
IJECT Vol. 6, IssuE 1, spl-1 Jan - MarCh 2015

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  177

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

An Experimental Study to Design the Hardware of 
Electrocardiogram Monitoring System

1Aritra Mondal, 2Sanghamitra Ghosal
1Dept. of Electronics and Communication Engineering

2Dept. of Applied Electronics and Instrumentation Engineering, Sir J. C. Bose School of Engineering, 
Mankundu, Hooghly, West Bengal, India

Abstract
The statistics said that the low and middle-income families are dis-
proportionally affected over Cardio Vascular Disease and it occurs 
almost equally in men and women. So, maximum deaths can be 
attributed to raise blood pressure, due to strokes and coronary 
heart disease. To cure this serious threat we need to analyse the 
electrical activity of the heart and this work can be done by an 
ECG (electrocardiogram) analyser. In the advancing age of modern 
technology the old devices are modified to make it faster, cheaper 
and get better performance in their fields. At present time most 
of the peoples having their own PCs to work. Keep it in mind; an 
experimental study is carried out in this paper to implement a low 
cost ECG monitoring system, which is monitored by the Digital 
Storage Oscilloscope. The 3-leads Electrocardiogram analyser is 
a device that integrates an ECG acquisition system to correctly 
classify and identify unhealthy ECG signals. ECG monitoring 
system involves 3-cupper leads to sense the heart signals and 
then amplify using 3-opamp instrumentation amplifier and sent 
to the DSO. The main thrust of this project is on the design of 
the hardware used to process the signal with the software[1].Our 
future development is the Implementation of a PC based Digital 
Storage Oscilloscope communicated by USB port which makes 
our system portable and may be available to the individuals. 
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I. Introduction
In 1903 the first ECG device was invented by the famous 
scientist Willem Einthoven using his new instrument called string 
Galvanometer. With it he developed an improved method for 
measuring the electrical activity that takes place in the body by 
the cardiac muscles and ventricles. The string galvanometer made 
possible the first valid and reliable electrocardiogram. Here the 
ECG signals are traced into the mm graph paper. After that, to 
analyse the ECG graph more precisely, the 5 leads ECG analyser 
was developed. When the LCD screen launched into the market, 
then the signal is monitored in the screen. So, the circuit became 
more complex. But still, some critical heart diseases were not 
detected like as Arrhythmias (irregular heartbeat), Tachycardia 
(fast heartbeat), Bradycardia (slow heartbeat), Myocardial 
Infarction (heart attack), and certain Congenital heart conditions. 
Then the 12 leads ECG analyser comes into market[2],[3]. But 
the cost is increased with directly proportional with the circuit 
complexity.
Here, to prevent the attenuation of micro volt order ECG signal, 
previously used Silver chloride as an electrode and the pure cupper 
as the connecting wires, which are very much costly. Now our 
contribution in this project is to minimize the circuit complexity 
as well as the cost. Here we tried to replace the Silver chloride by 
cupper plates and the cupper wire by 25ohm RF cable to protect 
the signal from the external noise. For this the gain of the amplifier 

has been increased and the channel attenuation does not affect 
the original signal. 
Due to the very low cost it is used routinely in physical examinations 
and for monitoring a patient’s condition during and after surgery, 
as well as in the intensive care setting. It is the basic measurement 
used in exercise tolerance tests (i.e., stress tests) and is also used 
to evaluate symptoms such as chest pain, shortness of breath, and 
palpitations (A rapid and irregular heart beat).

A. Objective
The objective of this project is to implement an ECG 1. 
monitoring system. The system can take an individual’s 
ECG signal and monitored it after processing the signal. By 
which it can be seen that if the individuals has a problem 
with their heart.
This particular portion of the project is to design and test an 2. 
ECG acquisition system that is affordable and cost effective. 
This requires the output of the hardware to resemble the 
ECG signal. In our system we must successfully acquire 
the signal using skin electrodes and then perform some 
signal conditioning techniques such as amplification and 
monitoring.

II. Electrocardiogram

A. Theoretical Basis
Electrocardiography (ECG) is a transthoracic (across the thorax 
or chest) interpretation of the electrical activity of the heart over 
a period of time, as detected by electrodes attached to the outer 
surface of the skin and recorded by a device external to the body. 
An ECG test records the electrical activity of the heart.
The typical electrocardiogram can be seen in this figure. It contains 
5 main components: the P, Q, R, S, and T wave. The P wave is 
responsible for depolarization of the left and right atrium. The 
QRS complex is composed of the Q, R and S waves represents 
left and right ventricular depolarization. At this same time, the 
QRS complex masks the P wave repolarisation. The T wave is 
responsible for repolarisation of the left and right ventricles. The 
QRS complex represents ventricular depolarization. The QRS 
rate is called Heart Rate [3].

B. Wave Diagram

Fig. 1: P, Q, R, S, T Graph of a normal ECG 
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C. Time Duration of PQRST Complex
PR interval: 0.12 – 0.20 sec.1. 
QRS complex interval: 0.06 – 0.10sec.2. 
Qt interval: 0.40 sec.3. 
Normal Heart Rate: 60 – 90 bit/minute.4. 
Bradycardia (slow): < 60 bit/minute.5. 
Severely Bradycardia: < 40 bit/minute6. 
Tachycardia (fast) – between 150 bit/minute and 200 bit/7. 
minute [4-5].

III. Einthoven’s Triangle
Leads used: Bipolar leads record voltage between electrodes 1. 
placed on wrists & legs (right leg ground)
Lead I: records between right arm & left arm2. 
Lead II: records between right arm & left leg3. 
Lead III: records between left arm & left leg4. 
Each of the leads is bipolar, i.e., it requires two sensors on • 
the skin to make a lead.
If one connects a line between the two sensors, a vector is • 
generated.
There will be a positive end at one electrode and negative • 
at the other.
The positioning of the leads I, II, and III were first given • 
by Einthoven, thus forming the basis of Einthoven’s 
triangle[5].

Fig. 2: Diagram of 3-leads Einthoven’s Triangle

IV. Working Principle
Cupper Electrodes are required for acquisition of the ECG signal 
from the body. The body acts like a giant resistor, here it is treated 
as a storage of Static Charges, which is produce by the SA node, 
AV node and therefore the ECG signal produced in the heart has 
a smaller amplitude (.005-0.08 mV) at the surface of the body as 
compared to the surface of the heart. This means that the electrodes 
have to be sensitive enough to pick up the signal produced and 
ensure that the signal is not lost during transmission to the 
instrumentation amplifier [6-8]. There are certain requirements 
for the amplifiers so they provide enough amplification to the 
signal so that it can be analysed by the other components of the 
circuit. As well it must have very high input impedance, a large 
CMRR and low power consumption. The useful signal of an ECG 
lies between 0.01 Hz to 100Hz. The design of the ECG requires 
+/-15v activating the quad op-amp (lm324) and needs to supply 
power to all other components of the ECG. There is also a need to 
protect the patient from the feedback current of the device. This 
can be done successfully by isolating the patient from the device 
by using a 3 op-amp instrumentation amplifier [8-10], which input 
impedance is very high (ideally tends to infinity).

Fig. 3: Cupper Electrode With Coaxial Cable

The figure shows that how an electrode able to take the signal 
from the body due to capacitive effect and the equivalent circuit 
diagram of electrode skin interface.

Fig. 4: Equivalent Circuit Diagram of Electrode Skin Interface

A. Block Diagram of the Experiment

Fig. 5: The General Block Diagram of ECG Monitoring System

V. Components Required
Copper Plates  (3Pcs, 4cmX2.5cm)1. 
5 ohm coaxial cable (3pcs, length=46cm each)2. 
IC Lm324 (Quad Op-amp)3. 
Vero board ( or PCB Design)4. 
Resisters (1M, 1k, 49.9k, 49.9ohm)5. 
Potentiometer (100k)6. 
+/- 15volt pure dc power supply7. 
Oscilloscope with signal probe8. 

VI. Circuit Diagram
After acquire the signal from the patient body first we amplify the 
signal with high gain instrumentation amplifier and then filter the 
noise with active low pass filter [7, 9 ,11]. After that the signal is 
monitored by the DSO.
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A. Amplification Theory

Fig. 6: Circuit Diagram of Instrumentation Amplifier

we know that the equation,
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We connect the 100kΩ pot as a variable resister, and use a serious 
resistance R4 to prevent RG from going to zero. Since gain A11 
>1v/v we require gain A11 <1v/v in order to allow A to go all the 
way down to 1v/v  arbitrarily impose and use R1 =1kΩ and R2 
=1MΩ.
A11 =R2 /R 1 =1000v/v
Both 1%, A1 must variable from 2v/v to 2000v/v.

)3(21
1

23
111 








×







+=×=

R
R

R
RAAA
G   (3)

.At these extremes we have









+

×+=
kR

R
100

212
4

3

And

4

3212000
R
R

+=

So, we obtain, R4 =50Ω and R3 =50kΩ
Use R4 = 49.9Ω and R3= 49.9kΩ.both 1% 4pR2=4×0.01×49.9kΩ
 To be on the safe side use a 47.5kΩ, 1% resistor in series with 

a 5kΩ pot. A suitable op-amp is the lm324 (Quad op-amp) to 
calibrate the circuit tie the inputs together and set the 100kΩ pot 
for the minimum gain. 
So, according to the equation of gain A is varies from 2,000 to 
20,00,000 (approximately). Here we connect the probe LA and 
RA with V1 and V2 respectively and also connect LF probe with 
ground. The output probe is connected to DSO and we get the 
output in DSO.

VII. Experimental Setup

Fig. 7: The Complete Experimental Setup of ECG Monitoring 
System

VIII. Waveform
The input signal taken from heart is Vin = 0.005-0.08 mV. The 
output of the instrumentation amplifier is Vout = 4.2v.So, the gain 
A=V out/Vin= 4200000/0.08 = 52,500
Here we consider the amplitude of the input signal is 80 micro 
V.

Fig. 8: Signal Taken From Heart and Passes Through the 
Instrumentation Amplifier

IX. Experimental Result
In this DSO monitor the channel [1] is input Vin is taken from 
function generator and the channel [2] is output Vout taken from 
the output of the amplifier. So, gain becomes 
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Fig. 9: Signal Taken From Function Generator and Passes Through 
the Instrumentation Amplifier

Here we increase the gain of the amplifier then we get this graph. 
So, gain becomes

X. Output ECG Graphs

Fig. 10: Increasing Gain ECG Signal With Noise

Fig. 11: Noise Inducing ECG Graph

Fig. 12: Noise reducing ECG Graph 

XI. Conclusion
It was found that electro medical sensors and equipment were very 
basic in design but nonetheless extremely useful. By examining 
the signals extracted from the human body, then conditioning 
and examining them for later use. It is a great challenge to us to 
design a very high gain Instrumentation Amplifier, which can 
amplify the signal from micro-volt to volt order. The experimental 
result shows that the Maximum gain of this amplifier is near 
about 20,00,000 and this result gives us the confidence to reach 
the device to every individuals who are really suffer with those 
deadly heart disease and those need regular heart checkup. Hence 
it makes our project successful.
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