods. 

 

III. STATE OF THE ART 

Palm vein recognition is developing a new direction in 

biometric identification technology. It has been the interest of 

researchers from many years because of vein’s uniqueness, 

stability, and not easily spoofed and damaged characteristics. 

From more than eight years, researchers studied how to 

enhance the accuracy of palm vein identification. Zhang et al. 

[5] developed a palm vein recognition system that uses blood 

vessel patterns as a personal identification factor. In this paper, 

the features are extracted from multi-spectral palmprint images 

using Gabor filters and employed score level fusion to obtain 

matching score. They used the PolyU database of 250 users 

and resulted in performance of EER 0.012%. Hao [6], 

discusses about OLOF features from fusing palm images which 

have been considered for recognition using hamming distance. 

It uses 165 users and the performance rate gives EER of 0.5%. 

Deepamalar and Madheswaran [7], discusses the shape and 

texture features; which have been considered for recognition of 

authenticated users and it was validated using neural network 

classifier. It is found that the recognition accuracy was 99.61% 

when the multimodal features fused at matching score level. 

This proposed multimodal system was expected to provide 

reliable security. 

Harmer and Howells [8], did an investigation into the 

feasibility of applying the palm-vein biometric modality within 

a template-free key generation framework were conducted. 

The experiments resulted in both the key reproducibility and 

key uniqueness rates achieving 100% with considerable 

effective key length. Hartung Olsen, Xu, and Busch [9], shows 

an approach to extract vein minutiae and to transform them 

into a fixed-length, translation and scale invariant 

representation where rotations could be easily compensated. 

The proposed solution based on spectral minutiae was 

evaluated against other comparison strategies on three different 

datasets of wrist and palm vein samples. 

Xuekui Yan , Wenxiong Kang , Feiqi Deng , Qiuxia Wu 

[10] have proposed a method for Palm vein recognition based 

on multi-sampling and feature-level fusion to ensure that richer 

feature information can be extracted for better recognition 

performance. He used a bi-directional matching algorithm 

instead of uni-directional matching algorithm for efficient mis-

matching removal. Gitanjali Sikka , Er. Vikas Wasson [11] 

have proposed a method for Palm Vein Recognition with 

Fuzzy-Neuro Technique to enhance the response time and 

accuracy of system. 

Noh et al., [12] represented some overview and challenges 

of palm vein biometric system. Akbar et al., [13] made a palm 

vein biometric identification system using local derivative 

pattern.Lu et al., [14] palm vein recognition using directional 

features derived from local binary patterns.Lan et al., [15] 

made a design based on FPGA-based palm vein acquisition 

system. Dere et al., [16] designed a human identification model 

using palm vein images. 

 

Recent studies use new direction to reach same goals of 

enhancement and accuracy of results. Suganya [17], gives a 

new direction. The field of biometric Cryptosystems analyzed 

with the palm vein image template. 

Pengzhuang Wang [18], proposed a new algorithm of palm 

vein recognition and used local binary pattern (LBP) matching 

strategy to conduct experiments. First, discussed two methods 

to obtain ROI of palm vein. Then the maximal principal 
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curvature (MPC) algorithm and k-means method are utilized to 

extract the features of palm vein. Finally, template matching 

and LBP are used to recognize the feature. A series of 

experiments on CASIA multispectral palm image database 

were conducted. The lowest equal error rate (EER) is 0.01965. 

Dini Fronitasari, Dadang Gunawan, [19], proposed a vein 

extraction method modified of the Local Binary Pattern (LBP) 

combining with Probabilistic Neural Network (PNN) for 

matching. The aim of the proposed system is to improve the 

accuracy of palm vein recognition. Simulation result show that 

the proposed method has a higher recognition rate for palm 

vein recognition comparing to the other basic Local Binary 

Pattern. 

In our work, we proposed using feature extraction technique 

based on Gabor filter bank only but enhancing the image 

quality to a large extent will enhance the accuracy of palm vein 

identification of captured images where Nearest Neighbours 

method and multi support vector machine are used for 

identification and verification. 

 

IV. FRAMEWORK 

As show in fig. 1, the proposed method is consisted of five 

parts as follows: 

(i) Image Acquisition  

(ii) Image pre-processing 

(iii) Region of interest extraction 

(iv) Feature extraction 

(v) Classification 

 

 

 
 

Fig. 1 Block diagram of the proposed framework. 

 

A. Image acquisition 

 

Vein patterns invisible to the naked eyes, can be viewed 

through infrared light that passes through tissues of the human 

body and blocked by pigments such as haemoglobin or 

melanin. As haemoglobin exists densely in blood vessels, 

infrared light shining through causes veins to appear. 

Image Acquisition is the process of getting the images that 

are required for the authentication process. 

In literature, there is different databases used for palm as 

follows [20]: 

 

Data base 

name 

Database size and features 

Fujitsu 

database 

140,000 images (70,000 individuals 

from 5 to 85 years old) 

PolyU 

database 

3000 images (250 individuals) 

VPbase 

database 

600 images (50 individuals) 

 

Table I. Databases used in palm vein authentication research 

 

In our project, we used two databases as follows: 

1. VPbase database: 

Description: It consists of 2400 images presenting human    

vein patterns. Half of images contains a palmar vein pattern 

(1200 images) and another half contains a wrist vein pattern 

(another 1200 images). Data was acquired from both hands of 

50 students; which means it has 100 different patterns for palm 

and wrist region. Pictures were taken in three series, four 

pictures each, with at least one-week interval between each 

series. In case of palm region volunteers were asked to put 

his/her hand on the device to cover acquisition window, in way 

that line below their fingers coincident with its edge. No 

additional positioning systems are used. Images in database 

have 1280x960 resolution and are saved as 24-bit bitmap.  

Images used: images of left hand, where four images of left 

hand of each person are taken based on series one conditions 

(total of 80 images). 

2. Our own database: 

Researchers working on palm vein recognition built their 

own acquisition devices to acquire vein pattern images. This 

resulted in many different proposals for the choice of region of 

interest (ROI), different positioning equipment, various image 

parameters such as resolution, and different image collection 

processes. For those reasons, all these works present different 

protocols and performance results, which in such different 

conditions are thus difficult to compare. To the best of our 

knowledge, there are no works in the literature providing any 

kind of experimental framework, which allows the fair 

comparison of the performance results similar to the new one 

that we present here. 

Images are taken using infra-red camera, Christie flex and 

vision [21]  used in medical field for helping nurses in finding 

the superficial veins for patients for saline injections. 

a. Image capturing process for our work:  

Methods and techniques proposed in various scientific 

papers cannot be replicated due to the lack of the access of the 

original image set. For this reason, we create our own process. 

Images are captured under these conditions where the 

resulting images are noiseless as possible and providing a good 
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contrast between the veins and the surrounding tissues: 

a- 890nm is the wavelength of the camera. 

b- The camera is 30 centimetres far from the hand as 

shown in fig. 2. 

c- Since position invariance is a difficult task, we use 

one approach of positioning of hands. 

d- Left hands are used for all persons. 

e- Sixteen persons’ hands are imaged where ages of 

patients ranged from 19 years old to 60 years old 

– the number is based on number used in 

database. 

f- ID number is used other than names for privacy 

using their left hands. 

g- Four images of each hand are taken (total of 

64images). 

h- Universal mode as imaging suite is used on all 

persons. 

i- Medium window size is used during scanning. 

 

 
Fig. 2 Palm vein-scanning technique. 

 

 

B. Pre-processing 

Many techniques can be used for image enhancement in the 

purpose of clarifying the veins and texture patterns of the hand 

palm. 

In our project, many techniques are used to develop the 

quality of captured images as follows: 

 

i. Grey-level transformation 

 Captured images are transformed to grey for the purpose of 

consistency of the dynamic range of the captured image. 

The normalisation of a grey-scale digital image is performed 

according to the formula [22]: 

   

     (1) 

 

Where g is the normalized pixel, f is the intensity of the 

original pixel, fmin and fmax are the minimum and maximum 

pixel intensity in the image to be “normalized”. 

 

ii. Gaussian filter is used for noise reduction  

It is used for the purpose of neglecting useless data from the 

image. 

 

In signal processing, a Gaussian filter is 

a filter whose impulse response is a Gaussian function (or an 

approximation to it). Gaussian filters have the properties of 

having no overshoot to a step function input while minimizing 

the rise and fall time. A Gaussian filter is similar to the mean 

filter, but it uses a different kernel shape, like a Gaussian 

hump. In palm vein recognition, the Gaussian filter is a 2-D 

convolution operator used to remove detail and noise in an 

image. The Gaussian function can be expressed as [23]:  

    (2) 

Where σ is the standard deviation of the Gaussian 

distribution. A Gaussian mask template is given by the formula 

(3) and (4) [Haddad and Akansu, 1991] [22]. Different 

Gaussian kernel functions can decided by choosing different 

standard deviations and template sizes M×M; 

      (3) 

         (4) 

    

iii. Histogram Equalization  

It is also used as a processing technique to decrease the 

effect of dark background of the images increasing global 

contrast. 

Histogram equalization is a histogram correction method 

based on a transformation of the cumulative distribution 

function, which is generally adopted to increase global 

contrast, in particular where the distribution of grey levels in 

the image is excessively concentrated to a narrow interval [24]. 

The method is useful in images with backgrounds and 

foregrounds that are both bright or both dark. In particular, the 

method can lead to better views of bone structure in x-ray 

images, and to better detail in photographs that are over or 

under-exposed. A key advantage of the method is that it is a 

fairly straightforward technique and an invertible operator. So 

in theory, if the histogram equalization function is known, then 

the original histogram can be recovered. The calculation is not 

computationally intensive. A disadvantage of the method is 

that it is indiscriminate. It may increase the contrast of 

background noise, while decreasing the usable signal. 

This method is used for enhancing image contrast by 

adjusting image intensities. 

If  f be a given image represented as a mr by mc matrix of 

integer pixel intensities ranging from 0 to L – 1 where L is the 

number of possible intensity values, often 256 and p denote the 

normalized histogram of f with a bin for each possible 

intensity. So that [25] 

 
  n = 0, 1, ..., L − 1. 

The histogram equalized image g will be defined by 
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                (5) 

 Where floor () rounds down to the nearest integer. This is 

equivalent to transforming the pixel intensities, k, of f by the 

function 

 
 

The motivation for this transformation comes from thinking 

of the intensities of f and g as continuous random variables X, 

Y on [0, L − 1] with Y defined by  

            (6) 

Where is the probability density function of P. T is the 

cumulative distributive function of X multiplied by (L − 1). 

Assume for simplicity that T is differentiable and invertible. It 

can then be shown that Y defined by T(X) is uniformly 

distributed on [0, L − 1], namely that Py (y) = 1/ L−1. 

 

 

 
 

C. Region of interest (ROI) extraction 

 

In our proposed method, we used Palm Vein ROI Extraction 

based on square Method of size 376x376. 

The following steps are implemented using square method 

[26]: 

1- Determine the joints by scanning the image vertically 

row-by-row (green points) as shown in “Fig. 3 “  

2- Determine the location of the thumb end then start from 

the opposite direction and determine the first joint 

horizontally as the first point (p1) that is shown in figure 

(2.3). The two reference points which will be used to 

draw the ROI are First point between the little finger and 

ring finger as (p1), second point is the point between 

middle finger and index finger as (p3). These points are 

considered as connecting points. 

3- Determine the second point through the third joint and 

draw straight line between the two points (p1, p3). 

4- Rotate image to draw the line of ROI correctly.  

5- From these connected points, draw the rectangle (ROI). 

 

 
Fig. 3 Important points to define the palm [27]. 

 

D. Feature extraction 

There are four common approaches to extract vein pattern 

features: line-based, appearance-based, code-based and texture 

based methods.  

In our work feature extraction technique based on Gabor 

filter which is a type of texture based feature extraction 

techniques. Gabor filter is a band pass filter which have 

orientation selective or frequency selective features and 

optimal joint resolution in both spatial and frequency domain 

[28, 29]. 

In this approach, we apply Gabor filter bank taking into 

consideration the aspect of orientation of palm veins of the 

captured images, and used out as a final feature.  

 

D.1 Gabor filter 

   It  is a band pass filter which have orientation selective 

and frequency-selective features and optimal joint resolution in 

both spatial and frequency domain [30, 31].  

A two dimensional Gabor filter is a combine function with 

two components: a complex plane wave and a Gaussian shaped 

function. It is defined as following: 

                                              

           (7) 

 

 

 
 

Where  is the orientation of Gabor filter, f0 represent the 

filter center frequency, ϭx and ϭy are the scale of the Gaussian 

shape, x0 and y0 are the two vertical Gaussian axes. The most 

important parameters, x f0, ϭx and ϭ y in Gabor function that 

make the filter appropriate for some specific application. The 

Gabor filter can be split to imaginary part and real part. The 

imaginary part (odd symmetric) Gabor filter is used for edge 

detection. The real part (even symmetric) Gabor filter is used 

for detecting the ridge in the image [32, 33].  

To analysis the Gabor filter in terms of real part and 

imaginary part, can be represented as following:  
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    (8) 

where m is the scale index, k is the channel index and mkf 

represents the center frequency of the real part and imaginary 

part of Gabor filter at the kth channel. After create a bank of 

Gabor filter, the enhanced palm image is convolved with the 

Gabor filter (  bank. The best output to the 

Gabor filter is depend on its parameters in palm vein 

recognition where we have various orientations in vein 

network Gabor filter banks are used. 

 

D.2   Gabor filter banks 

Gabor expansion was introduced by a Hungarian-born 

British physicist, Dennis Gabor in 1946, particularly suitable 

for analysis of signals with sharp changes but which stay for a 

small duration of time. It suggests expanding a signal into a set 

of functions that are concentrated in both time and frequency 

[34]. This set of functions, also called the Gabor coefficients, 

plays the main role in analysis of signal’s local properties. 

Gabor expansion can be written mathematically as follows 

[35]:  

         

(9) 

Where, 𝐺𝑚, are called the Gabor coefficients. The set of 

elementary functions ℎ𝑚,n(𝑡) consists of a timefrequency 

shifted function ℎ (𝑡). In practice, to describe the texture of an 

image (𝑥, 𝑦), a filter structure is employed where image is 

filtered using the band pass filters, also called Gabor 

elementary functions (GEF) ℎ (𝑥, 𝑦) to extract a specific 

frequency band from an image. Usually a convolution 

operation (∗) of GEF’s,ℎ (𝑥, 𝑦), with the original image, 𝑖(𝑥, 

𝑦), is employed to obtain a Gabor filtered image, m(𝑥, 𝑦), as 

follows:  

𝑚(𝑥, 𝑦) = |𝑖(𝑥, 𝑦) ∗ ℎ (𝑥, 𝑦)|.                       (10) 

Description of the Gabor elementary functions Gabor 

coefficients or GEF’s are not unique and can be described in 

many different ways. GEF’s are sometimes also referred as 

Gabor wavelets, which are nothing but the Gaussian modulated 

by a complex sinusoid as follows (Super & Bovik, 1991) [36]. 

ℎ (𝑥, 𝑦) = 𝑔(𝑥′ , 𝑦′ )𝑒𝑗2𝜋(𝑈𝑥+𝑉𝑦) .             (11) 

Here, (𝑥′ , 𝑦′ ) = (𝑥 cos ∅ + 𝑗 sin ∅ , −𝑥 sin ∅ + 𝑗 cos ∅)  are 

the rotated rectilinear coordinates in spatial domain, and (𝑈, 𝑉) 

are the particular 2-D frequencies in the complex-sinusoid. The 

2-D Gaussian function (𝑥, 𝑦) with its corresponding Fourier 

transform (𝑢, 𝑣) is given as [37]:               

,         (12) 

 
Here, ([𝑢 − 𝑈]′ ,[𝑣 − 𝑉]′ ) = [(𝑢 − 𝑈) cos 𝜃 + (𝑣 − 𝑉) sin 𝜃 , 

−(𝑢 − 𝑈) sin 𝜃 + (𝑣 − 𝑉) cos 𝜃], are the shifted and rotated 

rectilinear coordinates in the frequency-domain, with 𝜎𝑢 = 

1/2𝜋𝜎𝑥, 𝜎𝑣 = 1/2𝜋𝜎𝑦 characterizing the spatial extent and 

bandwidth of ℎ (𝑥, 𝑦). Filter parameters (𝜎𝑢 and 𝜎𝑣) can be 

computed in several ways. The Gabor wavelets are non-

orthogonal in nature unless they are poorly concentrated in 

time or in frequency domain. While keeping a good time and 

frequency domain concentration, nonorthogonality is 

allowed at the cost of redundant information in the filtered 

image. In order to reduce this redundancy, following 

formulation to compute 𝜎𝑢 and 𝜎𝑣 has been proposed in 

(Manjunath & Ma, 1996) [38]: 

 

     (13) 

Here, 𝑈ℎ  and 𝑈𝑙 are the upper and lower center frequencies 

of interest in the Gabor kernel, 𝑆 is the number of stages and 𝑂 

is the number of orientations used in the multi-scale/ multi-

resolution Gabor decomposition. The choice of Gabor 

coefficients is not restrictive but the foundations for wide 

usage of Gabor filter banks for texture description were mainly 

laid in (Manjunath & Ma, 1996) [167] with the proposal of a 

homogeneous texture (HT) descriptor, and later advocated in 

diverse fields studies (Kandaswamy, et al., 2005) [35], (Riaz, 

et al., 2012) [39].  

 

In literature, most of the proposed algorithms used Gabor 

filter technique as a step of feature extraction process taking 

benefit from the textured features of veins in vein pattern 

recognition and using orientation properties of palm hand 

veins. However, it was popular to add another technique 

besides Gabor filtrations to extract final feature to be used for 

matching. 

In our work, we used only Gabor filtration technique and 

specifically Gabor bank filtration to insure that we can simplify 

the feature extraction process when using good pre-processing 

steps reaching good results with simplified algorithms. 

Listing below in fig. 4 an example of Gabor bank filtration 

of captured images. 

In our work, Gabor filter consists of two parts (a) Gabor 

filter bank part and (b) Gabor features extraction part. Gabor 

filter banks parts generate a custom Gabor filter bank. It 

creates a u by v cell array, whose elements are m by n 

matrices; each matrix being a 2D Gabor filter, whereas Gabor 

features extraction parts extract the Gabor features of an input 

image. It creates a column vector, consisting of the Gabor 

features of the input image.  

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 13, 2019

ISSN: 1998-4510 154



 
Fig.4 Gabor filter bank application on palm veins image. 

 

. 

 

E. Feature Reduction  

As the number of features extracted by the Gabor filter is 

very large, we apply a superposition method L2 max-norm 

type (Euclidean norm) in order to reduce the feature vectors so 

that the final value is the maximum value found by any of the 

filters. 

Euclidean distance is employed for inter-distance 

computation of cross through intersections. Cross through 

intersection were used to reduce time taken for inter distance 

computation. The intersections are gotten by the following 

method: 

 

 
For any nine pixels arranged in any of the two forms above, 

the coordinate of the central pixel is taken as the intersection 

points. The intersections are used in the computation of the 

inter-distance using the Euclidean distance formula.  

                        

                    (14) 

 

Where x0, y0 are coordinates of the first intersection x1, y1 

are coordinates of the second intersection The computed inter-

distances are stored in the created database. When a test 

sample is brought to the system, all the previously analysed 

process performed for the training set is as well performed on 

the test image, after which the stored inter-distances is matched 

with the trained one retrieved from the database to verify if it is 

the same palm sample. 

 

F.  Classification  

It is the most important step that shows the impact of all 

before mentioned steps from capturing tell feature extraction. 

It gives an idea about the success of the framework used in any 

recognition work. 

The classification process must include an important step, 

which is the determination of training and testing datasets 

taking into consideration that as training increase, the accuracy 

of the classifier increase so that to generalize a classifier result 

on datasets a compromise between training and testing must be 

done. 

For vein pattern verification, our method uses: 

 

F.1      Nearest Neighbours method  

K-nearest neighbours classification algorithm can be 

expressed, [40] 

K ← number of nearest neighbours 

For each object Xin the test set do calculate the distance 

D(X,Y) between X and every object Y in the training set 

neighborhood ← the k neighbors in the training set closest to X 

X.class ← SelectClass (neighborhood) 

As seen above an input sample is classified by calculating 

the distance to the training cases, and the minimum of the 

results then determines the classification of the sample. 

Assuming there are c pattern classes denoted by wi ,i ={1, 2, 

…c} , and each pattern class contains N i training samples 

denoted by k , where  v i ,i ={1,2, ..c} , k ={1,2,..Ni}, the 

discriminant function is: 

                          (14) 

The decision rule is: 

         (15) 

It means that the input sample is classified to the pattern 

class based on the nearest distance to one of its member 

patterns. 

 

F.2    Support vector machine.  

In this study, SVM classifiers are used to classify datasets.  

 An SVM is a binary classifier that categorize the input 

feature vector by evaluating the classifier function f(x) as 

follows [41]:  

f(x)= sgn(ω™ ϕ(x)_b)    (16) 

Where x is the feature vector, b and ω are bias and the 

vector of SVM coefficients respectively, defines kernel 

function and sgn denotes the sign function. Since SVM is 

inherently a binary classifier, one against all approach is used 

in this study to create a multi-class SVM classifier for palm 

vein classification.  

 

G. Evaluation methods 

There are many types of evaluation methods and evaluation 

indicators that can be used in palm vein identification to show 

the performance of the classifier used. 
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In our work, two types of these indicators are used: 

a. Accuracy 

b. Confusion matrix 

 

V. EXPERIMENTAL RESULTS 

The experiments were conducted using Matlab 2011a in an 

i3-3240 CPU at 3.4 GHz with 4 GB RAM. 

We apply our proposed framework on 20 persons (80 

images) of VP base database and16 persons (64 images) of our 

own database. 

Two types of classifiers are used on the same datasets:  

- KNN classifier 

-  Multi support vector machine with linear 

kernel function. 

 The recognition rate is deducted as follows: 

- For KNN classifier by calculating the 

percentage of true results in the datasets. 

- For MSVM classifier by using accuracy and 

confusion matrix. 

 

 Applying our framework on ten persons’ images of 

VPBASE database, which sums up to 40 images, the results of 

the confusion matrix are as follows: 

 

 
Table II Recognition results based on confusion matrix of MSVM 

using ten persons’ database images. 

 

We Noted that 100 % of images are classified correctly. 

The obtained results of both classifiers are summarized in 

table III.  

 

 
Table III Recognition results based on Gabor bank method. 

  

The recognition rate is better with loer k value using KNN 

classification, giving maximum performance with k=1, without 

error. 

On the other hand, recognition rate of MSVM classifier 

reflects the high performance of classification giving same 

results of KNN with k=1. 

 

Where applying same algorithm on twenty persons’ images 

of the same database which sums up to 80 images, the results 

of the confusion matrix are as follows: 
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Table IV Recognition results based on confusion matrix of MSVM 

using twenty persons’ database images. 

 

We Noted that 100 % of images are classified correctly. 

The obtained results of both classifiers are summarized in 

table V. 

 
Table V Recognition results based on Gabor bank method of 

twenty persons’ database images. 

 

The recognition rate is better with lower k value using KNN 

classification, giving maximum performance with k=1, without 

error. 

On the other hand, recognition rate of MSVM classifier 

reflects the high performance of classification giving same 

results of KNN with k=1. 

Using our database created by vein viewer camera, we apply 

our proposed framework on ten persons’ images sums up to 40 

images; the results of the confusion matrix are as follows: 

 
Table VI Recognition results based on confusion matrix of MSVM 

using ten  Persons’ images of our database. 

 

We Noted that 80 % of images are classified correctly. The 

percentage of error is 20%. 

The obtained results of both classifiers are summarized in 

table VII.  

 
Table VII Recognition results based on Gabor bank method of ten 

persons’ images of our database. 

 

The recognition rate is better with lower k value using KNN 

classification, giving maximum performance with k=1, where 

recognition rate is 75% and error rate is 25%. 

On the other hand, recognition rate of MSVM classifier 

reflects higher performance of classification than KNN 

classifier giving better results of recognition rate 80% and 

error rate 20%. 
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Table VIII  Recognition results based on confusion matrix of 

MSVM using 16 persons’ images of our database. 

 

We Noted that 82 % of images are classified correctly. The 

percentage of error is 18%. 

The obtained results of both classifiers are summarized in 

table IX.  

 

 
Table IX Recognition results based on Gabor bank method of 16 

persons’ images of our database 

 

The recognition rate is better with lower k value using KNN 

classification, giving maximum performance with k=1, where 

recognition rate is 82% and error rate is 25%. 

On the other hand, recognition rate of MSVM classifier 

reflects same performance of classification of KNN classifier 

when k=1 giving same results of recognition.  

 

Comparing the results of both databases, using both 

classifiers are summarized in table X. 

  

The recognition rate is better with lower k value using KNN 

classification, giving maximum performance with k=1, without 

error. 

On the other hand, recognition rate of MSVM classifier 

reflects the high performance of classification giving same 

results of KNN with k=1. 

From the results of our database we can have a promising 

database for future work. Although results are lower than the 

other database but they can be considered good taking into 

account that images are taken directly without treatment 

depending only on the enhancement process. 

 

 
Table X. Recognition results based on Gabor bank method 

 

VI. CONCLUSION 

In review of literature, more complicated algorithms are 

used for extraction of features in the purpose of getting higher 

performance. Gabor filter as a technique of feature extraction 

is used in combination with other techniques to assure the good 

quality of features used and attaining good results. 

In the other hand the corresponding databases available for 

public use are rare and their growth of has resulted in a long 

response time 

To solve the problem of a complicated feature extraction 

algorithms in palm–vein identification and availability of 

different choices of public free databases, more simplified 

technique for feature of extraction is used in this work, where 

we take benefit of the textured based features of the hand palm 

and in specific the orientation of the palm veins network using 

Gabor filter bank technique. 

Compared with traditional complicated methods where 

different feature extraction techniques are fused, experiments 

by the proposed method showed the advantages on retrieval 

efficiency and identification using simplified algorithm based 

on enhancing the quality of image as a main step rather than 

feature extraction complicated methods, and introduce a base 

for a new method for developing a data base using a normal 

imaging technique rather than expensive imaging systems. 

 

 

 

 

 

 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 13, 2019

ISSN: 1998-4510 158



REFERENCES   

[1] Abate, A.F., M. Nappi, D. Riccio, and G. Sabatino. 2007. 2D 

and 3D face recognition: A survey. Pattern Recognition 

Letters 28(14): 1885–1906. 

[2]  Cohn, J.P. 2006. Keeping an eye on school security: The iris 

recognition project in New Jersey Schools. National 

Institute of Justice J, No. 254. 

http://www.ojp.usdoj.gov/nij/journals/254/ 

iris_recognition.html. Accessed 30 September 2018.     

[3] Antonelli, A., R. Cappelli, D. Maio, et al. 2006. Fake finger 

detection by skin distortion analysis. IEEE Transactions on 

Information Forensics and Security 1: 360–373.   

[4] Australian Government. Introducing Smart Gate. 

http://www.customs.gov.au/webdata/resources/ fi 

les/BR_introSmrtGt0409.pdf. Accessed 30 September 

2018.    

[5] D. Zhang, Z. Guo, G. Lu, L. Zhang, and W. Zuo, “An online 

system of multispectral palmprint verification,” IEEE 

Trans. Instrum. Meas., vol. 59, no. 2, pp. 480–490, Feb. 

2010. 

[6] Y. Hao, Z. Sun, T. Tan, and C. Ren, “Multispectral palm 

image fusion for accurate contact-free palmprint 

recognition,” in Proc. ICIP 2008, 2008, pp. 281–284. 

[7] Deepamalar, M. and Madheswaran, M. (2010) ,An Enhanced 

Palm Vein Recognition System Using Multi-level Fusion of 

Multimodal Features and Adaptive Resonance Theory, 

International Journal of Computer Applications, 1 (20), 95-

101. 

[8] Harmer, K. and Howells, G. (2012), Direct Template Free 

Encryption Key Generation from Palm Veins, Third 

International Conference on Emerging Security 

Technologies, 70-73. 

[9] Hartung, D., Olsen, M., Xu, H., and Busch, C. (2011), 

Spectral Minutiae for Vein Pattern Recognition: 

International Joint Conference on Biometrics. 1-7. 

[10] Xuekui Yan, Wenxiong Kang, Feiqi Deng, Qiuxia Wu, 

“Palm vein recognition based on multi-sampling and 

feature-level fusion” Neurocomputing 151 (2015) 798–807 

. 

[11] Gitanjali Sikka , Er. Vikas Wasson, “ Palm Vein 

Recognition with Fuzzy-Neuro Technique” in International 

Journal For Advance Research In Engineering And 

Technology Volume 2, Issue XII, Dec 2014 ISSN 2320- 

6802 

[12] Noh, Z. M., Ramli, A. R., Saripan, M. I., & Hanafi, M. 

(2016). Overview and challenges of palm vein biometric 

system. International Journal of Biometrics, 8(1), 2-18. 

[13] Akbar, A. F., Wirayudha, T. A. B., &Sulistiyo, M. D. 

(2016, May). Palm vein biometric identification system 

using local derivative pattern. In Information and 

Communication Technology (ICoICT), 2016 4th 

International Conference on (pp. 1-6).IEEE. Original Image 

Infrared Image Vein Pattern 

[14] Lu, W., Li, M., & Zhang, L. (2016). Palm Vein 

Recognition Using Directional Features Derived from 

Local Binary Patterns. Structure, 9(5). 

[15] Lan, X., Chen, P., & Sun, Z. (2015, May). The design of 

FPGA-based palm vein acquisition system. In Computer 

Science and Applications: Proceedings of the 2014 Asia-

Pacific Conference on Computer Science and Applications 

(CSAC2014), Shanghai, China, 27-28 December 2014 (p. 

251). CRC Press. 

[16] Dere, S. N., Gurjar, A. A., &Sipna, C. O. E. T. (2016). 

Human Ident ification Using Palm-Vein Images: A New 

Trend in Biometrics. International Journal of Engineering 

Science, 2298. 

[17] M. Suganya, Dr.s. suganya (2017). An innovation in palm 

vein authentication for biometric privacy preservation. 

International journal of advance research, ideas and 

innovations in technology volume 3, issue2, ISSN 2454-

132X. 

[18] Pengzhuang Wang, Dongmei Sun, (2017), new algorithm 

of palm vein recognition, IEEE 13th International 

Conference on Signal Processing (ICSP) ISSN 16757080. 

[19] Dini Fronitasari, Dadang Gunawan, (2017), Palm vein 

recognition by using modified of local binary pattern (LBP) 

for extraction feature, 15th International Conference on 

Electrical and Computer Engineering, IEEE, ISSN 

17416053. 

[20] Mona A. Ahmad et al., International journal of Bio-Medical 

Informatics and e-Health, 1(1), June – July 2014, 10-14. 

[21] https://www.christiemed.com/products/veinviewer 

models/veinviewer-flex 

[22] Kono, M., Ueki, H. and Umemura, S.-i. (2002) Near-

infrared finger vein patterns for personal identification. 

Applied Optics 41, 7429 – 7436. 

[23] Haddad, R. A. and Akansu, A. N. (1991). A class of fast 

Gaussian binomial filters for speech and image processing. 

Signal Processing, IEEE Transactions on, 39(3):723–727. 

[24] Kadhum, Z. A. (2012). Equalize the histogram equalization 

for image enhancement. Journal of Kufa for Mathematics 

and Computer, 1(5). 

[25] Cohn, J.P. 2006. Keeping an eye on school security: The 

iris recognition project in New Jersey Schools. National 

Institute of Justice J, No. 254. 

http://www.ojp.usdoj.gov/nij/journals/254/ 

iris_recognition.html. Accessed 30 September 2018.   

[26] Mrs. Kasturika B. Ray, Dean (Academics), "Extracting 

Region of Interest for Palm Print Authentication" Eklavya 

College of Engineering Technology and Science, Kusumati, 

Bhubaneswar, Odisha, India 

[27] T. Jabir, M. H. Kabir, and O. Chae, Local directional 

pattern (LDP) for face recognition, in Proc. IEEE Int. Conf. 

Consum. Electron.,Mar. 2010, pp. 329330.  

[28] Biometrics Market Intelligence. 

http://www.biometricsmi.com. Accessed 30 September 

2018. 

[29] T. Jabir, M. H. Kabir, and O. Chae, Local directional 

pattern (LDP) for face recognition, in Proc. IEEE Int. Conf. 

Consum. Electron.,Mar. 2010, pp. 329330.  

[30] Z. Xie and G. Liu, Weighted local binary pattern infrared 

face recognition based on Webers law, in Proc. 6th Int. 

Conf. Image Graph.,Aug. 2011, pp. 429-433.  

[31] Adin Ramirez Rivera, Jorge Rojas Castillo, and 

OksamChae, Member, IEEE, Local Directional Number 

Pattern for Face Analysis: Face and Expression 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 13, 2019

ISSN: 1998-4510 159



Recognition, IEEE Trans. on Image Processing, Vol. 22, 

No. May 2013.  

[32] Adin Ramirez Rivera, Jorge Rojas Castillo, and 

OksamChae, Member, IEEE, Local Directional Texture 

Pattern imag descriptor, Elsevier. on Pattern Recognit. 

Lett., pp. 94-100, Jan. 2014.  

[33] D. D.Gabor Theory of communication, J. Inst. Electr. Eng. 

III, Radio Commun. Eng., vol. 93, no. 26, pp. 429-457, 

Nov. 1946.  

[34] Qian, S. & Chen, D., 1993. Discrete Gabor Transform. 

Signal Processing, IEEE Transactions, Volume 41, pp. 

2429-2438. 

[35] Super, B. & Bovik, A., 1991. Three-dimensional 

orientation from texture using gabor. Visual 

Communications and Image Processing '91: Image 

Processing, Volume 1606. Touzi, R., Lopes, A. & 

Bousquet, P., 1988. A statistical and geometrical edge 

detector for SAR images. Geoscience and Remote Sensing, 

IEEE Transactions on, 26(6), pp. 764-773. 

[36] D. Gabor, “Theory of communication,” Journal of the 

Institution of Electrical Engineers, vol. 93, pp. 429–441, 

1946. 

[37] Manjunath, B. & Ma, W., 1996. Texture Features for 

Browsing and Retrieval of Image Data. Pattern Analysis 

and Machine Intelligence, IEEE Transactions on, 18(8), pp. 

837-842. 

[38] Kandaswamy, U., Adjeroh, D. & Lee, M., 2005. Efficient 

Texture Analysis of SAR Imagery. Geoscience and Remote 

Sensing, IEEE Transactions on, 43(9), pp. 2075-2083. 

[39] Riaz, F., Silva, F., Ribeiro, M. & Coimbra, M., 2012. 

Invariant Gabor Texture Descriptors for Classification of 

Gastroenterology Images. Biomedical Engineering, IEEE 

Transactions, 59(10), pp. 2893-2904. 

[40] Gutin, G., Yeo, A., and Zverovich, A., Traveling salesman 

should not be greedy: domination analysis of greedy-type 

heuristics for the TSP. Discrete Applied Mathematics, 

2002, 117, pp. 81-86. 

[41] P. H. Chen, C. J. Lin, and B. Schölkopf, “A tutorial on ν-

support vector machines,” Applied Stochastic Models in 

Business and Industry, vol. 21, no. 2, pp. 111-136, 2005.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING Volume 13, 2019

ISSN: 1998-4510 160




