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Abstract  

 

Palm vein technology is the world’s first contactless personal 

biometric identification system. The palm vein authentication 
technology offers a high level of accuracy, and delivers the 

following results: a false rejection rate (FRR) of 0.01%, and a 

false acceptance rate (FAR) of 0.00008% or lower, based on 

Fujitsu research using the data of 140,000 palms. To confirm a 

person’s identity, it uses the deoxygenated vein patterns in 

human palms. The pattern of veins in the palm is complex and 

unique to each individual. Prior to the palm vein recognition, 

vein enhancement is required for a better recognition of the 

pattern. Proposed method combines the Karhunen-Loeve (KL) 

transform and hue-preserving color image enhancement 

technology for vein enhancement. This method is robust to 

shadow affect, can give better visualization results, and can 
improve the contrast and contour details of image. 
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I. INTRODUCTION 
 

 In the present generation where individuals can easily access 

their information anytime and anywhere,people are also faced 

with the risk that others can steal their personal 

information.Because of this risk biometricpersonal 

identification technology is used to protect the users from 

compromise of authentication. One among the strongest person 

identification technology is palm vein technologythat uses 

blood vessel patterns as a personal identifying factor. 

In palm vein technology, vein image of an individual is 

registered along with other details in his profile by converting 
the image into data points. Each time a person logs in to gain 

access by a palm scan to a particular bank account or any 

secured entryway, the newly captured  

image is processed likewise and is compared to the registered 

one for verification, in a period of seconds. Depending on 

verification, the person is either granted access or denied. 

In palm vein technology the deoxidized hemoglobin in the vein 

vessels absorbs light having a wavelength of about 7.6 x 10-4 

mm within the near-infrared area [1]. When the infrared ray 

image is captured, unlike the image seen in Fig.1, only the blood 

vessel pattern containing the deoxidized hemoglobin is visible 

as a series of dark lines (Fig.2). Based on this feature, the vein 

authentication device translates the black lines of the infrared 

ray image as the blood vessel pattern of the palm (Fig. 3), and 

then matches it with the previously registered blood vessel 
pattern of the individual. 

 

 
Fig. 1. Visible ray image  Fig. 2. Infrared ray image 

 

 
Fig. 3. Extracted vein pattern   Fig. 4. Palm vein sensor 

 

II. BACKGROUND 
 

The palm vein authentication technology consists of software 

technology and image sensing. The palm vein sensor (Fig.4) 

captures an infrared ray image of the user’s palm. The sensor is 

able to capture the palm image regardless of the position and 

movement of the palm and the lighting of the infrared ray is 

controlled depending on the illumination around the sensor. 

Measuring the position and orientation of the palm by a pattern 

matching method, the software matches the translated vein 
pattern with the registered pattern 
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Fig. 5.Palm on Sensor 

 

1. One should place his/her palm near to scanner. 

 

 
 

Fig. 6. Infra-red on Palm 
 

2. The scanner makes use of a special characteristic of the 

reduced hemoglobin coursing through the palm veins 

it absorbs Near-infrared light. This makes it possible to 

take a snapshot of what’s beneath the outer Skin, 

something very hard to read or steal.  

 

 
 

Fig. 7. Short region on palm 
 

3. The integrated optical system in the palm vein sensor uses this 

phenomenon to generate an image of the palm vein pattern and 

the generated Image is digitized, encrypted and finally stored as 
a registered template in the database. 

 

Problems in the raw image of palm are the uneven illumination 

and low contrast due to the residues during theimage acquisition 

process. It is difficult to extract features for vein recognition if 

the raw image has less quality. The raw image is normally 

enhanced prior to extracting feature to improve the image 

quality and facilitate feature extraction. 

 

To improve the image quality and visualize the enhanced 

image,we present a palm vein enhancement 
methodology.Firstly, a hyper spectral camera is used to get the 

palm data in specific spectral bands.Secondly, Karhunen-Loeve 

(KL) is utilized to transform to enhance the spectral feature at 

850nm.Thirdly, a color image of the enhanced palm can be 

generated by using a color-matching function (CMF).Finally, 

the palm vein image can be further enhanced by hue-preserving 
color image enhancement technology. 

The proposed method is robust to shadow effect, can 

significantly improves the image quality comparing to 

traditionally image enhancement methods and give a better 

visualization by presenting enhanced results with a color image. 

It is thus suitable for giving a better human machine interface of 

access control used in internet of things, information security, 

etc. 

 
 

III. METHOD 
 

A. The hyper spectral imaging technique 

The ‘classical definition’ of hyperspectral imaging is that 

the number of bands involved is more than 10, and any 

lower than that is referred to as multispectral imaging. It 

can generate images in continuous and narrow spectra from 

visible to infrared ‘regions with the aid of spectrometer. It 

takes image on 100 to 10000continuous narrow bands [9], 

and contains much more information than traditional 

imaging technique. A hyper spectral image cube has 3 
dimensions: two for space and one for wavelength. Fig. 8 

is an image cube of a palm. It is illustrated that there is a 

2D image with spatial dimensions of x and y on each 

narrow band (λ). 

 

 
Fig.8.An image cube of a palm 

 

B.Palm vein visualization and enhancement by using modified 

KL Transform 

The first step of the enhancement method is effective 

visualization, which is based on the method proposed by 

Hashimoto et al.[3]. In reference [3], the proposed color 

enhancement method was effective to visualize the 

multispectral image features. However, the wavelengths 

proposed in [3] are within visible range (425nm to 710nm), 

which will bring a problem of shadow enhancement. Fig. 

9shows a palm image (Fig 9 (a)) the enhancement result (Fig 9 
(b)) of the palm image by using the method in [3]. It is seen from 

the Fig. 9 (b) that deep shadows appear in center of the palm. 

This shadow enhancement problem is due to the visible 

wavelength (600nm) is chosen for the enhancement. Both veins 

and shadows are enhanced. In our work, we extend the methods 

in [3] to near-infrared band for palm vein image enhancement 

to reduce the shadow enhancement problem. 

 

 
 

Fig 9: (a) Original palm image (b)Enhanced image 600nm 
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The raw image cube obtained in this work is thentransformed 

into an 𝑁 rows and 𝑀 columns matrix, where 𝑁 = 16 is the 

number of bands and 𝑀 is the number of pixels of each 2D 

image at each waveband. The enhanced signal value vector for 

𝑗 − 𝑡ℎpixel 𝑔𝑛𝑒𝑤𝑗(N-dimensional vector) is 

 

𝑔𝑛𝑒𝑤𝑗 = 𝑤(𝑔𝑗 − 𝑠𝑗) + 𝑔𝑗  (1), 

 

 

where  𝑔𝑗 (N-dimensional vector) is the pixel values of the  j-th  

pixel in the original image  cube at  𝑁  wavebands, 𝑤 is an 𝑁 ∗
𝑁 matrix for enhancement,  𝑠𝑗is the principal component of the 

𝑗 − 𝑡ℎ pixel, which is estimated using  Karhunen-Loeve (KL) 

transform as  

 

𝑠𝑗 = ∑ ∝𝑖𝑗 𝑢𝑖
𝑚
𝑖=1 + �̅�            (2), 

 

where 𝑚 is the number of basis vectors used in the estimation 

(𝑚 < 𝑁), 𝑢𝑖(N-dimensional  vector)  is  the  𝑖 − 𝑡ℎ  KL  basis 

vector and  �̅� is the average vector of the whole image.  ∝𝑖𝑗is 

𝑖 − 𝑡ℎ KL coefficient for 𝑗 − 𝑡ℎ pixel, written as  

 

∝𝑖𝑗= 𝑢𝑖
𝑇(𝑔𝑗 − �̅�) (3) 

 

Parallel Approach to the KL Tranform 

 

The K-L transform is the optimum transform for minimizing the 

number of samples lying within a region while satisfying the 

mean square criterion between the original (undivided) and 

reconstructed image[4]. 

In the OpenMP implementation, each cluster is processed after 
accrediting to the processor thread.  Processing of c number of 

cluster are done by the available number of threads where c ≤ T, 

single iteration is involved using t=c number of threads. For the 

next condition where c > T, c/T of iterations are required so as 

to conceal all N bands of a hyper spectral image. The above two 

circumstances can be expressed as shown below: 

c ≤ T, 

      Number of iterations = 1, 

      Number of threads used, t = c 

c > T, 
      Number of iterations = c/T, 

      Number of threads used, t = T 

OpenMP is a exertion of multithreading with shared memory 
which uses the model called fork-join of parallel execution. All 

OpenMP programs commence as a single process: the master 

thread. The execution of the master thread is carried out 

successively until the first parallel region construct is 

encountered. FORK called as the master thread then establishes 

a team of parallel threads. The "fork" section is noted and 

enclosed by a parallel region construct i.e. #pragma omp 

parallel, which then is executed in parallel between the other 

threads. It is also possible with Multiple parallel regions, and 

each should  finish with a "join" section where all the parallel 

threads synchronize and terminate, leaving only the master 
thread. The number of parallel regions and the threads that 

comprise them are arbitrary. All threads are executed 

independently in the parallel region, and variables can be shared 

among threads, where it requires the careful programming so as 

to avoid conflict of data-sharing between threads[5]. 

The KLTransform implementation using OpenMP in this work 

is established on a single program multiple data (SPMD) 

construct that involves duplicate execution with the body of 

code executing in a repeated fashion across multiple threads. 

The duplicate execution in each thread encodes a cluster of 

bands using a common syntax in SPMD to create a cyclic 

distribution of loop iterations (with 'a' being a variable) as 

shown in the algorithm. The omp_get_num_threads() response 
with the total number of 

 Available threads, whereas the omp_get_thread_num() 

gives the current thread number. The #pragma omp 

critical will only be executed after all the parallel 

regions above are completed causing the writing of the 

output i.e. encoded hyperspectral image. 

The principal component 𝑠𝑗  of the 𝑗 − 𝑡ℎ pixel, shown in 

equation 2 which is estimated using  Karhunen-Loeve (KL) 

transform can be executed parallel by the following algorithm 

 
 
#pragma omp parallel 

 { 

Total_no_of_threads=omp_get_num_threads(); 

 Current_thread_no=omp_get_thread_num

(); 

 gs=g[j]-g; 

 #pragma parallel for 

for(a=thread_no;a<c;a=a+total_threads 

  { 

   for(i=1;i<m;i++) 

   { 

   

 Alpha[i][j]=ut[i]*gs; 

   

 s[j]=s[j]+Alpha[i][j]*u[i]; 

    s[j]=s[j]+g; 

   #pragma omp critical 

   /*output to disk*/ 

   } 

  } 

  } 

where 𝑚 is the number of basis vectors used in the estimation 

(𝑚 < 𝑁), u[i](N-dimensional  vector)  is  the  𝑖 − 𝑡ℎ  KL  basis 

vector and  g is the average vector of the whole image, g[j] (N-

dimensional vector) is the pixel values of the  j-th  pixel in the 

original image  cube at  𝑁  wavebands Alpha[i][j] is 𝑖 − 𝑡ℎ KL 

coefficient for 𝑗 − 𝑡ℎ pixel 

 

 

 

Using KL transform, the dominant component data of whole 
bands are extracted. By subtracting the principal component 

from the entire image, each band endemic component is 

preserved. The weighting factor matrix 𝑊is to select which 

wavelength to be enhanced. The element of 𝑝 − 𝑡ℎrow and 𝑞 −
𝑡ℎ column [𝑊]𝑝𝑞 is  

 

[𝑊]𝑝𝑞 = {
𝑘 𝑝 = 𝑞 = 𝑛
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

     (4) 

 

where𝑘is  the  amplification  factor.  In the palm vein 

enhancement, 𝑛 is defined as the location of the 850nm band 

[6]. To  display  the  enhanced  palm  vein  image  (𝑁 × 𝑀)  in 

an RGB  format,  we  convert  the  enhanced  matrix  into  a  

3×M matrix using  
 

𝑡 = 𝐶𝑣 = 𝐶𝑅𝐻𝑇(𝐶𝑅𝐻𝑇)−1𝑔  (5) 
 

where 𝑣 is an estimated spectral radiance, 𝐶is a 3×N matrix of 

the CIE 1931 XYZ color matching functions, 𝐻is an  𝑁 × 𝑁  

diagonal matrix  with  main  diagonal  are  the  spectral 

sensitivities  of  the  camera at  𝑁wavebands,  

p𝑔is  theenhanced  data, 𝑅 is  an  𝑁 × 𝑁  matrix given as follows 

[8], 
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𝜌 is set to be 0.99 in this work. 

 In order to obtain a three-dimensional RGB data, we convert 

the obtained𝑡, which contains the tristimulus values 𝑋𝑌𝑍, into 

the RGB color space using color space conversion function [9]  

 

C. Hue-preserving color image enhancement  

 

In part B, the palm vein features has been enhanced and 

effectively visualized in RGB image. In this section, we use hue-
preserving color image enhancement technology to carry further 

enhancement so that the new image is visually pleasing and also 

more suitable for analysis.  

The RGB image can be first transformed into Hue- 

Saturation-Brightness color space: 

 

 
V.CONCLUSION 

 

To solve the problem of shadow effect and give a better 

visualization, we proposed a palm vein enhancement method 
combining modified KL and hue preserving method.  

The modified KL method can produce a color palm image with 

the vein being enhanced in purple color. If there is shadow on 

the palm, this method will only enhance the vein itself and will 

not enhance the shadow. Therefore, the method can provide a 

pleasing and robust enhancement result, which is suitable for 

providing human machine interface of accesscontrol. The 

efficiency of Karhunen-Loeve (KL) transform is improved by 

using parallel approach.In future, the parallel approach is 

implemented in multicore systems in order to achieve high 

performance. 
The further enhanced image by using hue preserving method 

can give much more vein information than traditional 

enhancement, which makes this method is suitable for palmvein 

segmentation and recognition.  
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