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Abstract- The Pulse Oximeter is a device which measures oxygen saturation percentage non-invasively. This device is one of 
the applications of analog circuits in biomedical applications. It helps in recognition of hypoxemia and widely used for 
continuous monitoring in ICU’s. The method employed here is Photoplethysmography. This paper describes the extraction of  
Photoplethysmogram (PPG) and the signal conditioning required. Feedback compensation which removes patient dependant 
parameters is discussed in detail. The device is Bluetooth enabled which helps in storing values to PC for future reference and 
diagnosis.  
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I. INTRODUCTION 
 

 
oxyhaemoglobin to the total amount of haemoglobin. 
Oxygen saturation is represented as percentage rather 
than as a ratio. It can be given as 

 
 

 

 
The commercially available pulse  oximeter are 
calibrated; some of the devices are USB enabled for 
storing the value to PC. We improvise these two 
characters by replacing USB with Bluetooth and 
device has feedback compensation, thus eliminating 
the need for calibration of device. Over 
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the years Bluetooth has become the standard for short 
range communication and is preferred over other 
wireless transmission methods due to its low power 
consumption, lower costs and greater signal ability. In 
some cases they could be used to measure the critical 
health of a patient, which require it to maintain a 
stable connection over its wireless range and hence 
Bluetooth was chosen to satisfy this requirement. 
Bluetooth would allow for convenient and round the 
clock monitoring of patients anywhere, where internet 
access is possible. Through the use of Bluetooth we 
can pair our device with a wide variety of pre-existing 
devices like mobile phones, computers etc. which 
makes the device portable, cheap and versatile. 
Wireless technology also expands the network of 
information systems present in the hospitals. 
 
II. DEVICE DESCRIPTION  
 

A. LED and Photo detector: 

 

 
 
B. Switching Circuit:  
For calculation of SpO2, we need to send Red and IR 
light through finger, each for equal intervals of time. 
But, there is only one photodiode to detect transmitted 
lights for both the LED’s. This means the information 
about both the wavelengths is multiplexed into a 
single photodiode and also the AC component which 
is used to measure saturated oxygen is time-varying. 
In order to overcome this difficulty the LED’s are 
switched alternatively so that only one LED is on at 
any instant. This switching is done at high frequency 
(about KHz) which reduces the time gap between two 
consecutive switching instants. This arrangement 
reduces the error incurred due to time gap.  The LED’s 
are thus controlled by SPDT (Single Pole Double 
Throw) switch whose position is controlled by a 
self-generated control signal. The control signal is 
generated by using timer(IC 555).  As the switch can 

flip to two different positions depending on level of 
control signal, at one position red LED is placed and 
IR at other. Not only the LED’s are to be controlled but 
also the signal conditioning circuitry and 
microcontroller are to be driven by the same control 
signal so that ambiguity is eliminated. To achieve 
these IC CD4053 is used which has three SPDT 
switches.   
 
C. I-V Converter:  
The transmitted light through finger falls on the 
photodiode and it produces current proportional to the 
intensity of the detected light. This current is fed to an 
I-V converter to obtain a measurable voltage. 
Depending on the biasing of photodiode there are two 
modes of I-V converter.  They are photovoltaic mode 
and the other is photoconductive mode. In 
photoconductive mode photodiode is forward biased 
which results in more amount of current generated in 
photodiode than in photovoltaic mode for same 
incident light intensity. So, photoconductive mode has 
high sensitivity which is employed in our project. 
 

 
 

 
 

 
 
III. PROPOSED FEEDBACK COMPENSATION  
 
One of the major limitations of commercially 
available Pulse oximeter is that they need calibration. 
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This disadvantage is removed by using feedback 
compensation technique. Pulse oximeter need 
calibration because the magnitude of AC and DC 
components changes from person to person. So, there 
are certain patient dependant parameters like skin 
pigmentation, finger thickness, and presence of nail 
polish. It was reported that as the pigmentation 
darkens the performance of the pulse oximeter 
deteriorates. This is because of lower signal-to-noise 
ratio caused by increased light absorption as the 
pigmentation darkens. For a thick finger the optical 
length is more, so the attenuation is relatively high 
than a thin finger. It would be advantageous if the 
device is made independent of parameters like skin 
colour, intervening tissue volume etc. It would also 
result is better accuracy if the device works logically 
than by making use of calibration curves.   
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CONCLUSION  
 
The system has been designed using minimum 
amount of hardware at low cost.  SpO2 value is 
calculated using an algorithm in microcontroller and 

the value is displayed on GLCD. The same value is 
transferred to PC using Bluetooth for further 
reference, which is yet to be implemented. 
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