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Abstract: The contrast is low and the venous structure is simple for the hand vein image captured by near 
infrared camera. In order to extract the features of hand vein structure effectively, the wavelet decomposition 
sub-band image was analyzed. The low frequency sub-band image is better as hand vein recognition features. 
A feature extraction method by wavelet decomposition and mean absolute deviation is proposed in this paper. 
Then 48 dimensional feature vectors were formed. Finally, the Euclidean distance classification was used to do 
classify experiment. The results have shown that this method is not sensitive to shift, rotation and scaling in 
small range. The total recognition rate is 99.25 %, while the false acceptance error rate is 0.  
Copyright © 2013 IFSA. 
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1. Introduction 
 

The vein recognition mainly depends on vessel 
structure to make personal identification .The human 
venous lines include a great deal of information and 
everybody’s venous structure is unique, so we can 
obtain abundant authentication information from it. 
Patterns of hand veins vessel exist inside the skin, 
and it possesses the characteristic of non-
reproducible. What’s more, vein structure can’t 
change too much as the growth with age. In addition, 
if blood stop flowing, the near infrared image 
acquisition device will not capture the vein image. 
From this we know that the vein recognition has the 
advantages of reliability, uniqueness, security, 
stability and living body recognition and so on. The 

vein recognition does not need refined device to 
capture the hand vein image. Consequently, the vein 
recognition attracted increasing attention in the field 
of biometric feature identification recently [1, 2]. 

Hand vein images captured by near infrared 
camera have low contrast and the grey level, so 
enhancement pre-processing and feature extraction 
method of vein images is the key to research. The 
feature extraction method mainly includes geometry 
feature extraction, partial feature extraction and 
global feature extraction. They firstly manipulated 
two values image segmentation, then conducted 
feature extraction and recognition based on terminal 
and junction in Ref. [3]. The disadvantage of these 
methods was higher rejection recognition rate. A 
novel hand vein database and a biometric technique 
based on the statistical processing of the hand vein 
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patterns been present in Ref. [4]. Though this method 
has a higher recognition rate, it has higher 
computational complexity at the same time. The sub-
band energy of different scale was exacted as the 
global features form vein image which was 
transformed by Contourlet in Ref. [5-8] used media 
filter to preprocess the whole hand vein image, then 
used pixel by pixel matching method to manipulate 
hand vein matching. 

The above algorithms have achieved certain 
results, but there are still some problems. In this 
paper we analysis the wavelet decomposition of the 
sub-band image, find that the low-frequency sub-
band image is better for hand vein recognition. A 
feature extraction method based on wavelet 
decomposition and the mean absolute deviation is 
proposed and its procedure is introduced in detail. 
We also analyze the algorithm advantages. The 
experimental results show that the method an 
effective performance. 
 
 
2. Hand Vein Image Preprocessing 
 
2.1. Hand Vein Acquisition 
 

The principle of near infrared hand image capture 
is the hemoglobin of human body hand vein blood 
possesses the characteristic which absorbed near 
infrared light of 700-1100 nm wavelength. At the 
same time, the near infrared light can easily penetrate 
the 3mm depth of muscle and bones. Consequently, 
using near infrared emitter of fixed wavelength to 
evenly irradiate hand region, then using near infrared 
camera to collect light reflection can capture the hand 
vein image. 

Laboratory designed near infrared capture device 
according to this principle. After the experiment, the 
wavelength of near infrared emission source selected 
850 nm, and “TCA032” CMOS black and white 
camera was selected as the near infrared camera. 
Fig. 1 shows the infrared capture device designed in 
our laboratory. 
 
 
 

 
 

Fig. 1. Hand vein acquisition device. 

Samples of hand vein image captured by the 
acquisition device are shown as Fig. 2. 
 
 

  

  
 

Fig. 2. Hand vein image. 
 
 
2.2. Geometric and Grayscale Normalization 
 

As shown in Fig. 2, the hand vein image includes 
hand edge, which may make greater impact on the 
recognition results, so we intercept part of the region 
as the standard image. 

The size of original hand vein image is  
320×240 pixels (Fig. 3(a)). Fifty width pixels in the 
edge area are deleted and get the center hand vein 
area, then Zoom to 160×120 pixels (Fig. 3(b)). We 
can see from Fig. 3 that Fig. 3(b) contains important 
information of Fig. 3(a) and is suitable for subsequent 
feature extraction and recognition. 
 
 

 
 

(a)                                                   (b) 
 

Fig. 3. Geometric normalization of hand vein image. 
 
 

There are some problems during the process of 
hand vein images acquisition. Firstly, there is infrared 
light in the natural environment, so the gray scale of 
the hand vein images acquired in different 
environment may have some differences. Secondly, 
there are some differences for the hand vein images 
in the same environment, because the automatic 
exposure function of the camera. Thirdly, the gray 
scale of one people’s hand skin is different from 
others. So the gray normalization should be used to 
reduce the difference between different hand vein 
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images. A simple and effective way is to convert the 
image with the same mean and variance, which can 
be defined as follows: 
 

MyxIifVMyxIVMyxI  ),(/)),((),( 111

MyxIifVMyxIVMyxI  ),(/)),((),( 111
, (1) 

 
where ),( yxI  is the original input image; M and 

V  are the mean and variance; ),(1 yxI is the gray 

normalization image; 1M and 1V  are the mean and 

variance of normalization image. In this paper, we set 
255,150 11  VM . V is defined as the difference 

between maximum and minimum of ),( yxI . 
 

 )),(()),(( yxIMinyxIMaxV   (2) 
 

The geometric and grayscale normalized hand 
vein images are show in Fig. 4. We can see from the 
histograms that the two normalized images are of the 
same mean and variance. 
 
 

 
 

Fig. 4. Geometric and grayscale normalized hand vein 
images and its histograms. 

 
 
2.3. Hand Vein Images Enhancement 
 

The hand vein image captured by this device has a 
low contrast, and it was easily infected by near 
infrared light of nature. Therefore, we need 
preprocess image before feature extraction and 
recognition.  
 
 
 

 
 

Fig. 5. Enhancement and segmentation on hand  
vein image. 

The author of this paper Huabin-Wang in Ref [9], 
firstly conducted geometric and gray-scale 
normalization and obtained the standard hand vein 
image with uniform size and the same gray value, A 
kind of Retinex vein enhancement vein structure 
algorithm based on adaptive filter is proposed, but it 
also bring noise at the same time. The results show 
that noise generally produced in hand skin regions. 
Therefore, the noise can be eliminated by adaptive 
threshold segmentation and then the clearer vein 
structure is obtained. We obtain the enhancement and 
segmentation result as Fig. 5. 
 
 
3. Hand Vein Feature Extraction 
 
3.1. Multi-Layer Wavelet Decomposition 

 
Multi-resolution analysis of wavelet transformation 

is one of the most effective tools to image analysis 
and feature extraction. Low frequency sub-band 
image which is obtained by multi-layer wavelet 
decomposition to vein image is better for the hand 
vein feature. The low frequency band and high 
frequency band of wavelet decomposition plays a 
different role in feature extraction. The low 
frequency components mainly describe global 
features and the high frequency components mainly 
describe the partial details. From this we can know 
that if we eliminate the low frequency components 
and remain high frequency components after  
wavelet transformation, we can keep hand vein 
information well. Four sub-band images  
LL HL LH HH are obtained by a layer of wavelet 
decomposition to the original image. The dimension 
of every sub-image is a quarter of the original image. 
 
 
 

 
 

(a)                                  (b) 
 

Fig. 6. Multi-layer wavelet decomposition diagram. 
 
 

Fig. 6 shows the result of multi-layer wavelet 
decomposition to hand vein image. Fig. 6 (a) is the 
result of the image after a layer of wavelet 
decomposition. The sub-band image LL represents 
the low frequency components of image after low-
pass filter in horizontal and vertical directions.  
Fig. 6 (b) is the result of the first layer of sub-band 
image after additional 2-D wavelet decomposition.  

The low frequency sub-band image of Fig. 6(b) 
decomposed by two layers of wavelet is magnified 
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and the result is shown in Fig. 7 (b). From the result 
we can find that after two layers of wavelet 
decomposition, the main structure information of 
vein image remain and the noise is reduced greatly. 
The dimension of image is only one sixteenth of 
original image. 
 
 

 

 
 

(a)                                  (b) 
 

Fig. 7. Comparison of low-frequency sub-band image with 
two level wavelet decomposition. 

 
 
3.2. Mean Absolute Deviation of Hand  

Vein Image 
 

The low frequency sub-band image with size of 
4030 can be obtained from the 160120 original 
hand vein images with two layers of wavelet 
decomposition. The dimension of the original image 
decrease greatly. It can’t be as the characteristic 
values directly. Therefore, we should adopt method 
for further dimensional reduction. Here we used 
mean absolute deviation to describe the texture 
information of vein vessels. Hand vein image the size 
of 4030 was divided into forty-eight non-
overlapping 55 sub-image. Then mean absolute 
deviation of every sub-image was computed as the 
characteristic values of image. The method of 
computing mean absolute deviation is as follows:  
 

  48,,2,1),(
1   mMjiI
N N mm , (3) 

 
where ),( jiIm  is the m-th sub-image. N is the total 

amount of pixels of ),( jiIm and here N is 55=25. 

The parameter M is the mean of ),( jiIm . The 48 

characteristic values of image form a 1*48 
dimensional vector which was the characteristic 
vector of image.  
 

  4821 ,,,  V  (1) 
 
 

3.3. Feature Extraction Algorithm 
 

In this section, the procedure of hand vein image 
feature extraction algorithm is described in detail.  

1. Preprocess the hand vein image to obtain the 
standard hand vein image I with size of 160120. 

2. Low frequency sub-band image I2 by 
decomposed I with two layers of wavelet 
decomposition. 

3. Divide image I2 into 48 non-overlapping sub-
images of size 55. 

4. Obtain hand vein image characteristic vector V 
using Eq. (3) and Eq. (4). 

The advantages of this paper in hand vein feature 
extraction algorithm are as follows. The vector 
dimension is just one-sixteenth of original image with 
two layers of wavelet decomposition. Low frequency 
sub-band image loses high frequency components, 
but it remains the basic structure of the hand vein 
image. So it has ability to distinguish the different 
hand vein images. The low frequency sub-band 
image with wavelet decomposition is not sensitive to 
slight change of the hand vein image. We reduced the 
dimension by dividing image to some sub-images and 
computing the mean absolute deviation which can 
represents the texture features well. 
 
 
4. Classifier Design and Experimental 

Analysis 
 

The last step of hand vein recognition is classifier 
design. The common classifiers include the nearest 
neighbor classifier, Fisher linear classifier, artificial 
neural network classifier, support vector machine 
(SVM) classifier and so on. 
 
 
4.1. Build Hand Vein Experimental Sample 
 

In order to effectively test the performance of 
hand vein recognition algorithm proposed in this 
paper, we firstly need a public and general hand vein 
image base. but there has not been one image base for 
near infrared recognition system in the world. 
Therefore, we used near infrared hand vein image 
capture device that was described in this paper to 
build a small data base. the scale of this database is as 
follows: there are total 1600 images. We captured 
these images from 40 people and we respectively 
captured 20 images from left and right hand in every 
person. They represent 80 different types of hand 
sample. In order to prove the experiments have the 
ability to adapt transformation, rotation, scaling in 
small range, we conducted some manipulation to  
20 images in one type which include random 
transformation within 30 pixels, rotation within  
15 degrees and zoom in a certain range. 
 
 
4.2. Classifier Design and Recognition 

Experiment 
 

Here, we selected a relatively simple classifier 
used Euclidean distance to measure the similarity 
between test samples and learning samples: 
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where Ri is the mean and absolute deviation of the i-
th learning sample, and Ti is the mean and absolute 
deviation of the i-th test sample. Learning process: 
we got 10 images from 80 different type samples 
respectively as the object to learn and then obtained 
10 48-D characteristic vectors. At last, these vectors 
were stored into dataset. Recognition process: we 
randomly got one from the rest 800 images, and then 
extracted the feature using the algorithm proposed in 
this paper. At last, we compared it with learning 
sample in the database. If the Euclidean distance D of 
two samples was less than T, we considered the two 
samples belonged to the same type. Here we set 
T=30. Resilience test: we manipulated additional 
recognition the nu-learned image after randomly 
conducting shift and rotation in a certain range. 

Experimental result is shown in Table 1. Where 
false recognition number (FRN), Rejection number 
(RN), Total false recognition number (TFRN) and 
total error rate (TER). Obviously, the feature 
extraction method based on wavelet decomposition 
and mean absolute deviation has a good adaptability 
to shift and rotation in a certain range. But if the 
range of shift and rotation is too large, the 
recognition rate of this system will greatly reduce. 
From the Table 1 we can find that an obvious 
advantage of this system is that it can not falsely 
recognize, which could prove the feature extraction 
method used in this paper has a good stability. 
 
 

Table 1. The recognition results based on wavelet 
decomposition and mean absolute deviation. 

 
Samples FRN RN TFRN TER 

Standard sample 0 6 6 0.0075 
5 pixels shift 0 10 10 0.0125 
15 pixels shift 0 22 22 0.0275 
25 pixels shift 0 378 378 0.4725 
5 degrees rotation 0 12 12 0.015 
15 degrees rotation 0 538 538 0.6725 

 
 
5. Development in VC++6.0 
 

We developed a hand vein recognition system in 
Microsoft Visual C++ 6.0 as shown in Fig. 8.  

It contains the module of enhancing and feature 
extracting of hand vein images, which is according to 
the algorithm presented in this paper. The same hand 
vein database was used as in the above sections to 
evaluate the performance of the software, which 
worked on a Pentium 4/3.0 GHz personal computer. 
The average runtime for recognizing one hand vein 
image is less than 1 second per image, so the 
algorithm presented in this paper fits for a  
real-time system. 
 

 
 

Fig. 8. The interface of our hand vein  
recognition software. 

 
 

The running time was showed in Table 2. The 
learning and recognition time mean the proposed 
algorithm suitable for personal identification  
in real time.  
 
 

Table 2. The system running time. 
 

 Average 
time  

Maximum 
time  

Minimum 
time  

Learning  96 ms 101 ms 90 ms 
Recognition  291 ms 473 ms 156 ms 

 
 
6. Conclusions 
 

In order to extract hand vein image features 
effectively, we proposed a feature extraction method 
based on wavelet decomposition and mean absolute 
deviation. The algorithm can remain the structure 
feature of hand vein image well and reduce feature 
dimension effectively. The method is not sensitive to 
shift, rotation and scaling in a small range. The 
recognition rate of standard sample is 99.25 %, and 
the false recognition rate is 0 used our hand vein 
standard sample base. In experiments of recognition 
to 40 different type samples, the recognition time  
is less than 500 ms which mean the proposed 
algorithm can meets the requirement of practical 
applications well. 
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