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Abstract
The Electrocardiogram (ECG) is en essential diagnostic tool that 
measure and record the electrical activity of the heart. A wide 
range of heart conditions can be detected when interpreting the 
recorded ECG signals. These qualities make the ECG a perfect 
instrument for patient monitoring and supervision. The commonly 
used ECG-machine used for diagnosis and supervision at the 
present is expensive and stationary. Mobile telemedicine systems 
are becoming more important all the time, especially in the care of 
patients that are isolated or traveling, far from a reference hospital. 
These systems must be embedded in low cost, small devices with 
low power consumption, and should have an interface that is usable 
by the patient. Incorporating technologies such as Bluetooth, GPRS, 
GSM or Wi-Fi to these systems allows the wireless transmission to 
health or control centers. This paper describes a low cost, portable 
system with wireless transmission capabilities for the acquisition, 
processing, storing and visualization in real time of the electrical 
activity of the heart to a PC. Implementation of this system would 
be beneficial to all involved in the use of electrocardiography as 
access to, and movement of, the patient would not be impeded 
by the physical constraints imposed by the cables. The PC is 
equipped with software allowing the received ECG signals to be 
saved, analyzed, and sent by email to another part of the world. 
The proposed telemetry system consists of a patient unit and a 
PC unit. The amplified and filtered ECG signal is sampled 360 
times per second, and the A/D conversion is performed by a ARM 
LPC 2103 microcontroller. The major contribution of the final 
proposed system is that it detects processes and sends patients 
ECG data over a wireless. The system provides remote monitoring 
of one or several patients wearing a portable device equipped 
with wireless connectivity based on different technologies such 
as Bluetooth, WI-FI or UMTS. ECG waveforms can be see by 
using the MATLAB.
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I. Introduction
Electrocardiography has been in clinical use for the diagnosis 
and monitoring of heart abnormalities for close to a century. It 
remains the best and least invasive method for the task it performs. 
Electrocardiography has been in clinical use not only for diagnosis 
and monitoring of heart irregularities, but it also serves as an 
excellent tool for cardiac analysis. Since critical cardiac incidents 
occur frequently out of hospitals, the use of wireless ECG monitors 
was introduced to help in real-time patient monitoring.
The monitoring of vital physiological signals has proven to be one 
of the most efficient ways for continuous and remote tracking of 
the health status of patients. Electrocardiogram monitors are often 
used in many medical service centers and hospitals to diagnose 
and monitor a person’s health status by measuring their cardiac 
activity [10]. An ECG is a noninvasive monitor, which can be 
utilized to evaluate the heart electrical activity, measure the rate 
and regularity of heartbeats, the position of the chambers, identify 

any damage to the heart and investigate the effect of drugs and 
devices used to regulate the heart. This procedure is very useful 
for monitoring people with (or susceptible to) impairments in 
their cardiac activity.
Technology advances are seen in all parts of everyday life, and it is 
extremely important to use such technology for the benefit of the 
community at large. One such benefit is the monitoring of heart 
conditions inpatients. ECG systems could become valuable tools 
for this purpose if the quality of the signal obtained meets clinical 
standards. Work conducted here has been valuable in creating 
circuitry that can obtain an ECG signal, and microcontroller-
based software that digitizes the signal. Benefits of such a system 
include monitoring patients from home, minimizing hospital 
admission costs, and digitizing ECG data records, giving patients 
the freedom to move around and minimizing the risk of bed-
bound complications. In this work, a wireless ECG monitoring 
system that uses a simple three-lead ECG system with driven 
right leg reference amplifier for patient protection is proposed. 
After detection of the heartbeats, the system amplifies and filters 
ECG data by means of a signal conditioning circuitry especially 
designed for this purpose. The data are converted into digital form 
using a 10-bit A/D conversion through LPC 2103 microcontroller. 
This reads and stores ECG data on PIC-RAM and then sends 
received data to Tx pin connected to RF transmitter serially. 
The signal is finally transmitted through an appropriate antenna, 
received by another antenna on the receiver side, decoded by 
ARM microcontroller. A wireless ECG signal monitoring device 
was implemented that upon detection of a heart beat abnormality 
would transmit the global positioning system coordinates.
Electrocardiography is a medical diagnostic procedure used 
to record the electrical activity of the heart and display it as a 
waveform. An Electrocardiogram (ECG) is obtained by measuring 
electrical potential between various points of the body using an 
instrumentation amplifier linked to the body via leads attached to 
electrodes (electrical contacts). Electrodes are placed on different 
sides of the heart to measure the activity of various parts of the 
heart muscle and the voltage between pairs of these electrodes is 
what is returned as ECG in the form of a graph. ECG measurement 
systems have followed trends in technological advancement 
becoming more reliable, able to perform a wider range of functions 
and simpler to use as time has progressed [13]. The next step 
forward for the technological advancement of electrocardiography 
is a completely wireless system of measurement. There is a great 
deal of interest these days in home or remote area monitoring 
of patients, particularly due to cost considerations. If the same 
diagnostic information can be obtained from an ambulatory patient 
as can be found in the hospital, it is clearly more cost effective 
to do the monitoring in the home. Technological evolution has 
led to a high performance computing capacity that is manifested 
in such devices.
The overall objective of this proposed system is to design and 
implement a prototype ECG system which replaces wired 
connections between sensor points and a central node with wireless 
links. This paper gives an emphasis on the development of a 
portable platform for real time analysis of ECG signal, which 
can be used for a regular observing device for home usage. This 
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is done by transmitting the same data to the doctors’ personal 
computer using wireless protocol for remote monitoring and 
further diagnosis.

Fig. 1: Representative Schematic of Normal ECG Waveform

Most aspects of the design would also be portable to other sensor 
applications, making the work relevant to a vast range of systems 
where movement of sensors is desirable and constrained by hard-
wired links [13]. The work conducted, concentrates on designing 
and implementing a system architecture that is functional and 
reduces wired links to a minimum and attempts to prove the 
feasibility of completely wireless ECG.
Tele-ECG monitoring can be achieved by mounting electronic 
equipment that includes an ECG detection circuit and a transmitter 
on patient’s body. This allows the electric heart activity to be 
continuously monitored and sent to a receiver located in a remote 
centre. There are many possibilities of wireless data transmission 
from one location to another. However, each method has its own 
advantages and disadvantages depending on the application being 
used. With real time transmission, ECG diagnostic quality is a 
desirable requirement. Several wireless options have been applied 
to meet this requirement [3]. Previous studies have resulted in the 
design of a telemetry system for foetus monitoring [3], involving 
connecting the patient to a radio frequency transmitter, which the 
mother was able to carry. This transmitted the foetal information 
via UHF radio frequencies to a receiver connected to foetal 
monitor. A development platform of an ECG sensor capable of 
transmitting ECG signals via wireless technology to a PC or set-
top box was presented [8]. In this version, efforts were exerted to 
meet the following requirements: to make the acquisition of large 
amounts of ECG signal data simple and effective; to be useful to 
heart patients with requirements for home-based monitoring; to 
be able to monitor ECG efficiently in hospital premises without 
compromising patient mobility due to wires; and to facilitate 
central monitoring of cardiac patients from a nurses’ station, 
thus significantly reducing the frequency of visits to check the 
respective monitors in each room [8].

A. ECG Signals
The electrocardiograph is constructed to measure the electrical 
potential between various points of the body. In a standard ECG 
recording there are five electrodes connected to the patient:

Right arm, RA1. 
Left arm, LA2. 
Left leg, LL3. 
Right Leg, RL4. 
Chest, C5. 

Depending how the electrodes pairs are connected to the ECG 
sensor different waveforms and amplitudes can be obtained. Each 
pair contains unique information of the heart activity that can not 
be obtained from another pair of leads.
The different leads are dived into groups depending how they are 
connected to the ECG amplifier [1].
• Bipolar limb leads, Einthoven triangle.
• Unipolar limb leads, augmented limb leads.
• Unipolar chest leads.

B. Heart Position Signal
The second signal measures vertically over the heart to enable 
positioning of the heart for the portable ECG and can be used as a 
backup signal for patient monitoring if the first signal malfunctions 
during monitoring.

C. Signal Conditioning
This module consists of a band pass filter to eliminate the 
continuous component and high frequency noise.

D. ECG Sensor System
A 2-channel ECG sensor system with 0-150 Hz resolution has been 
developed. The DC restoration loop in the system conforms to the 
restriction of an ECG monitoring system [1]. The digital to analogue 
conversion and sample rate is controlled by the Microcontroller; 
the sample rate of 400 Hz conforms to Nyqvist theorem that states 
that the sample rate must be at least twice the resolution of the 
signal. With the Philips PM5136 function generator the real cut-
off frequency of the ECG amplifier was established. The first 
signal, fig. 2, has the original sinus signal amplitude of 4mV and 
the frequency of 5Hz. The second signal, figure 3, recorded has 
the same sinus amplitude of 4mV but the frequency of 150Hz. 
The second signal has a signal loss of -3dB at 150 Hz and hence 
the cut-off frequency is determined to 150Hz.

Fig. 2: 5Hz 2mV Sinus Wave

Fig. 3: 150Hz 2mV Sinus Wave
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E. ECG Waveform
An electrocardiogram is a measurement of the electrical activity 
of the heart (cardiac) muscle as obtained from the surface of the 
skin. As the heart performs its function of pumping blood through 
the circulatory system, a result of the action potentials responsible 
for the mechanical events within the heart is a certain sequence 
of electrical events.

Fig. 4: Analysis of ECG Waveform

II. Standard ECG Measurements
The electrical impulses within the heart act as a source of voltage, 
which generates a current flow in the torso and corresponding 
potentials on the skin. The potential distribution can be modeled 
as if the heart were a time-varying electric dipole. The dipole is 
located approximately as shown in fig. 5, by the vector M. If two 
leads are connected between two points on the body (forming a 
vector between them), electrical voltage observed between the two 
electrodes is given by the dot product of the two vectors. Thus, 
to get a complete picture of the cardiac vector, multiple reference 
lead points and simultaneous measurements are required. An 
accurate indication of the frontal projection of the cardiac vector 
can be provided by three electrodes, one connected at each of the 
three vertices of the Einthoven triangle. The 60 degree projection 
concept allows the connection points of the three electrodes to 
be the limbs

Fig. 5: Vector Model of Heart and Electrode Interaction

A. Functional System Block Diagram

Fig. 6: Block Diagram

B. Hardware Design
The hardware for the system is a designed by designing a 
customized ECG analog card and an Arm Processor. These are 
used for data collection and analyzing the same.

C. General Description
The recording and the processing of EMG signal is done by 
LPC2103 microcontroller. LPC 2103 is 32-bit ARM7TDMI-S 
CPU with real-time emulation that combines the microcontroller 
with 32 KB embedded high-speed flash memory. Due to their 
tiny size and low power consumption, the LPC 2103 is ideal 
for applications where miniaturization is a key requirement [2]. 
The ECG signal from the patient is picked up by the sensors, the 
signal obtained by these sensors are of low magnitude and analog 
in nature it is therefore necessary to amplify these signals by 
instrumentation amplifier into a range (0-3V) suitable for the A to 
D converter to convert analog signal into suitable digital signal. 
The LPC 2103 processor has a conversion time as low as 3usec. 
In this system the signal from the sensor is obtained at a interval 
of 5sec it is digitized. This data is stored in the external memory. 
The information regarding the signal (like frequency, amplitude 
etc) is obtained by taking the FFT of the digitized signal. This 
information is transmitted using GSM technology. At the receiver 
end this information is received. And it is decoded to get the 
original information to plot the ECG signal on PC.

III. ECG Sensor and ECG Card Design

A. ECG Sensor Requirements
The front end of an ECG sensor must be able to deal with the 
extremely weak nature of the signal it is measuring. Even the 
strongest ECG signal has a magnitude of less than 10mV, and 
furthermore the ECG signals have very low drive (very high output 
impedance). The requirements for a typical ECG sensor are as 
follows:

Capability to sense low amplitude signals in the range of • 
0.05 – 10mV
Very high input impedance, > 5 M ohms• 
Very low input leakage current, < 1 micro-Amp• 
Flat frequency response of 0.05 – 100 Hz• 
High Common Mode Rejection Ratio• 

B. Electrodes
Electrodes are used for sensing bio-electric potentials as caused 
by muscle and nerve cells. ECG electrodes are generally of the 
direct-contact type. They work as transducers converting ionic 
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flow from the body through an electrolyte into electron current 
and consequentially an electric potential able to be measured by 
the front end of the ECG system. These transducers known as 
bare-metal or recessed electrodes, generally consist of a metal such 
as silver or stainless steel, with a jelly electrolyte that contains 
chloride and other ions.

Fig. 7: Recessed Electrode Structure

On the skin side of the electrode interface, conduction is from the 
drift of ions as the ECG waveform spreads throughout the body. 
On the metal side of the electrode, conduction results from metal 
ions dissolving or solidifying to maintain a chemical equilibrium 
using this or a similar chemical reaction: Ag ↔ Ag+ + e- The 
result is a voltage drop across the electrode-electrolyte interface 
that varies depending on the electrical activity on the skin. The 
voltage between two electrodes is then the difference in the two 
half-cell potentials.

C. Block Diagram of ECG Card
The main parts in the block diagram are EMG Electrodes, Power 
Supply, Instrumentation Amplifier, Notch Filter, and Band Pass 
Filter. EMG electrodes pick up potentials from all muscles within 
the range of the electrodes. The design of electrode is based on 
the surface of the muscle which has to be analyzed. Silver- Silver 
chloride is used as electrode due to its least resistively and non-
toxic nature. The extracted EMG signal has a very low amplitude 
in the range of millivolts and there are also too many electrical 
disturbances in the surroundings caused by electrical wires and 
other factors. Hence a high CMRR instrumentation amplifier with 
a very high gain of 100 db is used. Here an IC LM 324 is used as 
instrumentation amplifier. The notch filter is used the remove the 
50 Hz power line frequency hum. The notch filter is a narrow band 
reject filter, which is used for the rejection. The notch filter used 
for this purpose is a Twin-T type filter. This improves the Q-factor 
of the filter appreciably. A wide band pass filter is used in order 
to obtain the prominent part of the signal, which lies between 1 
Hz to 10 KHz. The wide band pass filter is a Butterworth filter. 
It consists of a high pass filter followed by a low pass filter with 
cut off frequencies 1 Hz and 10 KHz. 

Fig. 8: Block Diagram of ECG Card

IV. Wireless Link using GSM Technology
Incorporating technologies such as GSM to these systems allows 
the wireless transmission to health or control centers. GSM (Global 
System for Mobile Communications), is a standard set developed 
by the European Telecommunications Standards Institute (ETSI) 
to describe technologies for Second Generation (or “2G”) digital 
cellular networks. It helps in sending the ECG data to the remote 
PC. We use SIM548 a Quad-band GSM/GPRS engine that works 
on frequencies GSM 850MHZ, EGSM 900 MHz, DCS 1800 MHz 
and PCS 1900 MHz and supports also GPS technology for satellite 
navigation. SIM548 provides GPRS multi-slot class10 / class 
8 (option) capabilities and supports the GPRS coding schemes 
CS-1, CS-2, CS-3 and CS-4. With a tiny configuration of 55mm 
x 34mm x 3.0 mm, SIM548 can fit to the space requirement of 
our application.

V. System Flowchart

Fig. 9: Flowchart of Wireless ECG System
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VI. Conclusion
The ECG signal is taken from the ECG card. The ECG analysis 
technique developed in the project is a portable option that is cost-
effective and conducive for users to understand and apply. The entire 
setup usage requires little technical knowhow. ECG monitoring 
system is interfaced with computer to view ECG waveforms. 
Electrocardiogram (ECG), since its invention, has been a path 
breaking epitome in the field of electronics engineering. ECG 
analysis has time and again proved its worth by making life easier 
and more often than not giving a new lease of life to humankind. 
Our project takes the concept to a new level by means of analyzing 
the output waveforms using an ARM processor. Visual basic is 
used at the PC end to receive the signal decode it and display 
the waveform. The ECG waveform can be sent further through 
internet for further analysis. This can bring a great change in 
telemedicine field. ECG Waveforms can be seen by using the 
MATLAB Software.

Fig. 10: Detected ECG Signal After Amplification and 
Filtration
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