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ABSTRACT-The hemoglobin ( Hb) concentrat ion in human b lood i s  an important  parameter  to  

evalua te  the  physiological  condi t ion.  Currently invasive methods are  used  to  measure  (Hb)  

concent rat ion for  this  purpose  blood i s  taken and analysed.  The d isadvantage  of this method  i s  

the delay be tween the b lood col lec t ion and i t s  ana lys is which does no t  al lo w a real  t ime pat ient  

monitor ing in cr i t ica l  si tuat ions.  This paper  proposes a  lo w cost  method for  the est imation of  

hemoglobin concentrat ion us ing Photo -p le thesmography (PPG) technique.  The  proposed  method 

can be used  for  heal th moni tor ing purposes in  rural  areas.   
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I.  INTRODUCTION  

 

In recent studies it is discovered that more than 40% of Indian people were diagnosed with anemia. And also 

in the study conducted in America it is discovered that Anemia, high hemoglobin levels can increase risk of developing 

dementia.  

So there is a need for non-invasive measurements as invasive or a pinprick method is uncomfortable. In the 

perioperative area, the period before and after surgery, it is essential to measure diagnostic parameters such as oxygen 

saturation,   hemoglobin (Hb) concentration and pulse. The Hb concentration in human blood is an important parameter 

to evaluate the physiological condition. By determining the Hemoglobin concentration it is possible to observe 

imminent postoperative bleeding and autologous retransfusions.  

The level of hemoglobin is expressed in grams per decilitre (g/dl). Normal ranges for new-borns are 17 to 22 

gm/dl, for children it is 11 to 13 gm/dl. For adult males it ranges between 14 to 18 gm/dl, and for adult women it ranges 

between 12 to 16 gm/dl.  

Low hemoglobin levels may be a sign of Anemia, Thalassemia, Iron deficiency, Liver disease and cancer. 

High hemoglobin levels may be a sign of Lung disease, Heart disease, Polycythemia. So it is important to measure 

hemoglobin concentration non-invasively. Non-invasive measurement methods reduce discomfort to the patient, 

infections, time required for measurement and helps improve faster diagnosis. 

Photoplethysmograph (PPG) can be acquired as light absorbance changes in tissue during cardiac cycle and 

this can be related to mass of the hemoglobin. For PPG, we use light of wavelength 530.PPG is a simple, low cost 

reliable optical technique that can be used to detect blood parameters by passing electromagnetic light rays through the 

skin. The information about blood parameters is obtained non-invasively in contrast to the painful and inconvenient 
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invasive methods, with measurements generally made at the skin surface where upon it is easy to record data. During 

the process, changes in volume caused by blood pressure pulse is detected by illuminating the skin using a light 

emitting diode (LED) and measuring the amount of the light either transmitted or reflected through a light detector. The 

output signal from the light detector is processed by signal processing unit and it will give as an input to 

microcontroller for measurement of haemoglobin concentration. 

 

II. METHODOLOGY 

 

A. Basic Principle 

 

There are many methods involved when it comes to using non-invasive technique. In this paper reflection 

spectroscopy method is used [4] [5]. 

The relation between the absorption of light and the material property through which light transmitted is given by 

Beer Lambert’s law [4] [9]. This principle is used to estimate hemoglobin level in this work. According to this law 

 

T = I/Io = 10
-Ecl 

                                            ......... [Eq. 1] 

 

A= E*c*l = log  (T)                             . . . . . . .  [Eq.2]  

Where T is transmittance, A is absorbance, I is the intensity of  light transmitted through the material, Io is the 

intensity of light incident on the material, l is the length through which light travels inside the material (l = 0.6 cm), c is 

the concentration and E is the molar absorptivity of the material. The reflected light is then monitored, and the input 

voltage (Vin) and the incident and reflected intensities respectively because of their linear dependence on the same [7]. 

                                     Vin –  Vout     =10-Ecl                    . . . . . . .  [Eq.3]  

                                                       Vin  

B. Block Diagram and Algori thm  

 The s imple block d iagram sho wn in F ig.1  shows the implementa t ion of how the blood  

components i s  moni tored using a microcontro lle r  [4]  [7] .  

 

Fig.1  Block d iagram of proposed sys tem 
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  The sys tem consist s  o f a  sensor  which i s  p laced on the subjec t ’s  finger .  Sensor  is  

used to  ge t  information about o f mass o f  hemoglobin present  in the b lood.  Sensor  has  a  pa ir  o f 

photo source and photo  detec tor .  Output  vo ltage  changes in accordance wi th  the  absorbance of 

l ight  wi th t i ssue [2] .  As PPG waveform can be d ivided in  to  AC and DC part  [6] ,  only AC par t  

is  considered for  the measurement  o f hemoglobin concentra t ion to  achieve Individual  

discrepancy in the measurement  i . e .  e l imination of errors due to  individual ’s skin p igmenta tion  

e tc .  The peak vo ltageof AC par t  o f PPG  [9]  waveform during a cardiac cyc le represents  the  

mass o f hemoglobin.  

 The s ignal  acquis i t ion block for  PPG  [8]  consists  o f a  photo de tec tor  and LED (green)  

[1] .  Signal  acquired here is  passed through a low pass  f i l ter  wi th a  centre  frequency of 6  Hz.  

This e l iminates the high frequency noise s  in the  c ircui t .  The no tch fi l ter  removes  the 50 Hz 

power l ine inter ferences .  High pass f i l ter  o f centre  frequency 0 .8  Hz removes lo w frequency 

noise .  This  i s  then passed through  an ampli f ier  to  ampli fy the s ignal  wi th  the ga in 31 .  The lo w 

pass f i l ter  wi th 4 .8  Hz centre  f requency e l iminates the high frequency  no ise.  

 The output  o f  the  lo w pass f i l ter  s ignal  i s  conve rted  as digital  s igna l  by the Analog to  

Digita l  converter  (ADC) which i s  inbuil t  in microcontro ller .  These values wi l l  be given to  the  

microcontrol ler  for  the measurement o f hemoglobin concentrat ion.   

In this  projec t  we are using microcontro ller  STM32F103C8T6.  I t  is  compact  in size and 

programmed using Arduino IDE and up loads the  program using USB cab le.  This microcontro lle r  

processes  the  digital  values and provides  corresponding hemoglobin concent rat ion .  By us ing 

this concentrat ion va lues we can diagnose anemia and polycythemia condit ions.  

C.  Circuit  Analys is  

The output  from the sensor  i s  a  per iodic phys io logica l  waveform at tr ibuted to  smal l  

var ia t ions in the re flec ted green l ight  and i t  i s  caused by the  pulsing b lood volume ins ide  the  

f inger .  The waveform is  synchronous wi th the concentrat ion of hemoglobin.   

The output  o f photo detector  i s  a  weak signal .  I t  conta ins a  lot  o f no ise s superimposed on the  

AC s ignal  which i s  then f i l tered through a ser ies o f s ignal  process ing circuit s  using Op -Amp  

LM324N.To get  r id  o f the DC component and high frequency noise,  the combinatio n o f both 

HPF and  LPF as  sho wn in F ig.2  are used .  The  cut -off  frequency of the low pass  fi l te r  i s  

represented through  

                             Cut -off Freq.  = 1 /  (2π R*C)                                  ......... [Eq.4] 

The cut -off frequency of the low pass  fi l ter  i s  set  to  4 .8  Hz.  The ga in o f the s ignal  condi t ioning 

f i l ter  is  represented by  
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                                  Gain at  each s tage=1+ (Rf/Cf)                         . . . . . . . .  [ Eq.5]  

These three stages o f f i l ter ing and ampl i f ica t ion  [3]  conver t  the input signal  in to  pulses which 

are synchronous wi th the finger t ip  s ignal .  

III.  RESULTS AND DISCUSSIONS 

 

In this project ,  the  input vol tage  and output  vo l tage of  the sensor  are used as  parameters to  

the Beer  Lambert ’s Law, both  are  measured via the microcontrol ler ,  and  the mean va lues o f t he  

measurement  are taken for  calcula t ion.  The input vo ltage (Vin)  and output  o f re flected l ight  i s  

taken as subst i tutes for  the incident  and ref lec ted intensi t ies respec tively due to  their  l inear  

dependence on the same .  Thus ,  us ing  Eq .3 ,  hemoglobin concentra t ion is  es t imated.  

 

     

Fig.3  Output  o f s ignal  condit ioning c ircuit  a t  2  Hz  

Fig.2  Signal  condit ioning c ircuit  
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In the above figure  (3)  the output  of signal  condit ioning c ircui t  i s  given when the input  

signal  had a 2  Hz Frequency.  The output  signal  is  a  wide pulse wid th signal .    

 

Fig.4  Output  o f s ignal  condit ioning c ircuit  a t  5  Hz  

In the above figure (4)  the output  of signal  condit ioning c ircui t  i s  given when the input  

signal  had a 5  Hz Frequency.  The output  signal  is  a  narro w pulse width signal .  

 

Fig.5  Output  o f s ignal  condit ioning c ircuit  a t  10  Hz  

In the above f igure (5)  the output  o f  signal  condit ion ing circuit  i s  given wh en input  

signal  had a 10 Hz Frequency.  The output  signal  i s  a  narro w pulse  width signal .  
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Fig.6  Output  o f s ignal  condit ioning c ircuit  a t  15  Hz  

In the above f igure (6)  the output  o f  signal  condit ioning circuit  i s  given when input  

signal  had a 15 Hz Frequency.  The output  signal  i s  a  narro w pulse  width signal .  

 In above f igures  there is  a  var ia t ion in  output  as  per  change in f requency of  input  signal  

is  given.  Using these resul t s  we can determine that  i f  frequency increases there i s  a  change in  

hemoglobin concentra t ion.  The future work includes design por tab le measurement sy s tem for  

other  b lood components.     
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