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Analysis of blood substances such as hemoglobin, glucose, protein, cholesterol, etc. are important parameters for health 
condition monitoring. Traditionally, blood sample is taken using a needle. Some chemical process such as enzyme reaction 
is required before the final value for concentration is read. Reagents involved in such processes are expensive for both 
the hospital and patient. Non-invasive measurement is much more attractive by its evident advantages such as real time 
monitoring and infection-free operation. The Hemoglobin (Hb) in human blood is measured and analyzed using Advanced 
RISC (Reduced Instruction set computing) Machine processor Non-invasively. This investigation helps in ruling out the 
diseases like anemia (a low hemoglobin level) and polycythemia vera (a high hemoglobin level). At present, the procedures 
used to measure the Hb concentration in blood are invasive. For this purpose blood is taken and analyzed. The hindrance 
of this method is the delay between the blood collection and its analysis. The portable smart non-invasive measurement 
system, discussed in this paper, gives a detailed idea about the hemoglobin concentration in the blood. 

I. 	 Introduction 
. The non-invasive medical diagnostic techniques including 
X-rays, ultrasound, thermography, and magnetic resonance 
imaging (MRI) has greatly reduced risk to the patients and 
has increased the understanding of how the body works. The 
benefits of non-invasive techniques are no incisions, no scars, 
low risk of infection, low risk of bleeding and blood transfu-
sion  and shorter recovery time and faster return to normal 
work. Therefore it is mandatory to evaluate the composition 
of the blood using non-invasive techniques. The absorption of 
whole blood in the visible and near infrared range is dominat-
ed by the different hemoglobin derivatives and the blood plas-
ma that consists mainly of water. The blood volume changes 
in tissue can be observed by measuring the transmission or 
reflection of light through the blood volume. This diagnostic 
method is known as photoplethysmography (PPG) [1]. This 
non-invasive Hb measurement is based on radiation of near 
monochromatic light, emitted by Light Emitting Diodes (LED) 
of 670nm and 810nm, through an area of skin on the finger. 
The Hb sensor developed for this research is fully integrated 
into a wearable finger clip. An area of skin on the finger is 
trans-illuminated by monochromatic light which is emitted 
by LED of 670nm and 810nm. It is well known that arteries 
contain more blood during systolic phase of the cardiac cycle 
than they do during the diastolic phase. This phenomenon is 
due to the increased diameter of the arteries during the systol-
ic phase and occurs only in arteries but not in veins [1]. As a 
result the absorption of light in tissues, during systolic phase, 
is greater due to a greater quantity of hemoglobin (absorb-
er) being present. Additionally light passes through a longer 
optical path length in the arteries during the systolic phase 
which further increases absorption. These changes in the 
absorption of light are the so called PPG-waves. PPG waves 
may be described as containing a DC component, which is 
time independent variable and due to venous blood, and an 
AC component, which is time dependent variable and due to 
the pulsation of blood flow in the arteries. In such developed 
system light transmitted through the tissue is detected non-in-
vasively by photo diodes. The Beer-Lambert law, (equation 1), 
describes the reduction in intensity for light which is travelling 
through a homogeneous medium containing an absorbing 
substance. In equation 1, Io and I are the intensities of the in-
cident and received light, Ɛ ( ) is the extinction coefficient 
of the absorbing substance at a specific wavelength, c is the 
concentration of the absorbing substance and d the optical 
path length along the medium. 

II. 	Basic Principle of single wavelength spectrophotome-
try
The principle of Hb concentration measurement of the sys-
tem is using single wavelength spectrophotometry (Oppen-
heimer, 1997). Figure 1 illustrates the relationship between 
wavelength of light from 400 – 1800 nm and Absorption 
coefficient in deoxygenated hemoglobin (HHb), oxygenated 
hemoglobin (HbO2) and water (Timm et al., 2009). It is clear 
from figure 1 that the absorption coefficient of HHb and 
HbO2 is indistinguishable near the wavelength of 670 nm and 
810nm. Consequently, the accuracy of measurement is higher 
than that at other wavelengths. 

Fig.1. Absorption Spectra of Water and Hemoglobin
 
III. 	Hemoglobin Measurement system based on ARM Pro-
cessor
The portable hemoglobin Sensor System developed consists of 
a number of hardware modules, which include: light source; 
receiver; ARM processor LPC 2148 and LCD display. The mean 
value of the receiver current, when the emitter is on, is calcu-
lated and dark current, when the emitter is off, is subtract-
ed from the on current in software to generate an accurate 
value for the intensity of the received wavelength. The LED is 
installed in the upper part of a finger clip, while the photo-
diode is installed in the lower section of the finger clip. The 
on/off time of the LED currents is controlled by the timer cir-
cuit, which effectively controls the intensity of the wavelength 
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source. To detect the intensity of the transmitted signals, a 
phototransistor is used. Figure 2 shows the block diagram of 
the system.

Fig.2. Block diagram of the system

 
IV. 	Methodology
The Hemoglobin Sensor System developed consists of an ARM 
processor that continuously reads the data from the Detector 
when the input key is pressed and displays the value in the 
LCD display. The read data is stored in a register for further 
analysis. The processing and display software is written in Keil 
µVision3 software and the Hex code is downloaded to the 
processor LPC 2148. The LED is installed in the upper part of a 
finger clip, while the photodiode is installed in the lower sec-
tion of the finger clip. The on/off time of the LED currents is 
controlled by the timer circuit, which effectively controls the 
intensity of the wavelength source. To detect the intensity of 
the transmitted signals, a Photo transistor is used.

Fig.3 Prototype of the System

V. 	System Flowchart

VI. 	 Circuit Diagram
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VII. 	 Results
All the non-invasive measurements were compared with blood 
samples which were analyzed using the Instrument Hemo 
Cue.

By comparing the invasively determined concentration of Hb 
with the non-invasively measured concentration it was found 
that there is a linear relationship between the hemoglobin 
concentration of blood and the calculated Hb coefficients 
measured with the sensor device.

Fig. Comparison curve of Hb Values invasive and Non-in-
vasive.

TABLE I.  Hemoglobin samples

SL.No. Age Hemoglobin
(Hemo Cue)

Hemoglobin
(Non Invasive)

1. 20 16.4 16.34
2. 20 18.5 18.41
3. 21 15.7 15.68
4. 20 15.8 15.72
5. 20 17.0 16.65

6. 20 10.9 10.81

7. 21 16.2 16.14
8. 37 14.9 14.82

9. 19 16.5 16.47

10. 21 16.9 16.88
 
VIII. 	 conclusion
A novel LED based Hemoglobin sensor system has been de-
veloped that is able to measure PPG-signals continuously at 
the wavelength of 670 nm and 810nm. The system is mainly 
built up with ARM processor. The Hemo Cue instrument used 
to measure the Hemoglobin content of the blood, to calibrate 
the sensor system. The sensor developed may be suitable for 
non-invasive and continuous online monitoring of Hemoglobin 
in human subjects.

The developed sensor is under trials. After taking reading from 
many samples the sensor was calibrated to know the Hemo-
globin concentration in the blood.  

IX. 	 Future scope
The work described here can be extended to measure some 
other parameters in the blood non-invasively. The developed 
algorithm can be used to measure the blood glucose lev-
el non-invasively, but the concept of changes in the glucose 
in the blood with respect to different input signals has to be 
studied. 
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