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Abstract 

Hemoglobin (Hb) is the most vital component in human blood, and is responsible for 
transporting oxygen from the lungs to the rest of our body. Hemoglobin level is an 
important clinical parameter for assessing anemia in both chronic and acute 
conditions, and is among the most commonly performed blood tests. This paper 
proposes an optical non-invasive technique for Hb concentration measurement. The 
system based on single wavelength spectrophotometry. In this system the optical 
transmission characteristics of hemoglobin is analyzed. The light from IR LED 
(840nm) is transmitted through finger and earlobe which is detected by IR detector. 
The received output is compared with the Hb value measured through conventional 
laboratory method and it was found that fingertip of a human being gives better result 
than earlobe. Using this method it is possible to estimate the parameter (hemoglobin) 
for infants, old-age people and pregnant women along with other population. This 
Non Invasive method aims to provide better outcome in terms of its use, convenience, 
cost and scalability. 
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1. INTRODUCTION 

Health care is one of the most important aspects in human life. Right from childhood 
up to the old age different health issues have to be considered.  Due to advent of 
electronics devices, the measurement and detection of various diseases have been 
possible. These devices have become so reliable that doctors, physicians, nurses, 
occupational therapists and other health care professionals can carry out their work 
suitably [1]. To evaluate the physiological condition, it is essential to measure 
diagnostic parameters such as oxygen saturation, hemoglobin etc. Hemoglobin (Hb) is 
the most vital component in human blood, and is responsible for transporting oxygen 
from the lungs to the rest of our body. Hemoglobin level is an important clinical 
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parameter for assessing anemia in both chronic and acute conditions. The practice in 
rural area for evaluation of Hb has been to use either pallor test or filter paper test or 
Sahli method. Some of the other methods for evaluation of Hb in one’s blood are 
Copper sulphate method; Hematocrit method by centrifuge; in these methods blood is 
drawn from the patient and is used to evaluate Hb using different reagents and some 
equipment. Different methods used for evaluation give the results with varying 
accuracy. The values obtained from different laboratories vary from each other. A 
noninvasive method allows pain free continuous on-line patient monitoring with 
minimum risk of infection and facilitates real time data monitoring .Since the near 
infrared light was found to penetrate a great depth into tissues, near-infrared 
spectroscopy has been developed into a noninvasive method for biomedical sensing 
and diagnosis. A non-invasive method allows pain free online patient monitoring and 
real-time data monitoring allows for immediate clinical reaction to the measured data. 
In [1], a system was designed where absorption of light by oxygenated and 
deoxygenated hemoglobin was measured at two wavelength 660nm and 940nm. The 
particular wavelength of light was obtained from red and IR LED. Constant current 
circuit was designed to drive the LEDs. Transmitted light through an area of skin on 
finger was detected by a photodiode. Ratio of red to IR signal after normalization was 
calculated for determination of Hb. In [2], a non-invasive method for hemoglobin 
detection was designed using Photo-plethysmography (PPG) technique. The PPG 
signal was obtained by illuminating light of red and infrared wavelengths at an 
extremity like a finger. The ratio of pulsating to non-pulsating components of both the 
wavelengths was used for the estimation of hemoglobin value. It can be an accurate 
method to monitor hemoglobin level with better timeliness compared with 
conventional intermittent blood sample analysis. It is helpful in blood management 
during surgery. In [2] assessment was done in measuring blood hematocrit 
noninvasively. In spite of the fact that there was a slant to gauge the hematocrit by 
deciding the bioelectrical impedance of the blood, in vitro exploratory strategies still 
remained for all intents and purposes inapplicable. The blood test size was resolved 
when blood tests were inspected. Deciding the impedance and volume of blood was 
the greatest test in measuring the hematocrit noninvasively without drawing a blood 
test. In [3], an optical non-intrusive method was proposed for Hb focus estimation. 
The framework was in view of single wavelength spectrophotometry. In this 
framework the optical retention qualities of oxygenated and deoxygenated 
hemoglobin was dissected. The light from diverse wave length LEDs 
(700nm&805nm) are transmitted through finger and detected by photodiode. The 
electrical signal was then changed over into computerized code and compared with 
the Hb esteem measured through traditional research facility strategy. The outcome 
for one specific wave length (700nm) demonstrated more connection with clinically 
measured Hb esteem. The capacity to noninvasively quantify the hemoglobin levels is 
a promising development in innovation. It can possibly diminish restorative expenses 
by decreasing the requirement for exorbitant, tedious, and conceivably excruciating 
blood draws that permit just sporadic and postponed estimations .This technique is the 
most straightforward strategy with extensive exactness’s. Once culminated, this plan 
of assessment of Hb in blood can be utilized widely as the strategy is basic, non-
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obtrusive, effectively convenient, and effortlessly operable and does not require 
administrations of experienced and gifted expert. 
 
 
2. THEORETICAL CONCEPT 

The principle of the measurement is based on the fact that there is a substantial 
absorption/transmission difference for light in near infrared region is dominated by 
diverse hemoglobin derivatives and blood plasma that consists mainly of water. It is 
well known that pulsatile changes of blood volume in tissue can be observed by 
measuring the transmission or reflection of light through the blood volume. 

 

Figure 1. Characterization of skin tissues at finger [4] 

 

The light vitality infiltrates through the skin of a finger or an earlobe to a profundity 
relying upon the wavelength of the source and the concentration of Hb and different 
elements of blood. The accuracy of noninvasive optical estimation of the focus 
changes in oxy, de-oxy, and add up to hemoglobin relies upon wave length [4]. 
Diverse wavelengths of the light vitality are expected to be transmitted, assimilated 
and reflected at different degrees. The measure of transmitted light is subject to the 
Hb centralization of blood. As the measures of Hb in the blood test builds, more 
assimilation happens and less light is transmitted and the other way around. The 
degree of infiltration is likewise subject to the Hb fixation in blood. In order to find 
out the concentration of hemoglobin, transmittance of light through the finger/earlobe 
was calculated using Beer Lambert’s law. 

Beer’s Law: The intensity of transmitted light decreases exponentially as 
concentration of the substance increases. 

Lambert’s law: The intensity of transmitted light decreases exponentially as the 
distance traveled through the substance increases. 

The Beer-Lambert law is the linear relationship between the concentration of the 
absorber and the absorbance of Electromagnetic radiation. The general Beer-
Lambert's law is given by: A = εCL  
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Where, A is the absorbance brought  by the solute, ε is the wavelength dependent- 
molar absorptivity coefficient of the solute, L is the path length and C is the 
concentration of the solute in the arrangement[5]. Trial estimations are made 
regarding transmittance (T), which is characterized as:  

T =I0/I1 

Where, I0 is the light transmitted through the sample and I1 is the light without the 
sample. The relation between absorbance at a particular wavelength and transmittance 
is given as: 

A= - log (T) = - log [I0/I1] 

For given launching conditions, the extent of absorbance of light is directly 
proportional to hemoglobin concentration in blood and transmittance is inversely 
proportional to hemoglobin concentration. 

 

2.1. Optical sensor system configuration 

Numerous advantages of light over electronic systems have boosted the utility and 
demand for optical sensors in various fields. Optical sensor systems offer a wide 
spectrum of advantages over traditional sensing systems. An optical sensor system 
used here is basically comprised of a light source (LED), sensing element and IR 
detector. 

 
Figure 2. Block diagram of optical based sensor system for detection and monitoring 

of hemoglobin using fingertip and earlobe. 

 

The light from the LED is made to pass through the area of an indexed finger and 
earlobe. The light that gets partially transmitted through blood is received on an IR 
detector. Output from the receiver is compared with Hb measured with conventional 
laboratory method and analyzed. The transmitter side comprises of 840 nm IR LED 
with greatest forward voltage of 1.5 V (DC) and forward current of 1.0 amp. The 840 
nm IR led likewise has a greatest power dissipation of 90 MW with working 
temperature of 40-85`C. A 5v control supply was given at the transmitter side. The 
recipient side comprises of an IR detector, resistors, operation amp Lm358. The IR 
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led has a power dissipation  of 115 Mw with working temperature of 40-100`C and 
forward voltage of greatest 1.3 v. Operation amp Lm358 has an input voltage of 5v 
with working temperature between 0-70`C and internal frequency compensated for 
unity gain. 

 

3. RESULTS AND DISCUSSION 

A trial was completed with 30 individuals of various ages, utilizing the gadget being 
created at doctor's facility site. The population has diverse age, sexual orientation, 
stature, weight, and composition. Their Hb was measured utilizing the standard 
machine at first. The data was recorded, and after that the optical setup was utilized to 
quantify the Hb level. Test was done with IR led (840 nm) and IR detector. The yield 
of the identifier mirrored the convergence of Hb incentive in blood. So as to plan an 
optical based sensor framework for non-obtrusive hemoglobin discovery, the measure 
of light transmitted through blood at the fingertip and earlobe is considered. 
Volunteers and patients were made to sit for 2 minutes at room temperature before 
estimation with the optical setup. The indexed finger/earlobe was put between the IR 
led and the detector and hemoglobin levels were resolved as voltage. The outcomes 
for 3 volunteers and 2 patients were barred from examination due to the fact that their 
information was viewed as less dependable. The transmittance of entire blood in the 
obvious and close infrared range is dominated by the diverse hemoglobin derivatives 
and the blood plasma that comprises principally of water. It is well known that 
pulsatile changes of blood volume in tissue can be seen by measuring the transmission 
or reflection of light through the blood volume. 

 
 

Figure 3: Graph of hemoglobin vs. transmittance of age group 20-64 using IR led and 
IR detector with fingertip 

 

From the above graph, it is seen that as the hemoglobin of a person increases, 
transmittance decreases. The correlation between the parameter used i.e. hemoglobin 
and transmittance of age group 20-26 is -0.95 and in regression, the coefficient of 
determination R2 = 0.97 which shows that the regression line fits well with the real 
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data points. Thus the strength of the transmitted light gives an indication of the 
amount of total Hb (reduced and oxygenated Hb) present in blood. 

 
Figure 4: Graph of hemoglobin vs. transmittance of age group 20-64 using IR led and 

IR detector with earlobe 

 

From the above graph, it is seen that even earlobe reading shows that an increase in 
hemoglobin results in a decrease of transmittance of light. The correlation between 
the parameter used i.e. hemoglobin and transmittance of age group 20-26 is -0.75 and 
the regression line does not fit so well with the real data points. Thus the strength of 
the transmitted light could not give a proper indication of the amount of total Hb 
(reduced and oxygenated Hb) present in blood using earlobe compared to fingertip. 

From the experiment that was carried out with 30 people of different race, age, 
weight, height etc., an optical sensor was developed for measurement of hemoglobin 
by using wavelength 840nm.Output voltage is measured using multimeter, the 
following results/estimation was made. Voltage observed as follows: Source wave 
length 840nm: 

 

Table 1: Table representing voltage acquired for different hemoglobin levels. 

Hemoglobin level Voltage reading 

7-9g/dl 2.17-2.11V 

10-11g/dl 1.88-1.65V 

12-13 g/dl 1.51-1.11V 

14-15g/dl 1.07-1.02V 

 

4. CONCLUSION 

This paper proposes an optical sensor framework based noninvasive gadget for 
estimation of hemoglobin in blood. By comparing the readings, it is seen that as the 
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hemoglobin of a man expands, the transmittance from the finger diminishes. IR LED 
gives better result compared with other led. Fingertip of a person gives better outcome 
than earlobe. The final device that is created is small in size considering all the 
observed factors. The gadget won't require any operational expertise; it can be utilized 
by anyone and anywhere. As of now, obtrusive techniques are utilized to quantify the 
Hb content. For this reason blood is taken and examined. The hindrance of this 
technique is the delay between the blood gathering and its investigation, which does 
not allow an ongoing patient observing in basic circumstances. The created sensor 
gadget will be reasonable for non-intrusive continuous monitoring of patient. The 
advantage of this measuring procedure will be autonomous of blood tests and this 
permits a base danger of contamination and will make possible to respond instantly on 
the deliberate information. 
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