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Abstract— This article refers to a device which is often used 

as a substitute to the devices that make use of 

electrocardiographic techniques. It is usually easy to use and 

not a very sophisticatedly functioned device. It is targeted to 

read and process the pulse rates of our active pumping heart 

through just a touch of our fingertip. To ensure good quality 

of health and focusing on the increasing rate of heart 

diseases at today’s scenario we must have a proper and 

affordable heart rate measuring device. This proposed 

device along with being economical is also user friendly as 

it uses the optical method for the blood flow detection of 

finger. 
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I. INTRODUCTION 

A sensor is any device that; in simple words; senses any 

kind of activity or signal. Its functioning can be defined as 

the conversion of one type of signal into other which in turn 

can be well deciphered by the user. The main job of a sensor 

is to convert an input to such output that makes it easier for 

the user to understand. 

The condition of our heart is in a way determined 

by the sound that it produces through its pumping of the 

blood. Any discrepancy in the beating rhythm with reference 

to the ideal beating rate indicates a cardiac issue. The heart 

pumps oxygen rich blood to the rest of the body organ cells 

and in turn takes away the carbon-dioxide from those organ 

cells which are omitted out of our body with the help of our 

respiratory organs. 

A heart beat sensor; as the name suggests; senses 

the crests and troughs, the ups and downs and all possible 

oscillatory actions of our all time beating involuntary 

cardiac organ. It uses the concept of the pulsatile property of 

our blood vessels. 

The basis of this device basically relies upon the 

well known concept of infrared technology. Infrared 

technology comes from the concept of infrared spectrum 

that we studied in our modern physics. The electromagnetic 

spectrum consists of a frequency range that has wavelengths 

lying slightly longer than the red light and thus is referred to 

as the infrared range. Human eyes can’t see IR radiations. 

IR radiations are emitted by the objects having temperature 

greater than absolute zero (0 Kelvin). 

It is often abbreviated as IR. This IR consists of 

two elements: the receiver and the emitter. In this proposed 

Heartbeat Sensor the use of IR sensor plays a major role in 

the detection of pulses through the fingertip interactions. 

The Photodiode plays as a receiver and the Infrared Diode 

plays the emitter. It emits infrared radiations across the 

medium. IR technology has low power consuming 

requirement and also is cheap. It is economically feasible 

and is easily available in the markets. Apart from these 

advantages it also has some limitations such as short range, 

proper alignment of emitter and receiver and most 

importantly slow data transmission. Still its ability of motion 

detection is very useful in the field of biomedical 

engineering. 

Thus the proposed heartbeat sensor monitors and 

collects various samples of heartbeats and computes BPM 

(beats per minute) using these samples so that it can track 

and determine the heart condition of a person with ease. 

II. WORKING PRINCIPLE 

The device monitors the beating of the cardiac organ and 

thus the working must be properly understood so that the 

user can evaluate and conclude results relying on the output 

results. 

The proposed device is designed in such a way that 

on just placing a finger on the sensing portion of the sensor 

it gives the digitized output of the heat beat of the concerned 

person. The principle of light modulation of blood flow is 

undertaken in this device through the finger at each pulse. 

This procedure is successful as the device is applied with 

LED that blinks simultaneously in unison with each sensing 

pulse or heart beat. Hence through this the BPM (beats per 

minute) rates can also be measured by connecting the device 

with a microcontroller.  

One may have the question of how just an 

interacting fingertip is able to transfer the required resulting 

beats of the heart. This is because when the heart beats it 

actually is pumping blood throughout the body. This in turn 

gives rise to a volumetric change in the blood flow across 

the arterial blood vessels in the fingers too. Thus using an 

optical sensing device across the fingertip the fluctuating 

volume of blood can be detected which further can be 

amplified with the connected microcontroller chip that 

determines the rate of fluctuation. This mentioned and 

calculated rate is the actual heart rate of the person. 

The fingertip is supposed to be placed over both the 

emitter (IR LED) and the receiver (Photodiode) of the 

sensor assembly which must be placed closely side by side 

in order of proper functioning.   

The IR LED transmits or emits a radiation of 

infrared into the finger. The radiation travels into the skin 

and gets blocked by the pulsating blood flow inside the 

arteries of the fingertip. Hence the radiation gets reflected 

back unable to pass throughout the mass. This reflected 

radiation gets received by the Photodiode and in turn senses 

the intensity of the reflected portion of the radiation. The 

blood volume determines the intensity of the reflected 

signal. 

Hence the intensity of the reflected radiation 

changes each time the heart beats. This determines the 

oscillatory motion of the cardiac system. This alternating 

amplitude nature of the reflected light can be amplified and 

studied using a high gain amplifier and can be well 

converted into digital pulses.   
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III. SYSTEM CONFIGURATION 

In this proposed monitoring system, there are many 

biomedical conceptual spheres that are being covered. This 

system makes use of infrared technology, microcontroller 

device, amplifier, various chips, passive electronic elements 

and many more. It also has a compact size and works on 

+5V DC supply. 

 
Fig. 1: Block Diagram of the proposed system 

A. Optical emitter and receiver 

The IR LED acts as the emitter while the Photodiode acts 

the receiver. Through the index finger the heartbeat sensor 

determines the heart beat activity via blood flow and its 

pulsating volumetric alterations. Due to varying volume of 

blood flow though the arteries, the intensity of the reflected 

light reaching the receiver also differs which in turn gives 

rise to varying resistance in the photo sensor. Hence to 

convert this resistance into voltage we use two LEDs: 

emitter and receiver placed very near to each other for 

proper transmission of information. The following figure is 

the circuit diagram of a simple heartbeat sensing device i.e., 

heartbeat monitoring system. 

 
Fig. 2: Circuit Diagram of IR sensor 

 
Fig. 3: Circuit of IR sensor 

B. Comparator 

The Comparator used here is the op-amp named LM358M. 

An op-amp acts a comparator the moment when the gain it 

conceives is maximum. Such op-amp gain is also said to be 

open loop gain. Different op-amp models have differing 

open-loop gains. The specified op-amp used i.e., LM358M 

has an open loop voltage gain of 100. This checks that any 

voltage difference between pin 2 and pin 3 will get 

amplified by degree of 100. Inspite of the amplification the 

output stays limited and doesn’t cross the voltage supply or 

we can say the battery value. The comparator needs a 

reference point so that it can assess the transient heart 

signals. This is the point from which it can compare the 

signals to and also activate the blinking action of the LED. 

Hence a flat DC signal is created as a reference. It can also 

be referred to as the ultimate threshold signal. The moment 

the heart signal goes below this threshold line the LED is 

turned OFF by the comparator and vice versa. This helps in 

the blinking function of the LED. 

C. Microcontroller 

Controlling of the display of result and the counting of pulse 

rates are all done with the help of a microcontroller. 

Developing a calculation algorithm in order to count pulse 

rates is what the programming of microcontroller involves. 

The working of a microcontroller involves continuous 

checking of signal inputs that are entering it. The moment 

any signal is received or detected, the algorithm starts its 

counting.  

IV. EXPECTED RESULTS 

The receiver and the emitter attached play a major role in 

the proper functioning of the heartbeat monitor. It is 

amplified to the required output being attached to the 

appropriate microcontroller. This is further displayed on an 

o-scope. Hence the expected results show the heart beat of 

different users which is almost accurate to the actual beating 

rates as and when required.  To check the accuracy of the 

output we can compare the result with that of manual pulse 

rate checking technique. 

V. CONCLUSIONS 

Physical fitness is a major aspect in today’s world. High 

level of fitness and proper functioning of biological organs 

is a must in order to lead a carefree life. The proposed 

system show high accuracy in predicting the functioning of 

one of our most important organ heart. Thus, this system 

could be developed to be used by performers of various 

types of physical exercise and may be able to detect few 

improper pulse patterns and unhealthy heartbeat designs. 
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