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 One of the most promising mechanisms in the field of security and information 

safety is authentication based on palm vein. The main reasons that vein palm 

becomes an authentication method is because of its distinctive privacy, as it is 

difficult to manipulate or change its results, because of the location of the vein 

within the palm. With the use of this technology, it has become easy to 

maintain data from unauthorized access and unwanted persons. In this work 

proposed model are suggested that contain four stages to reach the results: in 

the first stage is the pre-processing stage where histogram equation was used 

to enhance the image and the properties are shown, the second stage is the 

extracting the properties where, Gabor filter and 2-discrete wavelet filters are 

suggested for features extraction, where it is considered one of the most 

important filters used to extract the features, as well as in the third stage "PCA" 

are used for data or features reduction, because of its advantages in analyzing 

the features and reducing the spacing between them. As for the last stage, the 

Euclidean distance used to measure the spacing. The results were acceptable 

and convincing, since the similarity ratio 96.2%. These results were obtained 

after several tests and using the Gabor filter with 2D-discrete wavelet 

transform and principal component analysis (PCA), I got the best results. 

Keywords: 

Euclidean distance 

Gabor filter 

Palm vien 

Recognition 

Wavelet  

 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Qassim Abd Al-hussain Hadi 

Department of Computer Science, Collage of Computer Science and Information Technology,  

University of Al-Qadisiyah, 

Al Diwaniyah, Iraq. 

Email: Alzbydyqasm5@gmail.com 

 

 

1. INTRODUCTION  

Humans have tried in the past to access and devise tools through which to maintain their property and 

private money as well as their places and because the technology was not at the level required to resort to tools 

but not the required security as they went to the keys and locks to maintain the security of their property from 

the arrival of unauthorized people [1]. With the advancement of time and the marked advancement of 

technology, more security tools have emerged, as progress has been a villa in the field of Internet networks and 

the use of modern technologies from computers, mobile devices, and others. But at the same time, these devices 

need programs and methods to verify the identity of the user, to follow the entry effectively and securely and 

prevent unauthorized persons from accessing the required data. Perhaps one of the most prominent sciences 

used in this field is the vital measures for determining the identity of the user and validating them [2].  

The identity of the authorized person can be confirmed by providing acceptable and considered evidence that 

the specified conditions for accessing the data are fulfilled. Perhaps the most prominent techniques used to 

maintain the security and integrity of data from unauthorized access is the pattern of the palm vein, where  

the venous patterns are located in the palm and it is one of the most secure techniques because it is difficult to 
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steal and manipulate them after all the vein is under the skin and is not affected by the advancement of  

a person's age and cannot be used as an alternative to it [3]. The characteristics used by the vein depend on 

several filters to extract the most important features, the Gabor filter, and the Gaussian filter. The pattern of 

palm veins in the security field can be considered one of the areas that can be developed and utilized to maintain 

data security and integrity because it is considered one of the most promising methods in this field [4].  

The database used in this work selected from the institute of control and information engineering, Poznan 

University of Technology, Poland [5]. 

 

 

2. RELATED WORK 

The researcher in the proposed work, he is suggested and studying the vein palm recognition, majorly 

this work is divided into three phases: In the first stage, which is the pre-processing stage where using CLAHE 

and 2-D Gaussian high pass filter to enhance the entire images. In the second phase, the feature extraction. 

Several filters were used, perhaps the most prominent of which is the Gabor filter, which is considered a filter 

to extract features from the vein. Mechanisms can be used to reduce the dimension between the set of features 

and show the properties better, and the most important of these mechanisms are used principal component 

analysis (PCA) and linear discriminant analysis (LDA). In the last stage, the matching process takes place, 

using Euclidean distance as a minimum distance, which is one of the most prominent mechanisms for 

measuring similarity and he has achieved 94.49% accuracy [1]. 

The researcher in [6] work, they are focusing on vein palm recognition based on SURF as a features 

extraction the proposed model was done through three stages to verify identity in the first stage, the images 

were processed through the histogram equalization, and in the second stage, the features were extracted through 

three algorithms scale invariant feature transform (SIFT), speeded-up robust features (SURF) and affine-SIFT 

(ASIFT), and in the last stage, the Euclidean distance used to verify the similarity, where good results appeared 

in the performance between Private database and multi-spectrum database, According to the results, we may 

conclude that the proposed vein imaging system does not produce suspicious unrelated vein areas which might 

create another clinical problem for the patients [6].  

The researcher in [7] work, he is present the system to verify the palm vein in the proposed work 

where in the first stage a candidate Gaussian-secondly derivative (GSD) is proposed to improve the vein image 

and then in the second stage which is the stage of extracting features the Gabor filter is used as a filter and also 

the use of Fisher analysis to extract the advantages from intravenous (Gabor Fisher vein feature (GFVF)) as it 

is used in the last stage, the cosine function pocket completely to measure the similarity and make sure of  

the matching process [7]. In research [4], a modern method has been proposed to define the identity of the palm 

vein: as a first stage, the presentation method was used to improve the images and then a Gabor filter was used 

as a filter to extract the features and Fisher's analysis discriminated (FDA) was used to reduce the spacing 

between the characteristics of the directions and then in the last stage it was used Euclidean distance to measure  

the similarity and find out the results [4]. 

 

 

3. PROPOSED MODEL 

The proposed model consists of four phases: the first phase preprocessing based on adaptive histogram 

equalization, in the second phase feature extraction based on two different techniques Gabor filter liner and 

2D-discrete wavelet transform, and combine the features to achieve a promising result. In the third phase used 

"PCA" as feature reduction, to select and summarize the good features and unique features. In the last phase, 

the minimum distance is tested to find the similarity one of the most famous techniques is used in the proposed 

model is Euclidean distance. Figure 1 shows the proposed model phases. 

 

3.1.  Preprocessing based on adaptive histogram equalization 

The adaptive histogram equation is used to improve the image and enhance it before the phase of  

part of preprocessing, but after the process of reformulating and updating it was used on a large scale [8].  

The idea of the adaptive histogram equation is summarized as follows, the main image is divided into  

two images. Using the probability density function, the two sub-images are then equalized, and in the last  

stage, obtained the results in one image after the two-image equation process [9]. Considered as one of  

the most important features of the adaptive histogram is the preservation of the components and brightness of 

the images, for direct use [10]. The proposed model used adaptive histogram equalization to increase  

the accuracy, which would improve the image, as the histogram equation is one of the techniques devoted to 

improving the vascular extraction, and this is why noted its widespread use in this field [11], Figure 2 shows 

the pre-processing phase result. 
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Figure 1. Proposed system layout 
 

 

  
(a) (b) 

  

  
(c) (d) 

 

Figure 2. (a) Original image, (b) Histogram of the original image, (c) Enhanced image,  

(d) Histogram of enhanced image 
 

 

3.2.  Feature extraction based on Gabor filter and 2D-discrete wavelet transform 

The stage of features extracting of palm vein pattern recognition system is one of the most important 

stages due to its importance in identifying and analyzing tissue. In this phase, the proposed model has relied 

on the Gabor filter and the 2D-discrete wavelet transform: 

 

3.2.1. Gabor filter 

The Gabor filter is one of the most famous filters used to extract the features from the palm vein, as 

it is used to analyze the texture and estimate the contrast in the vein as well as it is used to analyze the tissue, 

it is more likely that the use of the Gabor filter is used in image processing because of the noise present due to 
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the low contrast of the images of the palm vein. [1], There are several characteristics of the Gabor filter. Perhaps 

the most prominent is the tunable filter pressure filter pass in addition to that, it consists of multiple 

measurements [4]. Experiments have proven that Gabor filters are powerful in defining properties, so they have 

been used widely in mechanical fields, to obtain significant texture information [12]. Through the study of  

the Gabor filter, it can be divided into two main parts: the first part is usually called the real part, as well as it 

is called the symmetrical part, through which it analyzes the hills in its form, and the other part is the imaginary 

part which is usually used for edge analysis and is also called the symmetric strange part, there is usually in 

Dark spots can use the symmetric part to extract features from them [7]. A two-dimensional Gabor filter is a 

two-component combined together real part and imaginary part. A complex plane wave and a Gaussian-shaped 

function. As shown in (1), 
 

𝑔(𝑥, 𝑦) = (
1

2𝜋𝜎𝑥 𝜎𝑦
) exp [−

1 

2 
 (

𝑥2

𝜎𝑥
2 +

𝑦2

𝜎𝑦
2) + 2𝜋𝑗𝑊𝑥 ] (1) 

 

where б x “and б y denote the scaling parameters of the filter in the horizontal (x) and vertical (y) directions, 

and W denotes the central frequency of the filter. The Fourier transform of the Gabor function g (x, y)” is 

defined as: 
 

𝐺(𝑢, 𝑣) = 𝑒𝑥𝑝 [−
1

2
 (

(𝑢−𝑤)2

𝜎𝑢
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𝑣2
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wheres  u 2 x =1/ and  v 2 y =1/. The Gabor filter has two-part imaginary and real part. The imaginary 

part “odd symmetric”, Gabor filter is used for edge detection. The real part “even symmetric” Gabor filter is 

mostly used for detecting the ridge in the image [1, 4]. The Gabor filter uses you to analyze the tissue, meaning 

that it analyzes mainly just the presence of certain frequency content of the image, especially the presence of 

trends in the point area or area of analysis [13]. 
 

3.3.2. 2D-discrete wavelet transform 
2D-discrete wavelet transform is considered an important method of extracting features, as it is one 

of the filtering factors, and it can be considered the most popular, because of its characteristics, perhaps  

the most prominent of which is the approved transformation of image compression [14]. Wavelets are often 

used to reduce 2-D light signals, so had noted that they are used in image processing extensively to filter out 

noise, especially white Gaussian noise [15]. To implement the proposed compression process, a Haar wavelet 

or Daubechies wavelet can be used where a high percentage of the image compression process is achieved, as 

is customary in the image processing process used to wrap the MATLAB environmental computing.  

As is, this thing is proportional to the pixel values of the squares [14]. If the retained energy is 100%, 

this happens when the threshold value is zero, and this means that the information has not changed.  

On the contrary, if the value changes and the energy is lost, this is known as loss of pressure [16]. Wavelet 

analysis is a simple portion that identical and imitative copies of the original (or native) wavelet. Once checked 

the wave images, are caned clearly notice the signs with sharp changes that can be better analyzed using 

irregular waves [17, 18]. 2D-discrete wavelet transform technology is used for noise and data compression as 

well as for signal analysis, it also has a simple wave structure, which makes it a favourite in wave analysis, and 

reduced data size [19]. When using discrete wavelet transforms, the wavelets are converted into frequency data 

and divided into two bands: a lower frequency band and a higher frequency band Also, the waves are similar 

to the waves with vibrations that have to observe widening around the original [20]. 
 

3.3.3. Feature reduction based on principal component analysis (PCA) 

Principal component analysis (PCA) used as a post-extraction feature analysis to reduce the distance 

between data values, and it is considered one of the statistical analysis methods [7]. This method uses a vertical 

transformation to convert a set of different numerical values (that are linearly related) to a set of nonlinearly 

linearly related numerical values called basic components [21]. It is sensitive to the process of changing  

the relative size of the basic components. The transformed core components must be less or equal to the features 

before the conversion, so the PCA is a process to clarify the features more before the matching process [22]. 

Principle component analysis is used to simplify data by linear conversion to new dimensions with a maximum 

number of variables so that the new dimensions consist of basic components that are compatible with the range 

of sensors [23]. 

 

3.3.4. Minimum matching based on Euclidean distance 

In this stage, the characteristics and similarities are measured. The use of the Euclidean distance is 

due to the Pythagorean principle, where it indicates the location of two points on one line and the identification 
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of one of the points to be the main point. The length of the direction between the two points is measured by  

the distance alone and through which the original direction will be determined [24]. In this proposed work,  

the Euclidean equation is used to measure the similarity between the properties of the images entered and  

the images in the database [25]. The Euclidean distance between two points, x1, and x2, with j dimensions,  

can be calculated as show in (3). In engineering concepts, the equation can be illustrated as a straight line 

consisting of two oils, where karate coordinates are used as symbols of these points through which the straight 

line is formed. 
 

𝐸𝑢𝑐𝑙𝑖𝑑𝑒𝑎𝑛 _𝑑𝑖𝑠 = √∑ (𝑥1𝑗 − 𝑥2𝑗)2𝑗
1  (3) 

 

 

4. EXPERIMENTAL RESULT AND ANALYSIS 

In the proposed model the experimental test of this work implemented and tested on PUT Vein palm 

dataset [1], the total number of entire images consisted of 1,200 pictures, the images were collected from  

the right hand and the left hand from 50 volunteers and the pictures were taken through 3 sessions 4 pictures 

each time with at least one week between each session, the experiments were carried out and therefore to 

determine the identity of the user and knowing the authorized person [1]. The first experimental result of  

the dataset is a preprocessing based on adaptive histogram equalization to enhance the visibility of vein utensils 

to detect the features. Figure 2 shows the steps of enhancement of each image with their histogram. The second 

experiment is feature extraction based on the fusion of the Gabor filter and 2D dwt coefficient to extract  

the optimal features of each vein images, the raw features of the images are reducing it by using PCA.  

The accuracy of the dataset based on multiple algorithm technique shows in Table 1. 

The testing phase was implemented on different cases as shown above, for both enhanced left  

and right-hand features extracted based on different techniques. First i have proposed Gabor coefficients as 

features stand alone as the table shows the accuracy was 85.5 for a right hand and 84 for left. As well as when 

used 2D-DWT as features the accuracy was higher than the first experimental test on features selection and 

extraction. Then the previous features techniques are tested with PCA as a features reduction the performance 

accuracy was a promising and the higher accuracy was 96 %, finally, the features based on fusion coefficient of 

both features extraction techniques was the highest with 96% and 96.2 % for both right and left vein palm. The 

receiver operating characteristic (ROC) of the false accept rate and false reject rate shows the optimal threshold 

of 4.7 of the recognition. Figure 3 and Figure 4 shows the ROC curve for right and left vein palm images. The 

summary of comparing the accuracy that achieved by the proposed model, with other techniques, as shown in 

Table 2. The proposed model achieves higher accuracy when used fusion of features than the refrence [1]. 

 

 

Table 1. Accuracy result of the PUT vein 

Dataset 
Features based 

on Gabor 

Features based 

on wavelet 
Wavelet   + PCA Gabor + PCA 

Fusion of Gabor 

and wavelet 

Fusion of Gabor and 

wavelet + PCA 

Right palm 

Image 

85.5 88 94 95.66 95 96 

Left palm 

Image 

84 87 95 96 96.6 96.2 

 

 

 

 

Figure 3. ROC Curve for right hand 
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Figure 4. ROC Curve for left hand 

 

 

Table 2. Model comparison based on accuracy 
Algorithm Left hand Right hand 

M.Abed [1] 96 95.66 

Proposed model 96.6 96 

 

 

5. CONCLUSION 
In this work, the proposed model that are suggested are tested the performance based on the database, 

the images are selected from the Institute of Technology Control, University of Poznan, Poland, where they 

tested the palm of the hand as a system for intravenous identification (PUT). The database consists of  

1200 pictures, half of them are for the right hand and the other for the left hand. Was done in three sessions 

four pictures for each person, and at least one week between each series, the pictures in the PUT database have  

a size of 1280 * 960 resolution and is saved as a 24-bit bitmap file, in this work the proposed model has use 

Gabor filter and wavelet as a fusion features because of the fusion increase the accuracy of recognition when 

we used both algorithm and its achieved 96.2% accuracy, comparing with Gabor or wavelet. The training and 

testing contain 50 % of the images in the dataset. In the last phase used Euclidean distance to measure  

the similarity, the results were good and identical. 
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