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ABSTRACT: Haemoglobin is one of the important factor in blood which can be used for various medical treatments 
and investigations of deceases. Quick results, low cost and comfort for patient are the basic needs of every technique 
and non-invasive technique fulfils all these requirements. Leading non-invasive technique is easiest technique for 
haemoglobin measurement. In this paper, we are discussing dual-wavelength haemoglobin measurement method for 
study and analysis of haemoglobin monitoring. Following principle of pulse oximeter, two wavelengths are used for 
reducing complications in analysis. Pulses of RED and IR signals are obtained and ratio of both AC and DC values of 
two signals are calculated. Ratio of ratio of RED and IR pulse values can give the strongest relationship with 
haemoglobin value.This relation can lead to accurate algorithm for calculation of haemoglobin value. 
 
KEYWORDS: Haemoglobin, pulse-oximeter, non-invasive, photoplethysmography, NIR spectroscopy. 

I. INTRODUCTION 
 

Haemoglobin value can be used for various prescriptions. When haemoglobin is measured in laboratory by taking out 
blood from body, then this method is said to be invasive method. This method is currently using in day to day life. Few 
drawbacks including this method are said to be requirement of time, painful process to patient and investment of cost as 
well as experienced manpower. To provide comfort to patient and avoiding those drawbacks, non-invasive technique 
can be used. Non-invasive measurement of blood is mean to be calculation of haemoglobin level in body without any 
extraction of blood from body. When blood flows from a body it carries oxygen molecules and passes it to tissues. 
Appropriate functioning of blood flowing in body tends to proper functioning of all organs in body[1]. For immediate 
knowledge of condition of patient, critical conditions in labour rooms as well as in operating theatre there is need of 
haemoglobin level[2]. Simultaneous and instant availability of haemoglobin values can be measured with the help of 
non-invasive method only. For the proper diagnosis of anemia which is related to haemoglobin concentration in body 
this method is useful. In addition, for treatment of dengue, it is needful[3]. Opinion of doctors are taken related to 
various medical camps carrying out in villages by different organization. According to survey, it is noted that many of 
patients do not want to do blood test because of pain in invasive method. Also, they told that it is long process and 
difficult to carry out haemoglobin measurement for every patient because of time requirement in this method. So, there 
is requirement of non-invasive method for overcoming all these problems. 
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Haemoglobin concentration measurement is related to pulsatile motion in arterial blood. When Blood flows through 
body, it flows in systolic and diastolic conditions. Amount of blood volume is more in systolic state and decreases in 
diastolic state. Near infrared (NIR) spectroscopy and photoplethysmography techniques are used in measurement. 
When light passes through body, some of light get absorbed by body and some of light get transmitted. PPG technique 
can calculate blood volume in particular area[4]. It can identify change in blood volume. When light of particular 
wavelength λ passes through finger, change in volume of blood due to systolic and diastolic states happens. At one side 
of finger light source such as LED is placed and at receiving end detector is kept. Transmitted light produces AC and 
DC components which are used for haemoglobin measurement[5]. 
Many non-invasive methods and devices are available which needs to be calibrated and analysed for more accurate 
results. Devices such as Masimo Pronto-7 and Orsense NBM-200 are recently using in market. These devices follow 
different techniques and have to calibrate more for removing few drawbacks. Pronto-7 has 0.1% of biasing as 
compared to laboratory values with multiple wavelengths which make more complications in results where NBM-200 
has 0.1g/dL of biasing[6, 7].Few of techniques are being used such as Occlusion spectroscopy invented by Orsence Ltd 
defines that blood at a fingertip is occluded and then light made to pass though it to calculate haemoglobin 
concentration[8]. Pulse co-oximetry technique given by Masimo corporation consists of passing of light using multi-
wavelength light source and reference signal for calculation of concentrations in blood. There are few errors occurs in 
techniques such as some improper physical construction of system as well as analysis[9].  
Proposed method in this paper is a study for the biological analysis of blood haemoglobin monitoring. In this study, we 
proposed new method which can be used for calibration of system. 

II. METHODOLOGY 
 

Method described is a dual wavelength pulse co-oximetry method. Two wavelengths are used following principle of 
pulse oximeter. According to principle of pulse oximeter, light is made to pass through fingertip and at the receiver side 
detector is placed to receive transmitted signals which will be used to calculate oxygen saturation and heart rate. Same 
principle is used to calculate haemoglobin value by using different wavelengths of light source and for developing 
algorithm which can give calibrated haemoglobin[10]. 
 
Selection of wavelength 
Concentration of Oxygenated (HbO2) and deoxygenated (HHb) blood values are required for measurement of oxygen 
saturation in body. This is the principle of pulse oximeter. But oxygen saturation is not directly proportional to 
haemoglobin concentration. So, we cannot define haemoglobin by relating it with oxygen saturation. This means we 
need to take different wavelengths values of light source from pulse oximeter. Haemoglobin concentration can be 
calculated at isobestic point as shown in figure which is at 810nm. At this point absorption coefficients of HHb and 
HbO2 values are same. According to study, red blood cells consist of water.  Above 1200nm, the values of HHb, HbO2 
and H2O are indistinguishable. So, we selected wavelength 1300nm which gives minimum distance between 
absorption coefficient of water and isobestic point[11]. 
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Figure 1: Absorption coefficient of HHb, HbO2 and H2O[11] 

Measuring method 
As stated by principle, photoplethysmography is used for obtaining pulse values. IR and RED signals of wavelength 
810nm and 1300nm gives values. For obtaining haemoglobin value, it is necessary calculate ratio of AC and DC values 
of both wavelengths. Taking ratio of ratio of both signals gives relation for haemoglobin value.  
 

 
Figure 2: AC and DC values in pulse[12] 
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By using wavelengths in same equation, 
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(2) 

Utilizing above equation it is possible to study and analyse relationship between haemoglobin and ration of ratio R. We 
will take multiple R values of different subjects of various ages and different haemoglobin values. R values of same 
person will be calculated for four to five times after some time span. Same procedure with few subjects will be carried 
out. Data collected can be used for observation and for investigation. 
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Basic model of methodology 

The block diagram of the system for the measurement of haemoglobin, non-invasively, is shown in Fig. 2. The clip-on 
sensor to be mounted on a finger of a patient being tested houses two light emitting diodes (LEDs D1and D2) on one 
side and a photodiode (D3 and D4) on the other side of a finger probe. LED D1 emits light at wave length λ1 and D2 
emits light at the wavelength λ2. This consists of two main parts in which one is signal conditioning of experiment and 
other is data acquisition part. In signal conditioning part, data is collected, separated and amplified. Amplified signal 
separately given to DAQ acquisition system for analysing. In second part, i.e. in data acquisition part, by using module 
NI 9205 signal is analysed and processed. This module is configured with PC by installing drivers of module. So, 
analog data is converted into digital with the help of module and results can be processed and analysed on screen of PC. 
 

 
Figure 3: Basic model of experiment 

III. DESIGN OF EXPERIMENT 
 

In first part of experiment, sensor is nothing but finger probe which have two light-emitting diodes of wavelength 
810nm and 1300nm. At opposite side, i.e. at receiver side of probe two photo-detectors are placed, which have good 
responsivity for the wavelengths 810nm and 1300nm. Say 810nm as λ1 and 1300nm as λ2. We are using different 2-
channel multi-boards for two different photodiodes. One is connected to photodiode FDS100 having responsivity in the 
range of 0.5(A/W) at 810nm and other FGA10 having responsivity in the range of 0.8(A/W) for wavelength 1300nm. 
When the light is made to pass through finger with the help of two different light emitting diodes simultaneously, some 
light will be absorbed by the blood in tissues and some light will be transmitted. Transmitted light is received by 
photodiode. According to functioning of photodiode, light is converted in the form of current. This current can be 
converted into voltage level by using transimpedance amplifier, Multifunctional 2-channel amplifier board has been 
used for this purpose. To measure the changes of arterial blood at 1300nm which is infrared signal, high pass filter has 
been used to filter out DC componentandIR signals penetrates more through skin so output power of photodiode for 
arterial blood at 1300nm is very less. This signal with lower power is further being amplified by using low power, dual 
operational amplifier (LM358) with gain of 50.The received signal includes noise in original signal due to 
electromagnetic interference which can be cancelled by using low pass filter with cut off frequency of 5Hz. 

Schematic diagram of circuit is given in figure 3. Trans-impedance amplifier, high pass filter and low pass 
filter in circuit is mentioned in diagram. There are two outputs, output1 and output2.Output1 is for IR led and output2 
is for RED led.  By using following schematic, we will get clear and visible IR and RED-light signals. This is whole 
hardware setup for experiment. 
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Figure 3: Schematic diagram for experiment 

 
Data acquisition using LabVIEW 

In the second part of experiment i.e. in data acquisition part, signals coming from amplifiers with some intensity are 
connected to NI 9205 with the help of connecting wires. Compact DAQ system is connected to PC with the help of 
USB cables. Here, analog values are converted into digital data. The processing and display software is written in 
LabVIEW 2016, from National Instruments, and executes on PC.Using above equation, ratio of ratio is calculated by 
taking negative and positive peaks of the signals. These peaks will be measured and ratio of both the peaks will be 
calculated. These both ratios are again used for taking their ratio. Calculated ratio of ratio will be our final results for 
analysis and observation for future work.  

IV. EXPERIMENTAL RESULTS 
 

The experimental has been an exploratory one, which provides an overview of the working the most basic and 
simplified way to measure haemoglobin non-invasively. The photo-detector signal is amplified and divided into the 
necessary parameters to compute the ratio of ratios which is used along with the absorptivity values to compute the 
haemoglobin. The whole instruments have been designed to calculate ratio of ratios of AC compound to DC compound 
of 810nm and 1300nm wavelengths. During the study following work is carried out. 

Given figure shows the separate signals obtaining from 810nm and 1300nm on digital storage oscilloscope. These 
signals are of different amplitude because RED signals get observed more by blood as compared with IR signal. So, 
Red signal have grater amplitude and IR signal have less amplitude. Both signals are used for further analysis in which 
these voltages are connected to DAQ system. 
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 (a) (b) 
 

 
To acquire PPG signal, work is done in LabVIEW using DAQ NI-USB-9205. The calculated ratios of ratio of AC 

component to DC component of 810nm and 1300nm wavelength and acquire PPG signal are shown in figure 37. 
Waveform graph for the acquired signal is shown. Filtered signals of both RED and IR calculates beat per minute and 
ratio of ratio. Calculations are done using program and real-time inputs for calculation of final results. As shown in 
figure 5 beat per minute (heart rate) and ratio of ratio is calculated. 

 

 
Figure 5: Beat per minute and ratio of ratio 

For more detailed analysis we have taken readings of few subjects.  Haemoglobin value of all subjects is calculated by 
using invasive method and using above program we have calculated ratio of ratio. Taking more than five trials of every 
subject, repeated value of ratio of ratio are calculated as shown in table. This ratio of ratio values denotes different 
values for different level of haemoglobin. 

Figure 4: (a) RED and IR signals on CRO (b) RED and IR signals in LabVIEW 
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Table 1: Observation table 

 

V. CONCLUSION  
 
A LED based haemoglobin measurement system (HMS) has been developed that is able to measure PPG-signals 

continuously of two specified wavelengths namely 810nm and 1300nm. Results denotes that there is strong relation 
between haemoglobin and ratio of ratio. According to analysis it is observed that ratio of ratio is directly proportional to 
haemoglobin value. Initial results for a non-invasive in-vivo measurement of the haemoglobin concentration of whole 
blood, indicate the possibility of accurately determining haemoglobin concentration using such a method. Using 
accurate algorithm and this relation it is possible to calculate accurate haemoglobin value. 
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