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ABSTRACT 

Biometrics is the science of identifying a person using 

physiological or behavioural features. A biometric verification 

system authenticates an individual's identity by matching the 

live biometric template to his/her biometric template or 

templates stored in the system database. Nevertheless, finger 

vein verification system is cost effective in comparison but 

high in accuracy with opportunities of fake detection and bio-

cryptography system. Previous research on finger vein 

verification has proved that it’s accuracy relies on 

enhancement of vein image pattern quality. However, at times 

noise generates as a result of hair and skin texture, which is as 

well enhanced because they are much resembles the vein 

structure. Noise is any process that affects the original image 

since it is not part of the original image. This causes great 

error when extracting accurate vein patterns. It also leads to 

increasing processing time during finger vein extraction, 

which is eventually cause an inaccuracy in 

matching/verification system. To overcome this problem, a 

novel approach for finger vein pattern enhancement using 

Gabor-Canny edge detector is proposed, which is far better 

and more accurate than previous method. 
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1. INTRODUCTION 
In current age of Information security technology, there is 

widespread uses of biometric technologies such as fingerprint, 

veins, face, voice, and face recognition in various access 

control, automatic teller machines (ATMs), financial 

transactions and forensics [1]. Biometric finger vein 

verification has been proved to be the best as it can solve 

many shortcomings of other biometric technologies, such 

drawbacks like fingerprint sweat effect, scars and distortions; 

face recognition illumination and pose change. Thou, finger 

vein biometric system is a little costly in comparison with 

other biometric systems but it is high in accuracy with 

opportunities of fake detection and bio-cryptography system 

[2]. Finger vein has patterns inside human fingers that makes 

person’s identity unique. The vein imaging system depends on 

the uses of near-infrared (NIR) light illumination at a wave-

length of 750mm or more, because veins absorb 

deoxyhemoglobin at this range [3, 4]. Previous research works 

has shown that the accuracy of finger vein biometric 

verification and recognition system lies on enhancement of 

quality image vein pattern and extraction of accurate various 

features in order to use finger vein as a factor for personal 

recognition system in multimodal system, as well as detecting 

fake finger veins. 

Image information is the main target for image processing. An 

Image consists of different information of a scene such as the 

size, colour, and orientation of different objects presents in 

that scene. Image processing shows a significant part in finger 

vein verification operation. It is the planning of an image for 

features extraction and later for analysis use. Finger vein 

images are not always clear when captured due to number of 

factors. It can sometimes show some irregularity shadings and 

highly saturated regions, thus caused noise. A noise can be 

defined as a process that affects the original image since it is 

not a part of the original image [5]. This can cause great error 

when extracting accurate vein patterns. It can also lead to 

increasing processing time during finger vein extraction, 

which is eventually cause an inaccuracy of matching or 

verification system. Thus, it is necessary to apply noise 

removal algorithm to enhance the quality of the degraded 

image. The noise removal algorithms reduce or remove the 

visibility of noise by smoothing the entire image leaving areas 

near contrast boundaries [5]. 

The noise can be as a result of any the following factors:  

• Blurry image, which is patterns of vein that contain 

little contrast;  

• Askew image, which is vein images with definite 

grade of deformation;  

• Dim image, which is dim or black portion in the 

images;  

• Bright image, which is sunny portion in the images.  

Recently, research has shown that noise can occur as a result 

of non-uniform illumination, low local contrast, hairs and skin 

texture [6]. However, at time noise generates as a result of 

hair and texture, which are as well enhanced because it is 

much resembles the vein structure.  

Biometric verification system consists of four various phases, 

which are: data collection, preprocessing, feature extraction 

and matching/verification. The process of the preprocessing 

module comprises the normalization of the image, detection 

of Region of Interest (ROI), and enhancement of vein pattern, 

which lead to image segmentation. The image pre-processing 

stages is shown in figure 1. In section 2 of this paper, the 

related work and explanation of ROI were introduced. Section 

3 contains vein enhancement using edge detector and its 

result, while section 4 gives conclusion.  
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Fig 1: Image Preprocessing Stages 

2. FINGER VEIN RELATED WORKS 

AND ITS MODEL 
This section explains the existing research works on finger 

vein recognition and its models. 

2.1 Related Works 
A number of approaches which implement this common 

architecture have already been offered starting from the 

revolutionary work of Park et al. [7]. In Im et al work [8], the 

conventional vein pattern recognition algorithm contains of a 

preprocessing part, which applying sequentially an iterative 

Gaussian low pass, a high pass, and a modified median filter, 

a recognition part which includes the extraction of the binary 

veins via local thresholding, and finally the matching between 

the individual patterns. 

An improved vein pattern extraction algorithm was proposed 

in [9]. The algorithm balances the loss of vein patterns in the 

edge area, gives more enhanced and stabilized vein pattern 

information. The result shows better performance than the 

existing algorithms. Furthermore, the difficult emerging from 

the iterative nature of filtering preprocess is solved by 

designing a filter that is processed only once, increasing 

significantly the recognition speed and reducing the hardware 

complexity. The proposed algorithm is implemented with an 

FPGA device and the false acceptance rate is five times better 

than the existing algorithm and the recognition speed is 

measured to be 100 (ms/person). In [10] and [11], finger vein 

images were enhanced by utilizing restoration algorithms 

which reduces the scattering effect created through IR image 

acquisition. Extraction of region of interest (ROI) is expel 

from the original images in a definite proportion to work with. 

This extraction has some noteworthy benefits. It helps as a 

pre-processing to take out the interpretation and resolution of 

vein images presented in the data collection process. It 

likewise takes out the most informative region in the images. 

Thou, it cuts a great deal of data amount however without 

losing much valuable information. This speeds up the feature 

extraction and matching or verification procedure.  

Kumar and Zhou [12] pre-processed the finger vein images 

obtained from the totally contactless imaging by normalized 

it. They systematically developed an original method for the 

finger-vein feature extraction using Gabor filters.  Miural et 

all in 2011[13] used repeated line racking to tract the local 

dark position of image but it was difficult to define a shape for 

variable width veins. While Cho et al in 2011[14] used an 

adaptive version of Gabor filter to enhance the distinctiveness 

region in the original finger vein image. Yang et al [10] 

produced enhanced finger vein image by restoration-based 

method through consideration n effect of the layered 

structured of skin. They finally restored the images using a 

point-spread function (PSF) and a biological optical model 

(BOM) (15). Park et al [16] proposed an image enhancement 

method using an optimal Gabor filter based on the directions 

and thickness of the vein line. However, the width of veins 

and hair that resembles vein were not considered. In 

modification, Shin et al in 2014 [4], proposed in using Gabor 

filter in combination with Retinex filter, which is fuzzy-based 

fusion. Gupta & Gupta [6], reduced the effect of noise 

occurred due to non-uniform illumination and low local 

contrast using Multiscale Matched filtering but this method 

refused to deal with the noise generated by hair and texture, 

which are closely resembles the vein structure. 

2.2 Finger Vein Model 
Finger vein technology mechanisms by distinguishing the 

vein designs in a person's finger. The person's finger is place 

over a scanner and the near-infrared light maps the area of the 

veins. The red cells present in the veins integrate the rays and 

appear on the guide as dark lines, while the remaining finger 

structure looks as white. This vein example is then checked 

against a prerequisite example to confirm the person. As veins 

are inside in the body and have an abundance of separating 

elements, endeavors to fashion a character are amazingly 

troublesome, in this approach of empowering an abnormal 

state of security. Figure 1 establishes the general procedures 

of the ID model utilizing finger veins biometrics. After image 

capture, a miniature range of a finger image is situated at the 

region of interest (ROI) to separate the components and to 

analyze distinctive fingers. Utilizing the segments inside ROI 

for verification can enhance the computation proficiency 

altogether. 

 

(a) FV Verification System Architecture [17] 
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(b) Finger-vein imaging device   (c) Example of infrared 

image of finger-vein 

Fig 2: The finger-vein based verification system [17] 

3. VEIN ENHANCEMENT AND 

PROPOSED METHOD 
As indicated in Gupta [6], enhanced vein image was utilized 

for vein matching straightforwardly without experience vein 

extraction. The enhanced vein image was encoded by utilizing 

radon transform and matched with the neural network system. 

Additionally, in [17], improved vein image was facilitated by 

using organize just relationship. Furthermore, surface (by 

using compcode) of the enhanced vein image was used for 

highlighting encoding as a piece of [18]. Algorithms which 

does not use vein extraction gives exact results if finger veins 

are acquired under controlled environment. In any case, these 

can be impacted by the issues of commotion, non-uniform 

illumination, low neighborhood differentiation and position 

assortments.  

3.1 Proposed Methodology 
Finger vein image, the sample, which contains in figure 4a of 

a subject from Universiti Sains Malaysia (FV-USM) image 

database [18] was used under Gabor filter [19] and Canny 

edge detector [20] for extraction of edges the pattern vein. 

FV-USM finger vein dataset is a public dataset, which was 

developed by light transmission method, the finger is placed 

in between the infra-red (IR) source and image sensor. From 

two periods, 5904 total images from 492 finger classes were 

obtained. The captured finger images have spatial and depth 

resolution of 640 x 480 and 256 grey levels, separately [23].  

The Gabor filter is defined as: 

 

2 2 2

2

+ + χ'
g(χ,y,λ,θ,φ,σ,γ) = exp(- )cos(2Π +φ)           1     

λ

χ' γ y'

2σ
 

Where, 

x'= x cos θ + y sin θ                                 (2) 

y'= −x sin θ + y cos θ                  (3) 

The “ λ ” represent wavelength of the sinusoidal factor, “θ” 

represents the orientation, and “ψ" is the phase offset, “σ" is 

the standard deviation, “γ" is the spatial ratio. 

Edge is considered to be one of the best important features of 

images in the computer vision. Edge can create a border round 

the objects by protecting the information connected to the 

shapes of them which can easily differentiate between the 

object and its background [21]. Thus, edge detection 

techniques play an important role in the analysis of quality 

and modality of images.  From the literature survey we can 

observe that the “Canny Edge Detection Algorithm” is the 

optimal algorithm among the edge detection algorithms. The 

three main criteria of the canny edge detection are as follows: 

From the literature. we observe that the "Canny Edge 

Detection Algorithm" is the ideal algorithm among the edge 

detection algorithms. The three fundamental criteria of the 

canny edge detection are as per the following [22]:  

1. Low error rate: This means that edge that occurs in 

image must not be neglected, so also, non-edge 

should not be attended to.  

2. Good Localization: Here, the actual edge distance 

and that of edge pixels’ distance found by the 

detector must be minimized. 

3. Single Response: This is a case whereby single edge 

has one response. 

The Canny Edge Detection algorithm mainly has five steps in 

it. They are: 

Step i: Computing the horizontal (Gx) and vertical (Gy) 

gradient of each pixel in an image.  

Step ii: Using the above information the magnitude (G) 

and direction (of each pixel in the image is calculated.  

Step iii: In this step all non-maxima’s are made as zero 

that is suppression the non-maxima’s thus the step is 

called Non-Maximal Suppression. Step iv: The high and 

low thresholds are measured using the histogram of the 

gradient magnitude of the image. 

Step v: To get the proper edge map hysteresis 

thresholding is employed which will link between the 

weak and strong edges. The weak edges are taken into 

consideration if and only if it is connected to one of the 

strong edges or else it is eliminated from the edge map. 

The strong edge is the one whose pixel is greater than the 

high threshold and weak edge is one whose pixel value 

lays between high and low threshold. 

The proposed algorithm is summarized as follows:  

i. Read an image captured under near infrared 

light illumination finger vein image from the 

image database. 

ii. Get the Pruned border of input image and store 

it 

iii. Get the boundaries of input image and store it.  

iv. Get the region of interest of input image by 

normalization and store it. 

v. Now apply the Gabor filter with passed and 

accepted parameter. Perform Canny edge 

detector on the image as a resultant of the 

Gabor filter. 

vi. These operations are useful to extract edges of 

the pattern vein 
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Fig 3: The proposed model of Finger vein pattern 

extraction using Gabor-Canny Filter 

3.2 Result and Discussion 
The experimentation focused on enhancement of the vein 

from the raw finger vein image (figure 4a), which leads to 

extraction of finger vein features for a robust verification 

system. The figure 4b shows the finger vein image pruned 

border while figure 4c displays the finger vein dilated 

boundary. The dilated boundary was cropped by 

normalization and gives region of interest (ROI) of finger vein 

as displays in figure 4d. The Gabor and Canny edge detector 

has been used in association to extract the vein features from 

edges of the vein line lies at the finger region of the finger as 

shown in figure 4e and 4f. 

This paper has aimed at extract the edges of the finger vein 

pattern out of original image. The Gabor filter was used to 

extract the interest area from the original image. The 

mathematical form as shown in equation (1) of Gabor filter 

was exercised by the set of parameter such as “λ” represent 

wavelength of the sinusoidal factor, “θ” represents the 

orientation, and “ψ" is the phase offset, “σ" is the standard 

deviation, “γ" is the spatial ratio. On passing certain threshold 

values to this parameter will extract the interest set out of 

original image.  

The quality of a finger vein image usually lies on the quantity 

and the contrast of the vein patterns. The figure 4f 

demonstrates the case of high quality finger vein image, 

which contain more vein patterns examples with higher 

contrast. These vein patterns can be roughly regarded as a mix 

of an arrangement of line segments, which are identified by 

Canny edge identifier. The results summaries are shown as 

follows:  

 

                       (a)Original Finger Vein Image 

 

(b) Finger Vein Image Pruned border 

 

(c) Finger vein Dilated boundary 

 

(d) Finger Vein Image Region of Interest (ROI) Extraction by 

Cropped Normalized 

 

(e) Finger vein pattern enhancement using Gabor filter  

 

(f) Finger vein pattern enhancement using Gabor-Canny edge 

detector 

Fig 4(a-f): Segmentation stages of Finger Vein 

preprocessing 

4. CONCLUSION 
The experimental results presented in section 3 consistently 

indicate that the proposed method of finger vein pattern 

enhancement, using Gabor-Canny edge detector, achieves 

significantly improved pattern image, which can further use 

for better features extraction at minimal processing time. The 

use of Gabor filter and Canny edge detector prominently lead 

to highlight and visualize as well as to extract the vein pattern 

edges out of original image. 

In paper, the causes of noise in finger vein image are stated. 

Also, it has fully been established that thou Gabor filter can 

used to enhance finger vein images pattern but using Canny 

edge detector in addition to it yielded better result in 

processing noise created by skin hair, which much seem like 

vein. This method is the systematical development of a new 

approach for the finger vein pattern enhancement using 

Gabor-Canny edge detector.  
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