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Abstract 
 

The tissue blood flow (BF) and vascular resistance are the important information for consult peripheral vascular system which related to 

cardiovascular disease. Unfortunately, most of the current BF monitors are costly, built in huge size and preferable use in hospital and 

clinic. In the present study, a portable digit skin tissue BF measurement system had been developed using Near-infrared spectroscopy 

(NIRS) method with simple circuitry and low cost that can be afforded by patients to monitor their cardiovascular information. This sys-

tem consists of a self-developed NIRS probe; LED and a photodiode, and an Arduino Uno board with MATLAB software as the pro-

cessing unit. The NIR LED transmits 810 nm light source through biological tissue then detected by the photodiode. The output signal 

from the NIRS probe is based on resistance changes in the photodiode and by applying the voltage divider law, the signal is further pro-

cessed by the Arduino with the MATLAB software. Then, according to the modified Lambert-Beer Law in scattering medium, the 

change in total concentration of haemoglobin ( HbTotalc ) is plotted in order to get a quantitative BF reading which based on its maxi-

mum change during venous occlusion. To evaluate the proposed BF measurement system, BF measurement tests had been conducted on 

four healthy subjects during resting and after exercise. The study had shown that the results of BF after the exercise were in average of 

1.5 time higher than the resting BF and this finding agrees with previous research works. 
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1. Introduction 

Near infrared (NIR) is known as a light that able to penetrate deep 

into biological soft tissues according to two basic principles of 

NIR light; the transmission of tissue to the NIR and the absorption 

of NIR light of compounds in tissue is dependent to the oxygena-

tion status of the tissue [1]. Unlike the ultraviolet or x-ray, NIR 

can be utilized without any special training for operators because 

it has extremely low energy levels that does not damage living 

tissues.  

Near-infrared spectroscopy (NIRS) uses the NIR light to measure 

non-invasively concentration of haemoglobin, oxygen saturation 

and tissue BF [2]. NIRS provides wide range for clinical research 

tools and clinical applications. For instance, brain mapping stud-

ies, breast cancer detection and, noninvasive monitoring of blood 

oxygen saturation and bilirubin concentration [3,4,5]. This is be-

cause NIRS is non-invasive, portable and the technology is rela-

tively inexpensive that benefits to the users for daily monitoring of 

the cardiovascular information at home. 

Cardiovascular diseases also known as heart and blood vessel 

diseases. Cardiovascular diseases cause by the narrowed or 

blocked in blood vessels that could affect the supply of nutrient 

and oxygenated blood to function on legs, arms, feet and kidneys 

and could lead to a heart attack, chest pain or stroke. These diseas-

es can be prevented by monitoring cardiovascular information 

every day at the early stage to diagnose, cure and take adequate 

health cares to prevent the disease from getting serious. In fact, the 

cardiovascular information on peripheral vascular system such as 

vascular resistance and tissue BF are important for the arterial 

blood pressure measurement and they are frequently used in clini-

cal and hospitals for monitoring. With the current technology, 

there are several types of tissue BF monitor available in the mar-

ket, such as PSA-500 (Medical Bioscience, Japan) and moorVMS-

LDF laser Doppler but they are high cost and preferable use in 

hospital and clinic because of their relatively large size. 

Venous occlusion plethysmography is an old style technique used 

in the non- invasive measurement of BF, blood volume or known 

as vascular volume in organ or local tissue. The technique was 

first introduced by Hewlett and Zwaluwenburg over 90 years ago. 

The technique had been widely used for experimental, clinical 

setting and human vascular physiology in vivo research [6]. Now-

adays, there are many techniques can be used for measuring the 

vascular volume, one of it is using NIRS. Vascular volume in-

creases when the pressure of occluding cuff is inflated for venous 

occlusion, at the same time the concentration of haemoglobin at 

peripheral tissues will increase due to the arterial blood in flow 

and venous blood outflow from the interrupt. The increasing of 

vascular volume and the haemoglobin concentration both can be 

used for NIRS to calculate tissue BF [7]. 

Hence, the purpose of this project is to develop a portable skin 

tissue BF measurement system based on NIRS with venous occlu-

sion method. Different with pulse oximeter, the BF measurement 

system could provide the information of the change in concentra-

tion of total haemoglobin and the non-pulsatile volumetric tissue 

BF reading based on plethysmography method. With the help of 
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the system, patient can monitor their cardiovascular information 

every day for early stage of diagnose and taking adequate health 

cares. 

2. Methodology 

In the present study, a skin tissue BF measurement system at a 

digit (finger) based on the near-infrared spectroscopy (NIRS) has 

been developed by employing modified Lambert-Beer law to de-

termine the change of total haemoglobin concentration and then, 

the value of the BF through the venous occlusion method [8,9]. A 

portable NIR probe had been constructed using a minimal number 

of electronic components generally using an Arduino Uno micro-

controller, an NIR LED and a photodiode for a lower cost purpose. 

The signal acquired by the NIR probe will then be computed using 

MATLAB software and the results from the BF measurement will 

be displayed in the MATLAB GUI for monitoring. 

2.1. Modified Lambert-Beer law 

The modified Lambert-Beer law also known as Lambert-Beer law 

in scattering medium such as biological tissue. This law states that 

an absorbing chromophore dissolved in a non-absorbing medium, 

the attenuation in optical density is proportional to the concentra-

tion of the chromophores in the solution and the scattering optical 

distance [10]. Haemoglobin compounds in the tissue have an ab-

sorption characteristic in near-infrared light, thus the concentration 

of the haemoglobin can be determined through the near-infrared 

spectroscopic technique which represents the law. 

ΔA(t) is the change in the attenuation during t0 to t time variable, 

I0 is the light intensity incident on the tissue and I is the light in-

tensity transmitted through the tissue. Besides, )(
2
 HbO

and 

)( Hb
are the specific attenuation coefficient of oxygenated 

haemoglobin HbO2 and deoxygenated haemoglobin Hb, 

( )tcHbO2
 and ( )tcHb are the change in concentration of the 

HbO2 and the change in concentration of the Hb during t0 to t time 

variable and the differential path length, L is the true optical dis-

tance due to scattering which is the product of differential path 

length factor, DPF and direct light source and detector distance, d. 

The DPF is the scaling factor which relates separations between 

source and detector to the average path length light travels be-

tween the source and the detector, and it depends on several fac-

tors such as wavelength, age of the subject, and type of tissue 

[11,12]. 

From equation (1), the values of ( )tcHbO2
 and ( )tcHb can be 

calculated using two NIR lights with different wavelength, where 

the specific attenuation coefficients of HbO2 and Hb in the NIR 

range of 450 nm to 1000 nm wavelength [13]. Moreover, the sum 

of Hb and HbO2 concentration reflects the total amount of haemo-

globin, HbTotalc . According to the absorbance index of HbO2 

and Hb is around 810 nm [14], thus HbTotalc  can be calculated 

from the change in attenuation at this wavelength by applying the 

modified Lambert-Beer law in equation (2). The value of the spe-

cific attenuation coefficient of total amount of haemoglobin, 

)(TotalHb
for 810 nm wavelength is 0.858 (cm·mM)-1 which re-

ported by [15]. The DPF is 4.0, which is collected from the aver-

age values found for DPF in human forearm lie between 3.59 and 

4.57 [8], and d is 0.5 cm since the NIR light source and detector is 

designed based on a reflection mode and the depth of tissues 

measured by NIRS is assumed as half of d [16]. Where, the meas-

urement site is at subcutaneous tissue of a hand thumb with the 

depth of 0.18 to 0.25 mm [17]. Here, the subcutaneous tissue con-

tains larger blood vessels and nerves than those found in the der-

mis [18]. 
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2.2. NIRS based tissue blood flow  

To measure the BF using NIRS method, venous occlusion is ap-

plied by cuff inflate. When the venous occlusion is applied, arteri-

al blood inflow in peripheral region is not affected, while the ve-

nous blood out flow is interrupted, the blood volume is increased 

simultaneously and this leads to the increase of total haemoglobin 

concentration, where the maximum increase rate of total haemo-

globin concentration reflects the BF. The BF formula is as stated 

in equation (3), where
maxHbTotalc as shown in equation (4) is the 

maximum increase rate of total haemoglobin concentration. [Hb] 

is the haemoglobin concentration in the blood and the average 

concentration of haemoglobin is 14 g/dL in female and 16 g/dL in 

male [19]. The unit of BF is ml/(100g·min) by the fact that 1 mole 

of hemoglobin is equal to 6.8 x 104 g, the unit for 
maxHbTotalc is  

g/(l·min) and the tissue density is 1.06 g/ml where 1 liter of tissue 

can be assumed as 1060 gram of tissue. 
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2.3. NIR probe design 

The 810 nm NIR LED and a photodiode were used to design the 

NIR sensor based on a reflection mode. 810 nm was chosen as it is 

the haemoglobin isosbestic point used to measure the overall hae-

moglobin concentration of a NIR light [14]. According to Figure 1 

of the probe design for the NIR sensor, 0.5 cm distance between 

the NIR light source and detector was used so that the NIR light 

source can penetrate the depth of 0.25 cm where blood tissue in 

the skin layer can be found. Figure 2 shows the circuitry of the 

NIR sensor. This simple circuit consists of the LED and the pho-

todiode which respectively connected with the resistor and the 

potentiometer in series in order to keep the current and voltage in 

their forward current and voltage values, and the Arduino as the 

controller of signals from the NIR sensor, where the power supply 

and grounding are obtained from the Arduino Uno pin 5V and pin 

GND, respectively. According to the voltage divider rule, the in-

put signal from the NIR sensor will change according to the 

changes in the photodiode resistivity which based on the light 

intensity received from the NIR LED. Meanwhile the two 

1S2076A diodes were used as a protector from surge event. The 

prototype of the NIR sensor is as shown in Figure 3. 
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Fig. 1: Probe design for NIR sensor 

 

 
Fig. 2: Circuit design for NIR sensor 

 

 
Fig. 3: Prototype of the NIR sensor 

2.4. BF measurement procedure 

An experiment of the digit skin tissue BF measurement had been 

done based on the protocol as shown in Table 1. Four non-

smoking and healthy subjects (two females and males) were con-

tributed in this experiment, their details are presented in Table 2. 

According to Table 1, the measurement was started after each 

subject was given around five minutes rest, was waited for around 

15 seconds before the venous occlusion was applied to ensure that 

the basal line of HbTotalc  stayed in a stable equilibrium at a 

specific low value. Then, the venous occlusion with 50 to 80 

mmHg was applied and maintained for around 25 seconds to 

measure the BF. Here, the occlusion should be applied right after 

15-second of the measurement since the BF calculation was set 

starting at the 15-second for a duration of 25 seconds only. Then 

the cuff was deflated, where the HbTotalc  recovered in around 

20 seconds and back to basal line. 

The experiment was an evaluation test of the digit skin tissue BF 

measurement system based on a comparison of the BF readings 

during resting and after conducting an exercise. For the exercise, 

the subjects had to perform a five-minute rope jumping exercise 

followed by a five-minute resting period before the BF measure-

ment was done. During these experiments, the ambient tempera-

ture had been set to a room temperature of 26 °C, since changes in 

the temperature can cause changes in the BF reading. 

Table 1: Experiment protocol for the digit skin tissue BF measurement 

Rest Experiment for 60 seconds 

Rest before 

perform ex-

periment 

Wait for 

HbTotalc  to stay 

stable on a basal 

line 

Apply venous 

occlusion 50 to 

80 mmHg 

Release 

venous 

occlusion 

5 min. 15 sec. 25 sec. 20 sec. 

 

Figure 4 shows the block diagram of the digit BF measurement 

system. Based on the signal from the NIR sensor, the Arduino 

UNO will acquire the 810 nm NIR light intensity, I signal at 1 Hz 

sampling rate. Then, ΔA is calculated and based on the modified 

Lambert-Beer law, HbTotalc  is obtained to get a real time BF 

measurement through MATLAB. While, Figure 5 shows the 

HbTotalc  waveform from the MATLAB window where the BF 

can be obtained during the venous occlusion according to the max-

imum increase in HbTotalc , 
maxHbTotalc  divided by the haemo-

globin concentration in blood, [Hb]. 

 
Fig. 4: Block diagram of the digit skin tissue BF measurement system 
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Fig. 5: A sample of the BF measurement 

3. Results and Discussion 

In the present study, the digit skin tissue BF measurement had 

been done based on a comparison of the BF readings during rest-

ing and after conducting an exercise to evaluate the developed 

system. Table 2 shows the results of BF resting and after exercise 

for subjects A, B, C and D. From the results shown in Table 2, the 

BF after the exercise for subjects A, B, C and D, respectively were 

around 2.2, 1.4, 1.2 and 1.3 times the BF during the resting, with 

the average factor of 1.5. Moreover, it was found that the BF of 

the male subjects was higher than the BF of the female subjects. 

This is because the cardiac output which represents the blood vol-

ume is greater for males than for females [20] and an increase in 

blood volume increases the blood pressure, where the higher the 

pressure exerted by the heart, the faster blood will flow [21]. 

During the exercise, body muscles are working with some capaci-

ty, the cardiac output may increase to range 70% to 80% due to 

the oxygen consumption during exercise [22]. When body muscle 

require more oxygen which is transported by the red blood cells, 

the heart will begin to beat faster to pump the blood faster which 

will stimulate the increment in blood pressure within cardiovascu-

lar system in order to supply adequate oxygen to the whole body 

and at the same time increasing the BF in artery. The increased BF 

that is associated with increased metabolic activity of an organ or 

tissue is called as active hyperaemia. These results showed a good 

agreement with the previous study by [8] that found out from rest 

to exercise, the forearm BF in NIRS method increased significant-

ly with a factor of 1.4. Moreover, it was notified that the readings 

of resting BF from the digit skin tissue BF measurement system 

were comparable to a previous study in [9]. 

 

 

 

Table 2: BF results of four healthy subjects, A, B, C and D during resting and after exercise 

Subjects  Gender  Age 

(years) 

Weight 

(kg)  

Height 

(cm) 

BF during Resting (mL/100g.min) BF after Exercise (mL/100g.min) 

Exp.1 Exp.2 mean ± stand-

ard error 

Exp.1 Exp.2 mean ± stand-

ard error 

A Female  24 53 162 8.14 8.64 8.39 0.36 18.00 19.53 18.77 0.76 

B 25 55 157 10.08 11.84 10.96 1.25 15.23 15.34 15.28 0.05 

C Male  26 78 177 40.89 38.71 39.80 1.54 45.90 47.00 46.45 0.55 

D 26 88 180 29.75 28.67 29.21 0.76 38.56 38.00 38.28 0.28 

 

4. Conclusion 

In this research project, the NIRS digit skin tissue BF measure-

ment system that is able to monitor the non-pulsatile BF based on 

plethysmography method was successfully developed. The NIR 

sensor was developed for portable purposes with a simple circuitry 

and the Arduino UNO as controller. Then, the system was able to 

gain the BF reading in real-time by calculating the signal acquired 

by the sensor using MATLAB software. The system performance 

was tested by conducting an experiment comparing the BF during 

rest and after exercise, where the result had shown a good agree-

ment with the related previous research work. The NIRS digit BF 

measurement system is less expensive since it requires less com-

ponents to build. The simplicity of NIRS BF measurement system 

will make it gaining popularity for a range of research and medical 

applications. However, further improvement of NIRS BF meas-

urement system is required, such as integrations of an automatic 

cuff pressure pump and a graphical LCD toward a fully portable 

NIRS digit BF measurement system development. 
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