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Abstract— The Cardiovascular Disease (CVD) is the leading cause of death in the world. Due to the changing life style 
heart attack rate is increasing day by day. In India, current heart attack rate is about 25%. The main cause of heart attack is a 
lack of medical care at the right time. To avoid this there is a need of regular checkup of health. In some cases it might be 
required to monitor ECG frequently. But it is not possible due to the high cost of healthcare equipment as well as time 
consuming process. This is the limitations of existing system. So, there is a need of low cost, portable, low power and time 
saving ECG monitoring device. With the use of this portable device patient can monitor there ECG anytime, anywhere and 
send the report of ECG to the doctor and can effectively communicate with the doctor. In case of any abnormality doctor 
may call the patient. This paper presents the development of Low cost, low power, portable and time saving ECG monitoring 
device. 
 
Index Terms— ECG, MSP430, Android, Bluetooth, Mobile Health. 
 
I. INTRODUCTION 
 
According to World Health Organization (WHO) 
Cardiovascular Disease (CVD) is a one of the leading 
cause of the death worldwide. The high cost of care, 
lower quality of life and premature death causes a big 
burden on society .The monitoring of patients 
physiological information are very important for the 
further treatment. Many patients can benefit from 
continuous monitoring as a part of diagnostic 
procedure. The remote monitoring also enables the 
patients to live his normal live and to decreasing the 
cost of healthcare. With the recent development in the 
technology and IC design the memory size and 
computing power have increased considerably. This 
development makes many mobile devices capable of 
caring out complex computing tasks and thus can be 
used in monitoring heart disease patients remotely. In 
this paper we are discuss the real time ECG that can 
provide the facility of monitoring and follows up the 
patient’s condition. This paper discusses the 
implementation of a device which aims to develop an 
ECG monitoring system based on a smart phone 
platform. It is a low cost heart rate monitoring 
solution based on a low power MSP 430 
microcontroller which is fully integrated with sensing 
electrodes on the transmitter side. 
The controller converts the analog signal to a digital 
signal via an inbuilt 10-bit analog to digital converter, 
conditions and filters it for transmission via a 
Bluetooth Trans receiver IC (HC-05) compatible with 
the MSP430.The Bluetooth (HC-05) is an easy to use 
Bluetooth serial port protocol 
module designed for transparent wireless serial 
connection setup. Serial port Bluetooth module is 
fully qualified Bluetooth V2.0+EDR (Enhanced Data 
Rate) 3Mbps modulation with complete 2.4 Ghz radio 
Trans receiver and baseband. It operates on very low 
power (1.8v).The real time data is received at the 
smart phone end and displayed in real time. 

 
Fig. 1 Block diagram of the system 

 
Android is a platform of choice because of its 
availability on most mobile phones apart from strong 
existing and future growth prospect. The android 
platform based smart phone will be used for diagnosis 
and will also be transmit captured images or videos to 
a care givers , health care centers or medical 
professionals for specialist advice. 
 
II. ECG SIGNAL AND SOURCES OF NOISE IN 
ECG SIGNAL 
 
ECG is a graph showing electrical activity of the 
heart. It is a trace of voltage generated by the cardiac 
muscle during a heartbeat as shown in fig.1.The heart 
generates an electrochemical impulse that spreads out 
in the heart in such a fashion as to cause the cells to 
contract and relax in a timely order and thus gives the 
heart pumping characteristics. This electrochemical 
action can be measured at the surface of the body. An 
actual voltage potential of approximately 1 mv 
develops between various body points. 
ECG signal from electrodes is very low amplitude 
signal nearly 0.8 to 1.2 mv which is amplified and 
filtered by signal conditioning circuit. Basics of ECG 
signal and different sources of noise in ECG signal 
are discussed in this section. 

 

 
Fig. 2 ECG Waveform 
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ECG signal is corrupted due to various types of 
artifacts as follows: 

1. Power line interference. 
2. Electrode contact noise. 
3. Motion artifacts. 
4. Muscle contraction. 
5. Base line drift. 
6. Instrumentation noise generated by 

electronic devices. 
For getting the accurate ECG signal we need some 
signal conditioning circuit. 
 
III. SIGNAL CONDITIONING CIRCUIT 
 
ECG has a very low amplitude signal nearly 0.8 to 
1.2 mili-volts. This raw signal of ECG must be 
amplified and its voltage level is increased with the 
standard instrumentation amplifier. ECG electrodes 
are directly connected to the differential inputs of 
instrumentation amplifier. This instrumentation 
amplifier has high gain and CMRR (AD620) which 
has low input bias, offset currents and fast slew rate. 
A high pass filter with cut-off frequency of 0.5 Hz is 
used to remove baseline wandering (BW). After 
removing this noise, design has three stages of 
amplification using LM324N.As we have also added 
a notch filter with cut-off frequency of 50Hz, power-
line interference has been diminished completely. 
The highest frequency component in ECG is 150Hz 
so, an active filter is designed to have cut-off 
frequency of 150Hz. After some basic filtering this 
ECG signal is transmit to the Microcontroller 
MSP430. 
 

 
Fig. 3 Block diagram of Signal conditioning circuit 

 
High pass filter is used for removing low frequency 
noise like line baseline drift, it also removes dc offset 
from the signal and provides required gain to the 
signal .Low pass filer is used to remove higher 
frequencies from the signal and provides gain. The 
notch filter is used for removing power line 
interference present in ECG signal. Lastly the dc 
level shifter is used to shift the signal above the 
ground level so that we have the positive values of 
the signal. 
 
IV. MICROCONTROLLER MSP430 
 
Once we obtained the properly amplified and filtered 
ECG signal we have to send this signal to the 
microcontroller for analog to digital conversion. A 
high-performace10-bit analog-to-digital converter 
embedded on the microcontroller (MSP430G2553), 

the ADC10 module, is used to convert the ECG 
signal coming from the front end circuit and then 
digital data is transferred to the UART module for 
serial communication and wireless transmission. In 
the system MSP430G2553 microcontroller is used. 
This is the 16-bit ultra-low power microcontroller by 
Texas Instruments is based on RISC architecture. It 
operates on very low voltage ranges from 1.8V to 
3.6V. The architecture, combined with five low-
power modes, is optimized to achieve extended 
battery life in portable measurement applications. For 
transmitting the signal wirelessly to a remote device 
we are using Bluetooth protocol (HC-05). Bluetooth 
is a wireless technology used for transmitting the 
data. It is a portable device. Bluetooth module is used 
for wireless transmission of ECG signals to any 
Bluetooth supported devices. It gives very easy 
wireless connectivity and works on 3.3V dc voltage 
which can be easily available from microcontroller. 
The module is cost effective and very simple to use 
for serial communication.HC-05 module is an easy to 
use Bluetooth SPP (Serial Port Protocol) module, 
designed for transparent wireless serial connection 
setup. Serial port Bluetooth module is fully qualified 
Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps 
Modulation with complete 2.4GHz radio transceiver 
and baseband. It uses CSR Blue core 04-External 
single chip Bluetooth system with CMOS technology 
and with AFH (Adaptive Frequency Hopping 
Feature).Data control: has Supported baud rate: 9600, 
19200, 38400, 57600, 115200, 230400, and 460800. 
 
V. ANDROID APPLICATION 
 
Android is an open source and Linux-based 
Operating System for mobile devices such as 
smartphones and tablet computers. The main 
objective of this paper is that by using android 
platform we can produce the prototype for portable 
ECG. This application will be used to display the 
ECG data signal sent from the ECG circuit via 
Bluetooth device HC-05. This application is 
developed in Java programming language. The tools 
used in the development of this application are 
Eclipse, Android SDK (Software Development Kit), 
ADT plugging for eclipse. The flow of this ECG 
application is as shown in fig. 3. 

 

 
Fig. 4 Flow diagram of Android Application 
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Fig. 5 Splash screen of ECG application 

 
VI. RESULTS 
 

 
Fig. 6 Hardware of the system 

 

 
Fig. 7 ECG Signal 

CONCLUSIONS 
 
This portable ECG monitoring device benefits for the 
patient and acts as a virtual doctor for the patient. 
With the use of this device patient can avoid the 
regular visit to the doctor for checkup. So, it saves the 
time of the patient. It is a very low cost, low power, 
portable and time saving ECG monitoring device 
implemented for the patient. 
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