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Abstract 
The aim of this project is to implement a portable and low 
cost microcontroller based heart rate measuring system that 
works on the principle of light modulation and displays the 
result on a LCD. Heart rate of the subject is measured with 
optical sensors that detect the increment in blood volume at 
the time of pumping of blood by heart. 
Keywords: BPM (beats per minute), bradycardia, 
tachycardia, resonator, circulation. 

 
I.  Introduction 

Heart rate measurement is one of the very important 
parameters of the human cardiovascular system. The 
heart rate of a healthy adult [1] at rest is around 72 
beats per minute (bpm). Athletes normally have 
lower heart rates than less active people. Babies have 
a much higher heart rate at around 120 bpm, while 
older children have heart rates at around 90 bpm. The 
heart rate rises gradually during exercises [2] and 
returns slowly to the rest value after exercise. The 
rate when the pulse returns to normal is an indication 
of the fitness of the person. Lower than normal heart 
rates are usually an indication of a condition known 
as bradycardia, while higher than normal heart rates 
are known as tachycardia.  

The heart is one of the most vital organs within the 
human body. It acts as a pump that circulates oxygen 
and nutrient carrying blood around the body in order 
to keep it functioning. The circulated blood also 
removes waste products generated from the body to 

the kidneys. When the body is exerted the rate at 
which the heart beats will vary proportional to the 
amount of effort being exerted. By detecting the 
voltage created by the beating of the heart, its ratecan 
be easily observed and used for a number of health 
purposes. 
 
This paper describes the design of a very low-cost 
device which measures the heart rate of the subject 
by clipping sensors on one of the fingers and then 
displaying the result on a text based LCD. The device 
has the advantage that it is microcontroller based and 
thus can be programmed to display various 
quantities, such as the average, maximum and 
minimum rates over a period of time and so on.  

Another advantage of such a design is that it can be 
expanded and can easily be connected to a recording 
device or a PC to collect and analyze the data for 
over a period of time. This heart beat sensor is 
designed to give digital output of heat beat when a 
finger is placed inside it.  

When the heart detector is working, the top-most 
LED flashes in unison with each heart beat. This 
digital output can be connected to microcontroller 
which is directly measure the Beats per Minute 
(BPM) rate. It works on the principle of light 
modulation by blood flow through finger at each 
pulse. 
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Fig 1 LED sensor pair 

II. Theory 

Basically, the device consists of an infrared 
transmitter LED and an infrared sensor photo-
transistor. The transmitter-sensor pair is clipped on 
one of the fingers of the subject). The LED emits 
infrared light to the finger of the subject. The photo-
transistor detects this light beam and measures the 
change of blood volume through the finger artery. 
This signal, which is in the form of pulses is then 
amplified and filtered suitably and is fed to a low-
cost microcontroller for analysis and display. The 
microcontroller counts the number of pulses over a 
fixed time interval and thus obtains the heart rate of 
the subject. Several such readings are obtained over a 
known period of time and the results are averaged to 
give a more accurate reading of the heart rate. The 
calculated heart rate is displayed on an LCD in beats-
per-minute in the following format:  

Rate = nnn bpm 
Where nnn is an integer between 1 and 999. 

Operational amplifiers flashes as the pulses are 
received and amplified by the circuit.  

The output of the amplifier and filter circuit was fed 
to one of the digital inputs of a PIC16F628A type 
microcontroller. In order to reduce the cost of the 
circuit the microcontroller is operated from a 4MHz 
resonator. The microcontroller output ports drive the 
LCD. The block diagram is as shown below- 

 
 

Fig 2 Block diagram of desired system 
 

III. Circuit Diagram 
 
The signal conditioning circuit consists of two 
identical active low pass filters with a cut-off 
frequency of about 2.5 Hz. This means the maximum 
measurable heart rate is about 150 bpm. The 
operational amplifier IC used in this circuit is 
MCP602, a dual OpAmp chip from Microchip. It 
operates at a single power supply and provides rail-
to-rail output swing. The filtering is necessary to 
block any higher frequency noises present in the 
signal. The gain of each filter stage is set to 101, 
giving the total amplification of about 10000. A 1 uF 
capacitor at the input of each stage is required to 
block the dc component in the signal. The equations 
for calculating gain and cut-off frequency are given. 
The LEDs connected at the output blink every time a 
heart beat is detected. The output from the signal off 
frequency of the active low pass filter is shown in the 
circuit diagram. The two stage amplifier/filter 
provides sufficient gain to boost the weak signal 
coming from the photo sensor unit and convert it into 
a pulseconditioner goes to the T0CKI input of 
PIC16F628A. The circuit diagram is as shown 
below- 
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Fig 3 Circuit diagram of cardiac counter 

Gain= 1+680/6.8=101 

Cut-off frequency= 1/ (2x3.14x680kx100n) = 2.34Hz 

 

IV. Programming Steps 

1. Initialize the program variables. 
2. Configure the input output ports. 
3. Wait until the switch is pressed. 
4. Initialize variable heart _count=0. 
5. Measure count for 5 seconds and store in 

heart count. Multiply the value in heart 
count by 12. 

6. Repeat  step 5 for 5 times and add the 
obtained results and store in a variable 
heart1. 

7. Divide the value in heart1 by 5. 
8. Display the output on an LCD. 

 
 

V. Output 
 
The use of this device is very simple. Turn the power 
on, and you will see all zeros on display for few 
seconds. Wait till the display goes off. Now place 
your forefinger tip on the sensor assembly, and press 
the start button. Just relaxed and don’t move your 
finger. You will see the LED blinking with heart 
beats, and after 15 sec, the result will be displayed. 
This implementation of a heart monitor involves low 
cost amplifier and filter components coupled with a 
microcontroller and LCD screen 
 
 

VI. Future Work 

1. Sound can be added to the device so that a sound is 
output each time a pulse is received.  

2. The maximum and minimum heart rates over a 

period of time can be displayed.  

3. Serial output can be attached to the device so that 
the heart rates can be sent to a PC for further online 
or offline analysis.  

4. Warning or abnormalities (such as very 
high or very low heart rates) can be displayed 

on the LCD or indicated by an LED or a buzzer.  

5. We can also send the output to a mobile phone and 
get it displayed on the mobile screen. The block 
diagram has been shown below 

 

Fig 4 Bluetooth module with microcontroller 
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An example has been shown to interface the 
Bluetooth module with Atmega. Any microcontroller 
can be interfaced with Bluetooth module. 

 

Fig 5 Final PCB 
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