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Abstract—Secured authentication method can be done using 

human body information called biometrics authentication. Palm 

vein pattern can be used as unique information in biometrics-

based authentication. This method of biometrics authentication 

has been developed by Fujitsu in their PalmSecure™ Biometrics 

Device. To reveal palm vein pattern, Fujitsu uses near-infrared 

imaging. This method has been proven to have high accuracy, high 

reliability, and high level of security because palm vein pattern 

cannot be duplicated since it is internal part of human body. This 

method can be applied as authentication in attendance record 

system such as in office and in school. In other hand, hemoglobin 

has unique characteristics under near-infrared spectroscopy and 

imaging, allowing us to measure its concentration using digital 

image processing. Both palm vein pattern authentication and 

hemoglobin measurement use nearly identical method—near-

infrared technology. Taking the advantage from this fact, we want 

to integrate attendance record system with qualitative hemoglobin 

measurement to give attendants an overview about their body 

health. It will be very useful to be implemented in busy area such 

as office and school because most people don’t care about their 

body health. Moreover, system can give suggestion to attendant 

how to improve their body health. This paper explain our 

investigation on how far we can integrate those two functions—

palm vein pattern authentication and hemoglobin measurement—

using PalmSecure™ Biometrics Device and its Software 

Development Kit (SDK) to build attendance record system. Last 

but not least, we hope our paper can trigger new innovation to 

create more advance system integration between authentication 

system and body health measurement. 

 
Index Terms— attendance record system, Fujitsu 

PalmSecure™ Biometrics Device, near-infrared technology, palm 

vein pattern authentication, qualitative hemoglobin measurement.  

 

I. INTRODUCTION 

NFORMATION security become our concern in our daily 

life today.  A lot of authentication methods have been applied 

to secure access to information. The usage of human body 

identity become one of the most secure and easiest 

authentication method. This method is called biometrics. 

Biometrics technology become popular technology because it 

takes advantages of human body physiology characteristics in 

order to verify someone identity. Human physiological 
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characteristics are unique for each people. Some of biometrics 

technologies are voice print, finger print, palm print, palm vein 

pattern, face recognition, iris scan, retina scan, and ear shape. 

 Among the various biometrics technologies that can be used 

to identify a person, human hand is the oldest, and perhaps the 

most successful form of biometrics technology [1]. Information 

that can be extracted from human hand including hand 

geometry, finger print, palm print, and vein blood vessel. These 

information have high level stability and reliability. Although 

someone grow to an adult, hand structures and its information 

remain stable throughout the person’s life [2]. Besides, human 

hand biometrics technology is relatively nonintrusive compared 

to iris scan or retina scan [3].   

 Hand-based biometrics technology are being used widely in 

attendance record system such as in office or in school. For 

example, at author’s college, Institut Teknologi Bandung, 

biometrics technology based on fingerprint has been applied in 

attendance record system for employees. This technology is 

very useful to help the administrator to monitor employees and 

make employees easier to record their attendance. Moreover, 

the usage of biometrics technology as authentication system 

will prevent some of problem that can be occurred, such as fake 

record. With this advantages, biometrics-based attendance 

record system is very convenient and useful to be applied at 

busy area such as office and school. 

 Unfortunately, until this time, based on author’s observation, 

hand biometrics based attendance record system still uses 

contact method to identify people. People have to touch the 

biometrics sensor which in return reduce the hygiene of the 

device. This contact method brings several problems. The first 

problem, contact method can facilitate bacteria or virus such as 

Influenza (H1N1) to spread from people to people.  Secondly, 

contact method will leave any traces of contact such as 

fingerprint. This trace can be used to reconstruct fake finger and 

can be used to authenticate [4]. Thirdly, biometrics sensors 

surface can easily dirty which can slightly decrease its 

sensitivity and performance.  

 Besides that, if we observe deeper into user’s health of 

attendance record system, not limited to contact method 

problem, we will find another problem. In a busy area such as 
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office and school, people tend to ignore their body health. They 

are busy with their work or assignment. We must put our 

concern with this problem because someone’s health will affect 

their productivity. We need a system that can be used to check 

and monitor someone’s health as easy as someone records their 

attendance in hand biometrics-based attendance record. So, the 

people can easily keep on eye their body health at that time and 

can take preventive action to prevent any unwanted health 

problem. It will be better if this health information and monitor 

system is contactless, noninvasive, and produce real-time 

result. 

 If we can combine the functionality of a biometrics device 

that take sample from human body physiology to be analyzed 

as authentication method and also to be analyzed to reveal body 

health information, we will get an authentication device that is 

integrated with body health information device. This 

combination will give a lot of advantages for human life 

including economical aspect, health aspect, and social aspect.  

In this paper we want to investigate how far we can combine 

these two functionalities in an attendance record system. We 

use Fujitsu PalmSecure™ Biometrics Device to collect palm 

vein data in near-infrared technology. Beside used as 

authentication, this data can be used to extract body health 

information because there is possibility to analyze hemoglobin 

concentration in near-infrared image. Hemoglobin 

concentration will reveal body health information. Moreover, 

Fujitsu PalmSecure™ Biometrics Device is a contactless, high 

accuracy, and high security biometrics device. We hope Fujitsu 

PalmSecure™ Biometrics Device can be used in this way.  

II. NEAR-INFRARED SPECTROSCOPY AND IMAGING 

Infrared is an electromagnetic radiation that has wavelength 

longer than visible light. It has wavelength in the range of 0.74 

µm until 0.3 mm [5]. With this wide range of wavelength, we 

can classify infrared into several classes. Moreover, infrared is 

widely used in our daily life. One of the most significant usage 

of infrared is in spectroscopy and imaging. 

Near-infrared spectroscopy is a spectroscopic method 

utilizing the near-infrared region of light [9]. Sample can be 

analyzed quantitatively or qualitatively by illuminating the 

sample and observing the absorption spectra which reflect 

absorption of light by each sample within specific wavelength 

ranges.  

A. Infrared Classification 

According to ISO 20473, there are three classes to classify 

infrared based on its wavelength [6]. The first class is called 

near-infrared (NIR) which has wavelength in the range of 0.78 

µm until 3 µm. The second class is called mid-infrared (MIR) 

which has wavelength of 3 µm until 50 µm. The third class is 

far-infrared (FIR) which has wavelength 50 µm until 1000 µm. 

Every class have their own characteristic and therefore, they 

might be used in different application throughout our daily life. 

In this paper, we will focus our attention into near-infrared class 

as it has special characteristic which is used extensively in this 

paper. The reason will be apparent later. 

B. Near-Infrared and Human’s Body Tissue Relationship 

If we want to look deeper into the usage of near-infrared, we 

will found spectacular relationship with human’s body tissue. 

Human’s body tissue have different absorption rate for different 

wavelength in near-infrared region. Based on this fact, near-

infrared can be used in human’s tissue spectroscopy and 

imaging. There are two different methods to use near-infrared 

in human’s tissue spectroscopy and imaging, the transmission 

method and reflection method. 

 Transmission method is done by emitting near-infrared 

wavelength to human’s body tissue. This method is only 

effective for distance less than 8 cm [7]. Then, human’s body 

tissue will transmit this wave before it is detected by a sensor. 

Then, the sensor and complex devices connected to it will 

analyze the intensity differences from the transmitted wave. 

This intensity differences can be used later as spectroscopy and 

imaging. 

 Reflection method is done by emitting near-infrared 

wavelength to human’s body tissue. Unlike the transmission 

method, this method doesn’t require the wave to travel through 

the human’s body tissue before it is detected by sensor. The 

sensor simply detects how much the wave is reflected by the 

human’s body tissue. By comparing the reflected wave 

intensity, we have a quantity to be used as measurement. 

 Near-infrared spectroscopy can be used as a method to 

measure hemoglobin and oxygen concentration in blood 

including blood flow itself [8]. The measurement of 

hemoglobin and oxygen concentration can be done 

noninvasively to monitor hemoglobin and oxygen 

concentration in brain, muscle, and other human’s tissue. With 

this method, we can detect the changes of hemoglobin and 

oxygen concentration because of the tissue activity, tissue 

abnormality, and tissue injury.  

C. Quantitative Measurement 

There is a quantitative method that can be used to measure 

sample concentration in near-infrared spectroscopy. The 

quantitative method is done by using Lambert-Beer Law. 

Suppose we have a sample of thickness 𝑑 that has concentration 

𝑐 and absorption coefficient of 𝜖 as shown in figure 1. Then we 

have light which has wavelength 𝜆  and intensity of 𝐼0(𝜆) 

illuminates the sample. If we observe that its intensity decreases 

to 𝐼𝑡(𝜆) as it passes through the sample, the absorbance 𝐴(𝜆) 

can be calculated from the following relationship. 

𝐴(𝜆) = − log
𝐼𝑡(𝜆)

𝐼0(𝜆)
 

Then, we will have a relationship between 𝐴(𝜆), 𝑐, and 𝑑. 

𝐴(𝜆) = 𝑐𝑑𝜖 

 
Fig. 1.  Spectroscopy Quantitative Measurement using Transmission Method 

and calculated using Lambert-Beer Law [10] 
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The last equation is called the Lambert-Beer law [10]. It 

indicates that the absorbance is proportional to the sample 

concentration and the thickness of the sample. This law is 

virtually applicable also in the case of reflection measurement 

by illuminating the sample and measuring the intensity of 

reflected light as shown in figure 2.  

 

If there are multiple samples, the total light absorption is the 

sum of absorbance of each sample. 

𝐴(𝜆) = ∑ 𝑐𝑖

𝑛

𝑖=1

𝑑𝑒𝑖 

 This equation, on which near-infrared spectroscopy is based, 

indicates that the intensity measured can reveal concentration 

of all sample available at the same wavelength.  

III. THE HEMOGLOBIN 

Hemoglobin is the protein molecule in red blood cells that 

carries oxygen from the lungs to the body’s tissues and returns 

carbon dioxide from the tissues back to the lungs [11]. 

Hemoglobin is made up of four protein molecules (globulin 

chains) that are connected together (Figure 3). 

 Each globulin chain contains an important central structure 

called the heme molecule. Embedded within the heme molecule 

is iron that is vital in transporting oxygen and carbon dioxide in 

our blood. The iron contained in hemoglobin is also responsible 

for the red color of blood. 

 Hemoglobin also plays an important role in maintaining the 

shape of the red blood cell [11]. Red blood cells have a natural 

shape round with narrow centers like a donut without a hole in 

the middle. Abnormal hemoglobin structure can, disrupt the 

shape of red blood cells and affect their function and flow 

through blood vessels [11]. Moreover, some of disease or body 

abnormality can be usually detected by measuring hemoglobin 

concentration so that next diagnose can be done based on 

hemoglobin measurement. 

A. Hemoglobin Measurement and Normal Concentration 

Hemoglobin is usually measured as a part of the complete 

blood count (CBC) from a blood sample [11]. Several 

methods exist for measuring hemoglobin. Most of which are 

done currently by automated machines designed to perform 

several different tests on blood. Within the machine, the red 

blood cells are broken down to get the hemoglobin into a 

solution. The free hemoglobin is exposed to a chemical 

containing cyanide which binds tightly with the hemoglobin 

molecule to form cyanomethemoglobin. By shining a light 

through the solution and measuring how much light is 

absorbed (specifically at a wavelength of 540 nanometers), 

the amount of hemoglobin can be determined [11]. 

The hemoglobin level is expressed as the amount of 

hemoglobin in grams (g) per deciliter (dL) of whole blood 

[11]. The normal ranges for hemoglobin depend on the age 

and, beginning in adolescence, the gender of the person. The 

normal ranges are given in the table below. 

B. Low Hemoglobin Level Indication 

A low hemoglobin level is referred to as anemia or low red 

blood count [11]. Lower than normal number of red blood cells 

is referred to as anemia and hemoglobin level reflects this 

number. There are many reasons for anemia. Some of the more 

common causes are: 

 Loss of blood (traumatic injury, surgery, bleeding, colon 

cancer, stomach ulcer), 

 Nutritional deficiency (iron, vitamin B12, folate), 

 Bone marrow problems (replacement of bone marrow by 

cancer), 

 Suppression by chemotherapy drugs, 

 Kidney failure, and 

 Abnormal hemoglobin structure (sickle cell anemia or 

thalassemia) [11], [13]. 

Low hemoglobin level will reduce oxygen supply to cells in 

body. This will decrease cell’s performance to perform its 

activity. Cells that has significant impact from low hemoglobin 

level are muscle cells and brain cells. These two type of cells 

are oxygen-demanded especially during high load activities. 

This significant impact can be seen directly from our qualitative 

observation. People with low hemoglobin level can get tired 

easily, sleepy, and decrease in daily productivity and activity. 

 
Fig. 2.  Spectroscopy Quantitative Measurement using Reflection Method and 

calculated using Lambert-Beer Law [10] 

 
Fig. 3.  Hemoglobin globular protein structure with heme group in green and 

protein subunits in red or blue. [12] 

TABLE I 

NORMAL HEMOGLOBIN CONCENTRATION  

BASED ON HUMAN AGE AND GENDER [11] 

Age Normal Concentration (g/dL) 

Newborns 17 to 22 

One week of age 15 to 20 

One month of age 11 to 15 

Children 11 to 13 

Adult Men 14 to 18 

Adult Women 12 to 16 

Men after middle age 12.4 to 14.9 

Women after middle age 11.7 to 13.8 

These values may vary slightly between laboratories. Some laboratories do 

not differentiate between adult and after middle age hemoglobin values. 
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C. High Hemoglobin Level Indication 

Higher than normal hemoglobin levels can be seen in people 

living at high altitudes and in people who smoke. Dehydration 

produces a falsely high hemoglobin measurement which 

disappears when proper fluid balance is restored [11].  

Some other infrequent causes are: 

 Advanced lung disease (i.e. emphysema), 

 Certain tumors, 

 A disorder of the bone marrow known as polycythemia 

rubra vera, and 

 Abuse of the drug erythropoietin (Epogen) by athletes 

for blood doping purposes [11]. 

D. Oxygenated and Deoxygenated Hemoglobin 

The hemoglobin molecule is the primary transporter of 

oxygen in mammals and many other species [12]. Hemoglobin 

has an oxygen binding capacity between 1.36 mL until 1.37 mL 

𝑂2 per gram Hemoglobin [14]. This increases the total blood 

oxygen capacity seventyfold compared to if oxygen solely was 

carried by its solubility of 0.03 mL 𝑂2 per liter blood per mmHg 

partial pressure of oxygen (approx. 100 mmHg in arteries) [15]. 

Under normal conditions in adult humans at rest, hemoglobin 

in blood leaving the lungs is about 98%-99% saturated with 

oxygen, achieving an oxygen delivery of between 950-1150 

mL/min to the body [16]. This hemoglobin state is called 

Oxygenated Hemoglobin. 

In a healthy adult at rest, oxygen consumption is 

approximately 200-250 mL/min [16]. So it will leave the blood 

returning to the lungs still has approximately 70%-78% 

saturated oxygen [17]. This hemoglobin state is called 

Deoxygenated Hemoglobin. 

 Increased oxygen consumption during sustained exercise 

reduces the oxygen saturation of venous blood which can reach 

less than 15% in a trained athlete although breathing rate and 

blood flow increase to compensate the need of oxygen. 

As we have seen, most of oxygenated hemoglobin flow in 

arterial blood vessel whereas deoxygenated hemoglobin flow in 

vein blood vessel. The structure of oxygenated hemoglobin and 

deoxygenated hemoglobin can be seen in figure 4 and figure 5. 

This different structure makes oxygenated hemoglobin and 

deoxygenated hemoglobin has different light absorbance 

characteristic in several wavelength as we will see later.  

E. Hemoglobin Absorption Spectrum in Near-Infrared 

As we have seen before, hemoglobin has two different 

structures that make each structure has different characteristics 

in spectroscopy including near-infrared spectroscopy. This 

differences can be used in hemoglobin concentration 

measurement using spectroscopy and imaging using specific 

wavelength, as we will see later. The absorbance of oxygenated 

hemoglobin (usually denoted by 𝐻𝑏𝑂2) and deoxygenated 

hemoglobin (usually denoted by 𝐻𝑏) is given in Figure 6 below. 

With this curve, we have ability to measure the concentration 

of both oxygenated hemoglobin and deoxygenated hemoglobin 

from near-infrared spectroscopy and imaging with specific 

wavelength. The data can be calculated with Lambert-Beer law 

to obtain the concentration in specific wavelength. Figure 8 

shows near-infrared image of blood vessel that contains 

different hemoglobin concentration.  

With this fact, we might have ability to analyze the 

concentration of hemoglobin from near-infrared image using 

advanced digital image processing algorithm to extract intensity 

of reflected or transmitted wavelength which is represented by 

the brightness of the image. The intensity can be used to 

calculate the concentration using Lambert-Beer law. 

 
Fig. 4.  Schematic diagram showing representation of electron density cloud 

of deoxygenated heme and oxygenated heme. [18] 

 
Fig. 5.  Molecules structure of heme group and a portion of the hemoglobin 

protein that is directly attached to the heme from Deoxygenated Hemoglobin 

and Oxygenated Hemoglobin. [18] 

 
Fig. 7.  Absorption Spectra Curve of Oxygenated Hemoglobin and 

Deoxygenated Hemoglobin in Near-Infrared Region of wavelength [19] 

 
Fig. 7.  Near-infrared image of blood vessel that contains two different 

hemoglobin concentration. [20] 
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IV. FUJITSU PALMSECURE™ BIOMETRICS DEVICE  

Fujitsu PalmSecure™ technology is a palm vein based 

authentication solution that utilizes industry-leading vascular 

pattern biometrics technology [21]. This award-winning 

innovation offers a highly reliable, contactless biometrics 

authentication solution that is non-intrusive and easy to use 

[21]. 

A. Sensor Imaging and Detection Method 

Fujitsu PalmSecure™ sensor uses near-infrared light to 

capture a person’s palm vein pattern, generating a unique 

biometrics template that is matched against pre-registered user 

palm vein patterns [21]. The palm vein device can only 

recognize the pattern if the blood is actively flowing within the 

individual’s veins, which means that forgery is virtually 

impossible [21]. In other words, this device can detect and reject 

dead hand from the flowing blood.  

Compared with a finger [22] 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 [23]. Moreover, a palm normally does not have 

hair which can be an obstacle for photographing the blood 

vessel pattern and it is less susceptible to a change in skin color 

[23].  

The deoxygenated hemoglobin in the vein vessels absorb 

light having a wavelength of about 760 µm within the near 

infrared area [24]. When the infrared ray image is captured, 

only the blood vessel pattern containing the deoxygenated 

hemoglobin is visible as a series of dark lines (figure 8). 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 and then matches it with the previously registered 

blood vessel pattern of the individual [23]. 

B. Advantages 

Compared to other biometrics authentication method, Fujitsu 

PalmSecure™ Biometrics Device has several advantages [23].  

 Contactless. The authentication can be made contactless 

to the device. Because of its contactless feature, it is very 

hygienic and stress free for public usage. 

 Easy to use. The authentication is done very easily. All 

we need is just hold our palm over the device and the 

device will capture vein pattern instantly. 

 Non-traceable. Because of contactless operation, the 

authentication doesn’t leave any biometrics footprint 

and trace behind that can reduce security significantly. 

 Advanced Authentication Accuracy. Fujitsu 

PalmSecure™ Biometrics Device has false rejection rate 

of 0.01% and false acceptance rate of 0.00008%. 

 High Security Level. Palm vein data is very difficult to 

duplicate as it is internal part of body. Moreover, the 

device can detect dead hand and reject it. 

 Easy Application. The idea of using palm vein pattern as 

authentication makes everyone easier to authenticate 

themselves as almost everyone can use it. 

C. Usage and Application 

Compared to other biometrics system, Fujitsu PalmSecure™ 

has high security level that can be used and applied for both 

personal use and public use. This fact makes Fujitsu 

PalmSecure™ ideal biometrics device. The position of Fujitsu 

PalmSecure™ against other biometrics system can be seen from 

figure 9. In other word, Fujitsu PalmSecure™ has flexible 

usage and application. 

Moreover, there is Software Development Kit (SDK) from 

Fujitsu that can be used to build authentication system based on 

Fujitsu PalmSecure™ Biometrics Device. With this SDK, we 

can rapidly build application based on our need. The SDK is 

available in common programming language like Visual C++, 

Java, and Visual Basic.  

V. ATTENDANCE RECORD USING FUJITSU PALMSECURE™ 

BIOMETRICS DEVICE 

A. The Idea 

Attendance record is a vital component in office, school, and 

other places that require monitoring of people’s attendance. 

Mostly, attendance record system is done using manual way. 

People come to administration desk and sign attendance form 

to record their attendance. 

This manual method, however, can be very cumbersome if 

there are a lot of people that must record their attendance at one 

time. At this point of usage, the manual method is clearly time-

consuming. Another disadvantage is that manual method has 

very low security level. People simply ask their friend to sign 

the attendance form with fake signature. All of these problems 

must be solved in order to increase efficiency and effectiveness 

of attendance record system and its administration.  

A lot of attendance record system have been developed based 

on biometrics authentication system using fingerprint. This help 

to reduce significantly the problems involved in manual 

 
Fig. 8.  Palm Vein Pattern Extraction. The left image is palm photograph under 

visible light wave. The middle image is palm photograph under near-infrared 

light wave. The right image is extracted palm vein pattern image from near-

infrared palm image which is processed using digital image processing. [25] 

 
Fig. 9.  Security Level and Application Comparison Fujitsu PalmSecure™ 

Biometrics Device against other Biometrics System [26] 
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method. But, fingerprint can be duplicate relatively easy. 

Moreover, the authentication based on fingerprint is non-

contactless method that can reduce level of hygiene and spread 

virus or bacteria as explained before.  

Fortunately, we have a great technology of authentication 

named Fujitsu PalmSecure™.  Fujitsu PalmSecure™ 

Biometrics Device has wide application range, easy to be used, 

and high level of security and accuracy. Moreover, Fujitsu 

PalmSecure™ uses contactless authentication method that 

increase level of hygiene significantly. This gives us hope to 

build secure, effective, and efficient attendance record system 

that care with attendant’s body health.  

Actually, in this paper, we will not focus in attendance record 

system because this attendance record system is used as an 

example of integration system with hemoglobin qualitative 

measurement system later.  

B. Application 

Attendance record system based on Fujitsu PalmSecure™ 

Biometrics Device in this paper is intended for demonstration 

only. Therefore we build simple prototype application using 

Fujitsu PalmSecure™ SDK in Visual C++ 2005. The block 

diagram of this attendance record system is show below. 

 With this system, administration of attendance record is 

never been this easy. Administrator can get the record and 

report every time he or she wants easily and quickly. Moreover, 

this system is very scalable. It can be connected into another 

administration system such as salary payment and statistical 

analyzer.  

VI. QUALITATIVE MEASUREMENT OF DEOXYGENATED 

HEMOGLOBIN USING FUJITSU PALMSECURE™ BIOMETRICS 

DEVICE 

As we have seen before, Fujitsu PalmSecure™ Biometrics 

Device uses near-infrared technology that in return produce 

near-infrared images. We have also seen that hemoglobin 

concentration can be measured using near-infrared 

spectroscopy and imaging. In this section, we want to analyze 

the near-infrared image produced by Fujitsu PalmSecure™ 

Biometrics Device. We want to extract information about 

hemoglobin concentration from this image. But, we are now 

interested in qualitative measurement of hemoglobin 

concentration in this paper.  

We also have seen that deoxygenated hemoglobin absorb 

near-infrared light with a wavelength about 760 µm. The light 

intensity absorbed by deoxygenated hemoglobin depends on 

concentration of deoxygenated hemoglobin. High 

concentration of deoxygenated hemoglobin will absorb more 

light intensity therefore it will appear darker. With this fact, we 

want to analyze the brightness of captured near-infrared palm 

image in order to obtain information about concentration 

deoxygenated hemoglobin. 

A. Palm Image in Near-Infrared 

Fujitsu PalmSecure™ Biometrics Device captures palm 

image under near-infrared condition. Thus, we will get near-

infrared image of palm. At this point, we cannot get any 

information from this image. This image must be analyzed and 

enhanced so that information can be extracted. Figure 11 shows 

near-infrared image of palm captured with Fujitsu 

PalmSecure™ Biometrics Device. 

B. Vein Image Extraction Algorithm using MATLAB® 

We want to analyze the near-infrared palm image using 

digital image processing. We use MATLAB® to process the 

image using Miura Maximum Curvature Method [22]. At this 

point, we do not set region of interest as we not build algorithm 

to detect palm region.  

 In the first step of this process, we read the near-infrared 

image and convert pixel data into two dimensions array. This 

data then converted to grayscale image so we can obtain 

information about its brightness.  

 The second step of this process, we use Miura Maximum 

Curvature Method [22] to extract and detect the vein pattern 

(figure 12). Unfortunately, we do not get clear image after we 

use Miura Maximum Curvature Method [22] in this point, so 

we need to convert the image into binary image (figure 13). 

Binary image contains simple information in binary number. So 

it will give 0 for black pixel and 1 for white pixel. We clearly 

lost information about the picture brightness. But, the 

information about brightness will be obtain using original near-

infrared palm image.  

In the next step, we want to invert the binary image so that 

we can eliminate unnecessary pixel information easily. But at 

this time, we will not use any image filter to filter unnecessary 

pixel information. The inverted binary image is shown in figure 

14. 

 
 

Fig. 10.  Attendance Record System using Fujitsu PalmSecure™ Biometrics 

Device and Its SDK 

 
Fig. 11.  Near-infrared palm image captured using Fujitsu PalmSecure™ 

Biometrics Device 
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 After we have inverted binary image, we face another 

problem. The Miura Maximum Curvature Method [22] read 

some false data and recognize sharp edges as palm vein. We do 

not want this false data. But, as we have mentioned before, we 

will not use any image filter in this paper. So at this point we 

will leave it intact. 

This inverted binary image, as we have mentioned before, 

doesn’t have any information about picture brightness in each 

pixel. However, to analyze concentration of hemoglobin 

qualitatively, we need information about picture brightness. We 

can get the picture brightness information from original near-

infrared palm image. The inverted binary image is used as 

guidance to read pixel-by-pixel information from original near-

infrared image. We will match pixel information at the same 

location of the image in original image and inverted binary 

image (figure 15). 

Based on information in inverted binary image, we read 

pixel-by-pixel in original image and pixel-by-pixel in inverted 

binary image concurrently. If we find pixel that has value of 0 

in inverted binary image (that is, a pixel that has black color 

representing vein pattern), we will leave pixel at the same 

location in original image remain intact. But, if we find pixel 

that has value of 1 in inverted binary image (that is, a pixel that 

has white color), we will set the brightness of pixel at the same 

location in original image with a value of 0, indicates that the 

pixel is not our point of interest. We will get palm vein pattern 

with brightness information in it as shown in figure 16. 

All of preparation have been done. Now we are ready to 

compute and analyze picture brightness. In this paper, we will 

use Sum and Average method to compute picture brightness 

from Figure 16. Because of the data representation is a two 

dimensional array (i.e. matrix), we will use two index to 

traverse all of pixel information. Index i will denote column 

location and j will denote row location. We need to traverse 

640x480 pixel. It will use simply formula shown below. 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =
∑ 𝑃𝑖𝑥𝑒𝑙 𝐵𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 (𝑖, 𝑗)

(640,480)
(𝑖=1,𝑗=1)

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜𝑛𝑧𝑒𝑟𝑜 𝑃𝑖𝑥𝑒𝑙 𝐵𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠
 

 

C. Qualitative Measurement 

We have had the average picture brightness from near-

infrared palm vein pattern image. Actually, this average value 

will be used as qualitative measurement of hemoglobin 

concentration. There are three level explained in this paper for 

example purpose only.  

 Average number is high. This indicates that 

deoxygenated hemoglobin concentration is low. We will 

note that this condition as low hemoglobin 

concentration. 

 
Fig. 12.  Output Image after processed using Miura Maximum Curvature 

Method [22] from Near-Infrared Palm Image. We cannot get clear image 

therefore it is difficult to process it. 

 
Fig. 13.  Binary image from output image after processed using Miura 

Maximum Curvature Method [22] from Near-Infrared Palm Image. We lost 

information about picture brightness since binary image only has 0 or 1 data. 

 
Fig. 14.  Inverted Binary image from figure 13.  

\  

Fig. 15.  The original image of near-infrared palm image combined with 

inverted binary image.  

 
Fig. 16.  Palm Vein Pattern Image that has brightness information  
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 Average number is in middle range. This indicates that 

hemoglobin concentration is normal. 

 Average number is low. This indicates that 

deoxygenated hemoglobin concentration is high. This 

might happen when people do heavy exercise or activity 

that consume a lot of energy and oxygen. This also 

indicates that the people are tired.  

These three levels can be used if we know the threshold 

value in average picture brightness. In this paper, we will use 

this average number in the range of 85-95 for normal 

hemoglobin concentration. Below that range, we classify as 

tired condition. Above that range, we classify as low 

hemoglobin condition. Note that this is for example purpose 

only.  

D. Application 

In this paper, we want to use this qualitative hemoglobin 

measurement in attendance record system using Fujitsu 

PalmSecure™ Biometrics Device. But, actually, the qualitative 

hemoglobin measurement is a flexible system that can be 

applied in wide range where PalmSecure™ Biometrics Device 

is used not limited to the attendance record.  

We will convert the algorithm we built in MATLAB® to 

Visual C++ so we can combine this functionality in the Fujitsu 

PalmSecure™ SDK.  

VII. SYSTEM INTEGRATION 

A. Build Application based-on SDK 

The application is built using Fujitsu PalmSecure™ SDK. 

We use Microsoft® Visual Studio 2005 to build and modify the 

SDK. The modification is relatively extensive. We modify the 

graphical user interface, user database, identify procedure, 

enrollment procedure, and add some new library to support 

digital image processing (figure 17).  

 The digital image processing algorithm is built using shared 

C++ library compiled using MATLAB® Compiler. Some of 

MATLAB® libraries are also used to support this functionality. 

We compiled this application for Windows x86 platform. The 

block diagram for this integration is shown in figure 18. 

B. System Testing 

The compiled application is tested for any bugs and 

unwanted behavior. We have traced and fixed several 

integration bugs. Finally, all of application functionality is 

working properly as we have expected before (Figure 19). 

 We have some problem at this point. The algorithm to 

process the near-infrared image consumes a lot of compute 

power. We have tested this under Intel® Mobility Core 2 Duo 

T7300 2.0 GHz processor and it took roughly 3 until 4 seconds 

to be completed. Therefore, we will need more powerful 

computing power in order to increase the system response.  

 The position of the hand is somewhat disturb the calculation 

which means that different hand position will produce little 

different result. This problem can be fixed using region of 

interest algorithm in the future development. 

C. System Usage 

The integration between attendance record system and 

qualitative hemoglobin measurement system using Fujitsu 

PalmSecure™ Biometrics Device give us a lot of advantages 

for human life.  

 The usage of Fujitsu PalmSecure™ Biometrics Device 

give us high level accuracy, high level security, and user 

friendly authentication system. Moreover, this 

authentication system has high level of hygiene because 

of contactless method. 

 The usage of palm vein pattern biometrics system in 

attendance record system give us much more 

advantages. This system can effectively and efficiently 

manages and monitors attendance record, eliminating 

 
 

Fig. 17.  Application Development based on Fujitsu PalmSecure™ SDK using 

Microsoft® Visual Studio 2005  

 
 

Fig. 18.  Block Diagram of System Integration  

 
 

Fig. 19.  Final system screenshot running on Windows XP x86.  
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the time wasted for records and managements as in the 

manual method. Moreover, this system is much secured 

and can prevent fake attendance record. It doesn’t use 

any paper to store information, reducing paper 

consumption therefore this system is good for our 

environment.  

 The usage of qualitative hemoglobin measurement gives 

us ability to monitor our body health easily, instantly, 

and efficiently without the need to hurt ourselves. 

Moreover, the system can give users recommendation to 

improve users’ body health. It doesn’t use any chemistry 

substance to measure users’ health, therefore reduce 

environmental impact. 

 The integration of this system gives us advantages in 

economical and health. In economical, we can monitor 

our health and improve it when we need and when we 

have to. Good body health will give good daily 

productivity therefore increasing economical level of 

human life. Moreover, our health can be easily 

monitored by the system so we can detect something 

abnormal in our body early before it is too late. All of 

these can be achieved using one integrated system that 

doesn’t need additional hardware and services therefore 

cost is significantly reduced. 

VIII. FUTURE IMPROVEMENT 

A. Attendance Record System Improvement 

The attendance record system can be still improved to add 

more functionality and capability. It can be build using SQL 

(Structured Query Language) server as database so that it can 

be accessed everywhere using PHP (Hypertext Preprocessor) 

throughout the web. Moreover, this can be connected into 

another application such as payment system. 

B. Hemoglobin Measurement Algorithm Improvement 

We really want to improve the algorithm to detect palm vein 

pattern, therefore reducing the amount of false detected region 

and hand position dependence. We want to learn Fujitsu 

PalmSecure™ algorithm to detect the palm vein pattern and 

apply this proven algorithm to measure the hemoglobin 

concentration. We also want to build algorithm to detect palm 

area as region of interest, therefore reducing the amount of 

computation needed for analysis.   

We also want to turn the qualitative measurement into 

quantitative measurement using the Lambert-Beer Equation. 

This breakthrough innovation will really add up to this system. 

C. System Integration Improvement 

System integration and system compatibility must be 

optimized to give user the best response time. Most of process 

can be done concurrently to improve performance and this is 

what we do not apply in this paper. Moreover, the use of GPU 

(Graphics Processing Unit) to analyze image can really speed 

up this process.  

D. Another Health Measurement Features 

There are several health measurement features that can 

possibly embedded into our system. With more measurement 

feature, people will know much more about their body health. 

Two health measurement features that can possibly embedded 

into our system is blood pressure measurement and water 

concentration in blood measurement. 

The Fujitsu PalmSecure™ can reject dead hand by detect 

blood flow through the vessel. We believe this technology can 

also be used to monitor the rate of blood flow, therefore we can 

get blood pressure. Blood pressure will give people another 

view about their body health.  

 There is possibility to measure water concentration in blood 

using Fujitsu PalmSecure™. The water has absorbance 

characteristic in near-infrared region of light as shown figure 

20. With this functionality, system can inform people about 

water concentration in their body and can give people warning 

if water concentration in their body below the normal threshold. 

As you know, water is crucial components in our body because 

more than two third of our body composed from water. This 

functionality, however, require knowledge about the hardware 

of Fujitsu PalmSecure™ itself. 

IX. CONCLUSION 

We can use Fujitsu PalmSecure™ Biometrics Device to 

capture our palm vein pattern under near-infrared as an 

authentication in attendance record system, giving as a lot of 

advantages compared to manual or fingerprint method. 

On the other hand, we can measure hemoglobin 

quantitatively using near-infrared palm image which is captured 

using Fujitsu PalmSecure™ Biometrics Device despite of the 

need to improve and optimize the algorithm. People can easily 

and instantly know their body health qualitatively without 

hurting themselves. But, in this paper, we only give 

measurement about deoxygenated hemoglobin. To make a total 

quantitative measurement, we also have to measure oxygenated 

hemoglobin concentration. Moreover, we have to compare the 

hemoglobin concentration with people age and gender to give 

valid system response (table 1).  

The integration of these two systems give us another big 

advantages for society, economics, and human health. This is 

what biometrics system we expected to be in future. It is not 

only take our part of body as sample to be analyzed for 

authentication, but also to be analyzed to give us information 

about our body health. This is very good idea and innovation 

for human life although the development of this idea is still to 

be done before people can really enjoy all of the advantages. 

More development can be done to improve functionality and 

usage of this system. 

 
 

Fig. 20.  Water Absorbance Characteristic under Near-Infrared region. [27]  
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