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Abstract 

The proposed work is to design and develop an algorithm to evaluate the total haemoglobin level in the blood. 

The doctors should have a track of the haemoglobin level of their patients in hospitals because it plays a vital 

role during delivery, operations, monitoring patients in Intensive Care Units (ICU), donation of blood etc. At 

present the measurement of haemoglobin is a strenuous process as it is done using invasive methods and it 

might cause infections & is painful. In this approach a finger probe with five LED's and a Photodetector is used. 

The output voltage from the photodetector is passed through a signal conditioning amplifier (to eliminate noise 

and to enhance the voltage signal). The acquisition of signal from the finger is done through the 

Photoplethysmography (PPG) principle. The non-invasive method can be used over invasive methods because it 

is painless, infection free and the real-time results are obtained. The accuracy of the device is compared with the 

haemoglobin level measured from a pathological laboratory. haemoglobin is measured in g/dl (grams per 

decilitre). 
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1. Introduction 

Human Blood contains White blood cells, Red blood cells, Plasma and Platelets. Haemoglobin is a protein 

that gives the red pigment and maintains the shape of RBC. It contains Fe and carries O2 from the Lungs to the 

body tissues and collects CO2 released by the tissues back to Lungs. Two parts it has, namely heme and globin, 

heme contains iron and transports oxygen while globin is a complex macromolecular protein that keeps the 

haemoglobin liquefied. When haemoglobin combines with oxygen it is called oxyhaemoglobin and when it 

combines with carbon dioxide it is called carboxyhaemoglobin. It also acts as a buffer and interacts with other 

ligands. Haemoglobin measurement is a vital test that is performed during diagnosis of various medical issues 

such as Anaemia, Polycythemia, Sickle Cell Anaemia, thalassemia & other blood related disorders, it is also a 

part of normal routine tests that is to be done during pregnancy, before any surgery etc. Anaemia is a condition 

where the Haemoglobin level is below the threshold level, symptoms such as weakness, fatigue, shortness of 

breath etc.are observed. Polycythemia is a condition where the Haemoglobin level is above the maximum 

prescribed level, symptoms such as blurred vision, headaches etc are observed. Haemoglobin is measured in 

Grams per Deciliter. Haemoglobin levels for a Male can vary from 13.5 to 17.5g/dl and for Females from 12.0 

to 15.5g/dl.  

Haemoglobin test is done conventionally using a syringe till date, though the accuracy is higher with 

conventional testing, it is prone to infections, needs manpower and it takes time to obtain the results and can be 

performed only in authorised laboratories and hospitals. It is done by taking the blood sample and diluting it in a 

solution of potassium ferricyanide & potassium cyanide, this oxidises the iron in haemoglobin to ferric state to 
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form Methaemoglobin& hemiglobincyanide (HiCN). The absorbance of the obtained HiCN is compared to 

standard HiCN in order to determine the haemoglobin level. During Pandemics such as COVID-19 people 

(especially the senior citizens) cannot afford going out to a laboratory for testing by risking their lives. The 

Government itself prefers electronic portable devices for measuring certain vital parameters of the human body 

for door-to-door testing in times of such Pandemics. The non-invasive method is based on the PPG principle, 

that is based on determining the Volumetric changes in the blood. Other features besides haemoglobin level 

measurement are Pulse Rate and Body Temperature measurement. Pulse Rate is the number of heart beats per 

minute and body temperature is determined. 

 The Pulse Rate for at normal conditions ranges from 60 to 100 beats per minute. Absolute Error is defined 

as the difference between the obtained value and the actual value, it is calculated to show the accuracy in the 

obtained results. In a journal published by University of Limerick, one LED was used to determine the 

haemoglobin and later three LEDs were used and the absolute error had improved significantly. In the proposed 

system five LEDs are used to improve the absolute error and to produce more accurate error. . In a journal 

published by University of Limerick, 1 LED was used to determine the haemoglobin level. In  

another journal 3 LEDs were used and the absolute error had improved significantly. In the proposed 

system  5 LEDs are used to improve the absolute error and to produce more accurate error. 

2.Existing Method  

Till date Conventional method using syringe is done to determine haemoglobin levels in people. Though is a 

accurate method it poses some disadvantages such as, it is painful, may cause infection, takes time for getting 

the result and it cannot be done at doorstep as this method can be performed only in authorised laboratories. 

Hence non-invasive technique for determination of haemoglobin would be ideal for instantaneous result  and to 

have a painless diagnosis.  

 In the existing method three LEDs were used to detect the haemoglobin of humans. In this method accuracy 

was very less compared to the conventional method and the device used was a single purpose device. Hence, it 

is not reliable and expensive. 

Table1: Error Measurement by Existing Method 

 

F-Female, M-Male 

3 Proposed System 

Haemoglobin is a strong bio-marker for human beings and it is an important factor in blood. The 

haemoglobin measurement plays a major role during medical emergencies such as accidents, deliveries, 

operations, patient monitoring in Intensive Care Units (ICU). The measurement of haemoglobin using invasive 

methods is accurate and consistent but is painful and may cause infections 

 

Fig.1: Block Diagram of the Proposed work 
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Fig 2: Proposed prototype model 

With the increase in Medical emergencies over the years, Non-invasive method of measurement is more 

reliable compared to invasive method. There are a number of existing proposals in Non-Invasive methods, the 

major drawback of those are that they are less accurate compared to invasive methods. The major objective of 

the proposed system is to increase the accuracy of haemoglobin measurement done using Non-Invasive method. 

To Calculate total haemoglobin level in human beings, the level of Deoxy-haemoglobin and Oxy-haemoglobin 

of the respective person is required. Haemoglobin is measured in Grams per Decilitre (gm/dl). 

In the proposed system five LEDs are connected to Multi Chip LED on one side and the photodetector on the 

other side of the finger probe. The LEDs used are infrared LEDs of different wavelength such as 660nm, 

760nm, 810nm, 860nm, 930nm respectively. The light transmitted from the infrared LEDs is passed through the 

fingers and absorbed by the Photodetector on the other side. The wavelength of the lights are chosen based on 

the absorption level of haemoglobin species. The Deoxy-haemoglobin in blood is absorbed maximum at the 

wavelength ranging between 600 to 800nm and Oxy-haemoglobin is absorbed between wavelengths from 820 to 

1000nm. At 810 nm both Oxy-haemoglobin and Deoxy-haemoglobin are absorbed, hence it is known as 

Isosbestic point. 

The Photoplethysmography (PPG) signal for all the five LEDs are recorded in Arduino Software separately. 

The signal produces a low output voltage and the signal voltage is passed through the signal conditioning 

amplifier to minimize the noise and amplify the signal voltage. The amplified signal is given to the 

microcontroller (Arduino) interfaced with Analog to Digital Converter (ADC). The temperature and pulse rate 

sensors are also placed near the finger and the values obtained are given to the microcontroller. All the 

parameters i.e. temperature, pulse rate and haemoglobin are displayed on the Liquid Crystal Display (LCD). 

 

Fig.3: LED Wavelength response 

The System requires less power. It works in 5V DC supply. A 5-9V battery can be directly used. 

AC Source can also be used to source the system using appropriate conditioning elements. The 230V AC 

supply is step-down using a step-down transformer. The AC step down voltage is converted to DC voltage using 
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a Full Bridge Rectifier, to obtain continuous DC output voltage. This DC voltage is converted as per the 

requirement by eliminating noise by a Filter, which is the fed to the Microcontroller.  

4. Methodology 

The foremost intent of this paper is to estimate the total haemoglobin level that is found in RBCs of the 

human body. It is done through non-invasive methods using various components in order to improve the 

measurement accuracy and to obtain reliable results in real time.  

 

Fig.4: Functional Diagram of Proposed System 

1 Multi-Chip LEDs 

Multi-chip infrared LEDs of different wavelengths in the order 660nm, 760nm, 810nm, 860nm, 930nm are 

used. Multi-chip LEDs are cost effective, compact, radiation of heat is low and gives optical efficiency.  Each 

LEDs is activated in a successive manner and it is  safe as only less power is emitted and fingertips are 

uncovered in less than a minute .   

2 Photodetector  

A Photodetector converts the transmitted light from LEDs that penetrate through the finger, into voltage to 

obtain electrical signals. They  are necessary for various implementations like process control, safety and 

security.  The photodetector quiescent current is 120µA, and acts on a single supply voltage.  The supplied 

voltage is then passed to the signal conditioning unit.  

3 Signal Conditioning Amplifier  

A Signal conditioning amplifier is used to eliminate the noise that occurs along with the voltage signals 

which are in the order of millivolts. An active bandpass filter of 0.72 Hz to 2.82 Hz along with appropriate gain 

is employed for minimizing the noise distortion. In addition, with this it is also used to amplify the low voltage 

signal obtained from the photodetector to a considerable voltage level. 

4 Arduino UNO 

The Arduino Uno is a microcontroller board. It goes through 14 digital input/output pins, 16MHz crystal 

oscillator generating low frequency, an integrated circuit, a USB interface, power LED indicator, an ICSP 

header and a reset button. In this method of estimation haemoglobin with 5 LED probes, it holds the advantage 

of being non-invasive, real-time, and cost-effective as it involves the use of Arduino Uno in Embedded 

Platform, besides providing good accuracy.  

5 Temperature Sensor 

To keep an eye on the temperature of the human body while measuring the haemoglobin level, a thermistor 

is used. The operating range is -55°C to 150°C. A Thermistor is a temperature-sensitive resistor that outputs an 

analog signal which is interpreted to obtain the reading in Celsius (°C).  

6 Pulse Rate Sensor 

A pulse rate sensor is used to monitor physical parameter heartbeat rate in real- time. It is an integrated 

amplifying circuit working on PPG principle that senses the changes in volumetric blood flow during heartbeat 

as a change in the amount of infrared light channeled through the body.  The information is then addressed to 

the microcontroller to compute the beat per minute (BPM) rate 
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7 Analog To Digital Converter 

The analog to digital converter functioning is a 10-bit ADC. The amplified signal in the microcontroller is 

interfaced with ADC, which turns the analog voltage into a digital value. ADC converts an analog input value 

into quantifiable digital data so that it makes the process easier, more accurate and reliable by minimizing the 

errors.  

8 Liquid Crystal Display 

A liquid crystal display is interfaced with an Arduino to provide a user confederate to display the data in 

digital form. All the data acquired from analog to digital converter is finally displayed in LCD in real time 

monitoring itself. It consumes less power.  

The System requires less power. It works in 5V DC supply. A 5-9V battery can be directly used. 

AC Source can also be used to source the system using appropriate conditioning elements. The 230V AC 

supply is step-down using a step-down transformer. The AC step down voltage is converted to DC voltage using 

a Full Bridge Rectifier, to obtain continuous DC output voltage. This DC voltage is converted as per the 

requirement by eliminating noise by a Filter, which is the fed to the Microcontroller.  

5.Software 

A technique called Photoplethysmography (PPG) is used to determine the haemoglobin level in the blood. It 

is a optical measurement used to detect the blood volume changes in the microvascular tissue bed. A light 

source(LED) is used to illuminate the skin and measure the changes in light absorption is detected using a 

photodetector. The same principle is used in the heart rate sensors as well.  

 

 

Fig.5: PPG Transmissive Mode 

There are two modes of operation in PPG:  

1. Transmissive mode 

2. Reflective mode 

Transmissive mode is used here to measure the haemoglobin level and heart rate. In this mode light from 

Infra-red(IR) LED is transmitted through the medium and the change in intensity of light is calculated by the 

Photodetector(PD). 

The program to estimate the total haemoglobin level is fed into the microcontroller through the Arduino 

software. The PPG signals of all the five wavelengths are recorded on the serial monitor and it is stored for 

offline analysis. From the PPG graph obtained the peak and valley voltage of each wavelength are detected. The 

Haemoglobin is calculated and displayed on the liquid crystal display based on the code fed.  
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Fig.6: Flow chart for PPG 

The Total haemoglobin level is the sum of oxy-haemoglobin and deoxy-haemoglobin.  The oxy-

haemoglobin and deoxy-haemoglobin levels are detected individually and finally to find the total haemoglobin 

level  the absorbance of light has to be calculated, it can be deduced using Lambert-Beer law. The absorbance of 

light is given by  

𝐴 =  𝜀𝛾 ∗ 𝐶 ∗                                           ……..    (1) 

Where, A is absorbance  

γ is the wavelength 

 C is concentration of absorbent (mol) 

L is optical path length in the cm 

ε is the extinction coefficient of the substance at a specific wavelength, mol-l cm-l. 

The equation (1) is used to determine the absorbance of light by a single component, for the calculation of 

total haemoglobin this equation has to be summed for oxy and deoxy-haemoglobin.  
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Fig.7: PPG signal at different wavelengths 

Pulse Rate Sensor 

Pulse rate sensor is used to measure the heart pulse per minute. It also works on PPG principle and hence 

integrating Haemoglobin and Pulse rate measurement would make it a more efficient system, occupying less 

space.  

Alike haemoglobin measurement pulse rate measurement also consumes less power and requires a voltage of 

around 5V. It has an efficiency of 90-94%. The flow diagram of a pulse rate sensor is depicted in Fig 8. 

 

Fig.8: Flow diagram of Pulse rate sensor 

6. Results And Discussion 

The table below shows the comparison of measurement of haemoglobin using Invasive method with the 

measurement of haemoglobin level using Non-Invasive method. The estimation of haemoglobin with three and 

five LEDs using Non-Invasive method are tabulated. All the three values are compared. It is inferred that 
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haemoglobin level estimated with five LEDs using Non-Invasive method is more accurate than estimated with 

three LEDs and the values obtained are close to the haemoglobin estimated through Invasive method. 

Table 2: Error Measurement by Proposed Method 

 

F-Female (12 - 15.5g/dl), M-Male (13.5 – 17.5g/dl). 

If the haemoglobin result obtained is less than the normal range then the condition is called Anaemia and 

when the value obtained is more than the range specified then the condition is known as Polycythaemia.  

7. Conclusion 

The system is designed and developed for estimating the total haemoglobin level present in Red Blood Cells 

(RBC) of humans by monitoring the patient’s health in real-time with the help of an Arduino based embedded 

platform using Photoplethysmography (PPG) principle. This is done by non-invasive method using various 

integrants like finger probes, LEDs of different wavelengths sequentially in the order (670nm /770nm /810nm 

/850nm /950 nm), a photodetector, analog to digital converter, signal conditioning amplifier, trans-impedance 

amplifier. It was perceived that the haemoglobin measurement obtained with five wavelengths through the non-

invasive method was comparatively good with that of three LEDs results, thus showing good linearity with the 

Regression Coefficient (R2 = 0.964) and found that the mean absolute error between reference values and the 

estimated haemoglobin is 0.3499g/dL. Additionally, a temperature sensor and a pulse rate sensor are 

incorporated to look after the patient’s physiological state unobtrusively and comfortably. The non-invasive 

method is encouraged to measure Haemoglobin level since it is a vital factor in hospitals to supervise 

haemoglobin count during operations, blood donations, to screen for anaemia that results in shortness of breath, 

blood pressure test, observing patients in intensive care units, dialysis, etc. Concluding that, this system can 

substantially improve the performance of patient's health monitoring as it is cost-effective, compact in size, 

painless, non-infectious, portable testing and consumes less power. Furthermore, to reduce the complications 

and make it operator-independent we put forward a mobile application idea using IoT (Internet of Things) as an 

added abstraction for future scope. The application will assist patients in continuous observation and medication 

control. 

 

References 

 

[1]   C. Sharma, S. Kumar, A. Bhargava, S.R. Chowdhury, Field programmable gate array primarily based 

embedded system for non-invasive estimation of haemoglobin in blood victimization 

photoplethysmography, Int. J. Smart lens. Intel. Syst. half dozen (2013) 1267–1282, 

https://doi.org/10.21307/ijssis-2017-589. 

[2]  K. Abhishek, A.K. Saxena, R.K. Sonkar, Non-invasive measure of rate and haemoglobin concentration 

level through tip, 2015 IEEE International Conference on Signal process, scientific discipline, 

Communication and Energy Systems (SPICES), IEEE, 2015, pp. 1–4. 

https://doi.org/10.1364/boe.7.004313. 

[3]  A Microwave Frequency device for Non-Invasive Blood-Glucose measure Buford Randall Jean, Eric C 

and Melanie J. McClung Department of Electrical and laptop Engineering, Baylor University https://sci-

hub.se/https://doi.org/10.1109/SAS.2008.4472932 



Anaemia and Polycythaemia detection Using Non-Invasive Method 

2155 

[4]  B.N. Jadhav, A criticism on iron deficiency anaemia within the feminine population of developing Asian 

countries, Int. J. Fauna Stud. three (5) (2016) 116–119. J. Kraitl, H. Ewald, H. Gehring, A device to live 

blood parts by a photo-plethysmography methodology, J. Opt. A Pure Appl. Opt. seven (2005) 

https://doi.org/10.1088/1464-4258/7/6/010. 

[5]  S.Chugh, J. Kaur, Non-invasive haemoglobin monitor, 2015 International Conference on management, 

Communication and Computing Asian country, ICCC 2015 IEEE,380–383 

https://doi.org/10.1109/ICC.2015.7432925. 

[6]  T. Tamura, Y. Maeda, M. Sekine, M. Yoshida, wearable photoplethysmography sensors–past and gift, 

physical science three (2) (2014) 282–302, https://doi.org/10.3390/electronics3020282. Multi-

wavelength photo-plethysmography methodology for skin blood vessel pulse extraction, 

Biomed.7(2016) 4313–432 https://doi.org/10.1364/boe.7.004313. 

[7]  Ziemann M, Lizardo B, Geuzendam G and Schlenke P, "Reliability of capillary haemoglobin screening 

under routine conditions", Transfusion. 2011 Dec;51(12):2714-9.  doi: 10.1111/j.1537- 

2995.2011.03183.x. Epub 2011 May 20. 

[8]  J. Yuan, H. B. Ding, H. Gao, and Q. Lu,“Research on improving the accuracy of near infrared non-

invasive haemoglobin detection,” Infrared Phys. Technol. 72, 117–121 (2015). 

https://doi.org/10.1016/j.infrared.2015.06.009, Google Scholar Crossref 

[9]  J. W. Mcmurdy, G. D. Jay, S. Suner, and G. P. Crawford “Noninvasive optical, electrical, and acoustic 

methods of total haemoglobin determination” Clin. Chem. 54(2), 264–272 (2008). 

https://doi.org/10.1373/clinchem.2007.093948, Google Scholar Crossref 

[10]  J. Kraitl, H. Ewald, and H. Gehring,“An optical device to measure blood components by a 

photoplethysmography method,” J. Opt. A: Pure Appl. Opt. 7(6), S318 (2005). 

https://doi.org/10.1088/1464-4258/7/6/010, Google Scholar Crossref. 

[11]  K. J. Jeon, S.-J. Kim, K. K. Park, J.-W. Kim, and G. Yoon, “Non-invasive total hemoglobin 

measurement,” J. Biomed. Opt. 7(1), 45–50 (2002). https://doi.org/10.1117/1.1427047, Google Scholar 

Crossref. 

[12]  KYamakoshi, Y.Yamakoshi,“Pulse glucometry: A new approach for non-invasive blood glucose 

measurement using instantaneous differential near-infrared spectrophotometry,” J. Biomed. Opt. 11(5), 

054028 (2006). https://doi.org/10.1117/1.2360919, Google Scholar Crossref. 

[13]  Kratil, J., Ewald H.,”Results of haemoglobin concentration measurements in whole blood with an 

optical non-invasive method”,Photon08, Optics and Photonics, IOP Conference, p 77, Edinburgh UK, 

2008. 

[14]  Kumar Abhishek, Amodh Kant Saxena and Amodh, "Non-Invasive Measurement of Heart Rate and 

Haemoglobin Concentration Level Through Fingertip", 2015. 

https://doi.org/10.1109/SPICES.2015.7091549 

[15]  Raditya Artha Rochmanto, Hasballah Zakaria, Ratih Devi Alviana and Nurhalim Shahib, "Non-invasive 

Hemoglobin Measurement for Anaemia Diagnosis", 4th International Conference on Electrical 

Engineering Computer Science and Informatics (EECSI), 2017. 

https://doi.org/10.1109/EECSI.2017.8239096. 

[16]  Gazi Maruf Azmal, Adel Al-Jumaily and Moha’med Al-Jaafreh, "Continuous Measurement of Oxygen 

Saturation Level using Photoplethysmography Signal", International Conference on Biomedical and 

Pharmaceutical Engineering, 2006. https://ieeexplore.ieee.org/xpl/conhome/4155848/proceeding. 

[17]  J.W. Severinghaus, J.F. Kelleher, 1992, 'Recent developments in pulse oximetry', Anaesthesiology, 

76(6): 1018-1038. 

[18]  V.P. Azorin and P.R. Smith, 2005, 'Experimental setup for studies on non-contact PPG for pulse 

oximetry', ESC Division Research, Department of EEE, Loughborough University. 

[19]  Engin et al., "Portable heart rate monitoring system", 14th national conference on biomedical 

engineering, pp. 1-4, 20–22 may 2009, ISBN 978-1-4244-3606-4. 

[20]  M.I. Ibrahimy, F. Ahmed, M.A.M. Ali, and E. Zahedi,"Real-time signal processing for fetal heart-rate 

monitoring", IEEE Trans. on Biomedical Eng., Vol. 50, pp. 258-262, 2003.  



S Balamurugan, J S Shalini, M Snehitha, M R Tharuna Abinaya, P M Yuvashreee 

2156 

[21]  Photoplethysmogram (PPG) signal analysis and wavelet de-noising   

https://doi.org/10.1109/AICERA.2014.6908199 

https://ieeexplore.ieee.org/xpl/conhome/6895220/proceeding for removing AWGN from the PPG signal.  

[22]  Swarup S ”Fingertip Pulse Wave (PPG signal) Analysis and Heart Rate Detection " International Journal 

of Emerging Technology and Advanced Engineering, Volume 2, Issue 9, September 2012. 

[23]  Semmlow, John. L, "Bio-signal and Biomedical Image Processing Matlab-Based Applications," Robert 

Wood Johnson Medical School, New Brunswick, New Jersey, US. 

[24]  M. K. Diab. Masimo Corporation, "Plethysmograph Pulse Recognition Processor “U.S. Patent 

Application, US 044,918 B2, May 2006. 

[25]  O Abdallah, K Abo Alam, and A Bolz, "Towards Non-invasive Monitoring of Total Haemoglobin 

Concentration and Fractional Oxygen Saturation Based on Earlobe Pulse Oximetry" ,2008. 

[26]  Lee, H. et al.”Toward all-day wearable health monitoring: an ultralow-power, reflective organic pulse 

oximetry sensing patch”. Sci. Adv. 4, eaas9530, https://doi.org/10.1126/sciadv.aas9530 (2018). 

[27]  Chandrasekhar, A. et al.” Smart phone-based blood pressure monitoring via the oscillometric finger-

pressing method” Sci.Transl. Med. 10, https://doi.org/10.1126/scitranslmed.aap8674 (2018). 

[28]  Chen, Z., Ward, R. & Elgendi, M. Hypertension assessment using photoplethysmography: a risk 

stratification approach. J. Clin. Med. 8, 12 (2019). 

[29]  Liang, Y., Chen, Z., Ward, R. & Elgendi, M. Photoplethysmography and deep learning: enhancing 

hypertension risk stratification. Biosensors 8, 101 (2018). 

[30]  Van Gastel, M., Stuijk, S. & De Haan, G.”New principle for measuring arterial blood oxygenation, 

enabling motion-robust remote monitoring” Sci. Rep. 6, 38609 (2016). 

[31]  Liang, Y., Elgendi, M., Chen, Z. & Ward, R. An optimal filter for short photoplethysmogram signals. 

Sci Data 5, 180076 (2018). 

[32]  Waugh, W, Allen, J., Wightman, J. Sims, A. J & Beale, T. A. Novel signal noise reduction method 

through cluster analysis, applied to photoplethysmography. Comput. Math. Methods Med. 2018, 1–8 

(2018). 

[33]  Allen, J. Photoplethysmography and its application in clinical physiological measurement. Physiol. 

Meas. 28, R1–R39 (2007). 

[34]  Lee, H., Chung, H., Ko, H. & Lee, J.Wearable multichannel photo plethysmography framework for 

heart rate monitoring during intensive exercise. IEEE Sens. J. 18, 2983–2993 (2018). 

[35]  Elgendi, M. TERMA framework for biomedical signal analysis: an economic-inspired approach. 

Biosensors 6, https://doi.org/10.3390/bios6040055 (2016) 

 

  

 


