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Abstract: The research paper presents a unique approach for the estimation of haemoglobin non-invasively. This 

research paper for the estimation requires both software and hardware. The hardware consists of a sensors with both Infrared 

LED and Red LED along with a photodetector to acquire the signals by the process of illuminating a finger and a 

microcontroller for the estimation of haemoglobin using Photo-plethysmography (PPG) principle. The signals obtained can 

be taken at any extremity such as a finger or earlobe and with monochromatic light for a specified wavelength. The practical 

equation for the calculation of haemoglobin content in blood is derived using a model for attenuation of light through skin-

bone-blood in that extremity, using well known extinction coefficients of hemoglobin (with and without oxygen). Further 

analysis of the obtained signal is done using software methods like signal processing and filtering. The conclusion for the 

measurements with a suitable solution is presented and further refinement in the study is necessary.  

 

Index: haemoglobin, Photo-plethysmography, LED    

 

I. INTRODUCTION 
 

An anemia is not diagnosed with just the physical examination but also includes the measurement of blood haemoglobin, 

which is one of the most frequently recommended laboratory tests. As the technology is rapidly growing the use of non-

invasive technology for estimation of various medical parameters is grown as well. Thus one of the recent advances of these 

is the measurement of Haemoglobin concentration with the help of pulse oximetry procedure. The IR LED is used to 

estimate Heart Rate. IR LED and Red LED both are used to estimate the Oxygen Saturation and Hemoglobin concentration. 

According to literature survey, O. Abdallah et al, used earlobe as an extremity for illuminating the light source instead of 

only using a finger [1]. An adaptive filter was used to overcome motion artifact effect in ambulance, for retrieving consistent 

measurements. Measuring System consists of Earlobe and fingertip sensors which are developed for the detection of the 

PPG signals. A printed circuit was also developed for the driving of the LEDs and for the detection of signals from the 

photo detectors. The measured signals have been digitalized and then processed using LabVIEW. 

Kawther Abo Alam’s main aim of the report is Non-invasive determination [2] of total hemoglobin (tHb) concentration, 

reduced hemoglobin (RHb) ratio, carboxyhemoglobin (COHb) ratio, oxyhemoglobin (O2Hb) ratio and methemoglobin 

(MetHb) ratio. 

The two approaches mentioned are: 

 Based on modified Lambert-Beer’s law. This approach was used for the estimation of the previously mentioned physiological 

variables by considering two methods. Each method contains its own different equation, which was derived according to 

the principles of the pulse oximetry and modified Lambert-Beer law. 

 A fuzzy expert system with a fuzzy rule was developed to describe the process and operations of the measurements which 

was also based upon the basis of pulse oximetry.  

Kumar R et al has proposed an optical non-invasive technique for Hb concentration measurement [3]. The device consists 

of two LEDs of different wave lengths. The output of the photodiode is sent to current – voltage converter, and then it is 

coupled with the Analog to Digital converter. The output of the ADC is given to microcontroller for further processing.  

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 4, APRIL/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/411



 

 

 

The output is displayed on an LCD display. This experiment was conducted with both LEDs separately. The output of the 

detector reflects the concentration of Hb value in blood. The result shows more correlation with clinically measured invasive 

Hb value. 

A. Mohamed Abbas et al, has proposed to measure haemoglobin content in blood using the photoplethysmographic (PPG) 

signals [4]. Calculation of hemoglobin content is derived using the extinction coefficients which are well known of 

hemoglobin, attenuation of light through skin-bone-blood in that extremity and data collected from the clinical study. 

Sigview software is used for the recording of the signal and Photoplethysmographic (PPG) algorithm is used to fetch the 

data for computation. The result obtained from Photoplethysmography (PPG) was taken for the regressive analysis and then 

finally the hemoglobin content has been determined. 

Kumar Abhishek et al. have proposed a low cost effective system for the estimation of blood parameters (heart rate and the 

Haemoglobin) using Photoplethysmography (PPG) technique [5]. Data is obtained from the fingertip non-invasively with 

the help of LEDs as a light source and a photo transistor to detect the change. The detected change in the signal received 

from fingertip is firstly processed with the analog filters and the filtered output is sent to a computer through a 

microcontroller interface to be processed to estimate the parameters using MATLAB. 

 

II. PROPOSED METHOD 
 

The system consists of light source which are IR LED and the Red LED and a detector which is a photodiode together in 

a sensor along with the signal conditioning circuitry. Microcontroller is used for the acquiring of the IR and Red LED values. 

Microcontroller software is used for the communication between the PC and the Sensor. The incoming sensor values are 

recorded using the RS232 to store the values. The stored values are loaded into the software for further calculation of spo2 

and Haemoglobin Measurement (Hb). The complete block diagram of the proposed method is mention in the Fig. 1. 

 
Fig. 1 Block Diagram of the above Proposed Method 
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A. Heart Rate Measurement 
The sequence of steps followed for the measurement of heart rate from the IR values. 

 Initialized the I2C port by specifying the speed and the other header files 

 Configured the sensor with the default settings 

 The required IR values acquired are checked for whether the beat is sensed or not. 

 If sensed, calculated the time taken for a beat to be sensed. 

 As the time is measured for heart rate in BPM (Beats per minute). 

The step by step process is mention in the below Fig. 2. 

 
Fig. 2 Program Flow for Heart rate Measurement 

 

B. Saturation percentage of oxygen (Spo2) 
The Spo2 is measured using both the IR LED and the Red LED. The AC and the DC values are calculated from the acquired 

PPG signals for both the LEDS and applied to the formula for the Spo2 measurement.  

 

The pseudo code for the procedure is as follows:  

 

Acquire the PPG signals 

Calculation of AC & DC for both the wavelengths 

Obtain the AC/DC ratio for two different wavelengths 

Obtaining the R = Red(AC/DC)/IR(AC/DC) 

Calculation of the Spo2 value based on the formula 

 

C. Non-invasive haemoglobin Measurement 
The non-invasive measurement is carried out by using the principles of beer- lamberts law. 

The step by step procedure is as follows: 

 The AC and DC value for both the wavelengths from the acquired PPG signals is measured. 

 Reading the extinction coefficients (����� , ����) at the two wavelengths. 

 The Kλ value is calculated for each wavelength. 

 By solving the equations, acquired the values of the concentrations for the calculation of Haemoglobin for two different 

wavelengths. 
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 The summation of the concentration will give the Haemoglobin concentration. 

�� =  ����� + ����  
 

III. RESULTS 
 

The graphs of the obtained IR LED and Red LED are shown in the Fig. 3 and Fig. 4. 

 
Fig. 3 IR LED Graph 

 
Fig. 4 Red LED Graph 

The spo2 percentage is calculated by taking the average of the spo2 % obtained by at least 10 samples. The sample spo2 % 

measured screenshot is showed in Fig. 5.  

 
Fig. 5 Screenshot of percentage of Spo2  
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The Haemoglobin (Hb) measured is compared with invasive and non-invasive techniques by approximating the Kλ values is 

given in the following Table 1 

TABLE I 

 COMPARISON OF HAEMOGLOBIN VALUES 

Subjects Kλ value Hb gm/dL (Non-

Invasive) 

Hb gm/dL (Invasive-

Tested in Diagnostic 

center) 
�� �� 

A 0.25 0.57 9.4 8.8 

B 0.25 0.29 13.4 12.4 

C 0.25 0.27 13.1 13.5 

D 0.25 0.2 17.9 17.3 

 

IV. CONCLUSION 
 

In general, application of invasive measurement procedure for calculating/obtaining  the physiological variables has many 

disadvantages, Such as blood loss, time consumption, lack of continuous measurements, risk of infection and pain for some 

patients.  

 

The main emphasis of this work is to measure Hb concentration non-invasively. The heart rate and Spo2 is also measured 

and the results obtained do not vary much with the other procedures available in the market.  

Further normalization of these values is under progression. The obtained parameters of Hb are analyzed and the conclusions 

of the results are drawn based on the comparative study. The non-invasive measurement results are compared with the 

invasive measurements for further error approximations. 
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