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implications on the human body. In extreme 

cases of arrhythmia, stroke or cardiac failure 

can occur. 

An ambulatory ECG monitoring system 

allows patients to keep continuous track of 

their ECG which is a graphic tracing of the 

voltage generated by the cardiac muscles 

during heartbeat. A typical cardiac cycle is 

depicted by the PQRST waveform. The first 

deflection, P, is due to atrial contraction and 

is hence, known as atrial complex. The Q, R, 

S, T deflections are due to ventricular activity 

and are together referred to as the ventricular 

complex. The detection of the QRS complex 

is most important as it bears information 

about the heartbeat rate. In this system there 

will be a continuous monitoring of the heart 

signals through measurement and processing 

of the ECG trace, which eventually will be 

compared with the tolerable range. In case of 

any abnormalities alert signals will be sent 

via android application. 

Methodology 

This System will consist of several modules. 

These Modules are: 

 Sensor Module 

 Processor and Microcontroller Module 

 Wireless Module and API (Application 
Program Interface) Module 
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Block wise detailed analysis: Sensor 

module 

Each of the cell membranes that form the 

outer part of the heart is associated with some 

amount of charge which is depolarized 

during every heartbeat. The depolarization 

followed by re-polarization of these cell 

membranes result in variation of electric 

potential. For the purpose of sensing we will 

use Electric Potential Integrated Circuit 

(EPIC) sensors. It is an advanced version of 

EPS (Electric Potential Sensor) and has been 

developed by Plessey Semiconductors [1]. 

The EPIC sensor is an electric field sensor 

that measures electric field changes in the 

human body, i.e. it measures 

electrophysiological signals. The electrode 

surface of the detector is coated with passive, 

thin dielectric in order to avoid the use of 

electrically conductive gel. Hence, EPIC is 

said to be a dry sensor [10]. The sensor is an 

ultra high impedance sensor that acts as a 

highly stable, extremely sensitive, digital 

voltmeter that can measure electric potential 

in the scale of mill volts (mV). The sensor 

can be used in contact as well as non-contact 

mode. Although for recording ECG signals, 

contact mode is preferred [8]. As an insulated, 

active electrode sensor, it requires no 

resistive contact with the source and relies on 

the displacement current through the 

capacitive-coupled thin dielectric electrode 

coating. The ECG trace ideally requires two 

sensors to measure electric signals from parts 

of the body on opposite sides of the heart. So, 

we will use two sensors, one placed on the 

right chest and the other on the left chest. The 

ECG signal obtained from the sensor will be 

a low voltage signal that is produced in a 

high offset and noisy environment. Removal 

of a major part of this noise is important 

before amplification of the required signal as 

amplification of unwanted signals may lead 

to a loss of the low voltage ECG signal. The 

signal that is received from the sensors need 

to be pre-amplified before any further signal 

processing. The pre-amplifier will have low 

voltage gain and high input impedance. It 

will be directly coupled with the sensor 

electrodes to provide optimal low frequency 

response as well as to minimize charging 

effects on coupling capacitor from input bias 

current.  

Processor & microcontroller module  

Typically, ECG signal is characterized by 

maximum amplitude of 1-2 mV and a 

bandwidth of 0.05Hz to 150Hz. The signals 

from the electrodes are highly affected by 

noise. Since the acquired signal has noise 

super-imposed on ECG signal, a differential 

amplifier with high Common Mode 

Rejection Ratio (CMRR) will be used to 

remove the common mode noise at the input 

terminal itself.  

The differential amplifier that will be used is 

an INA321 instrumentation amplifier. The 

INA321 family provides low-cost, low-noise 

amplification of differential signals with 

micro power current consumption of 40μA 

and shutdown current of less than 1μA. 

INA321 provides CMRR of approximately 

94 dB extended up to 3 kHz, the INA321 

rejects the common-mode noise signals 

including the line frequency and its 

harmonics. The instrumentation amplifier 

therefore will eliminate the DC offset of the 

human body. It is also capable of removing 

the interference picked up from the AC 



Som et al./Vol. VI [2] 2015/71 – 78 

74 
 

mains (Power Line Interference), although in 

this module we use a battery.  

The MSP430 is the family name of the ultra-

low power 16-bit mixed-signal RISC 

processors from Texas Instruments. MSP430 

microcontroller has three operational 

amplifiers OA0-OA2.  Op -Amp OA0 will be 

used to obtain a low pass filter circuit. The 

low pass filter here will act as an anti-aliasing 

filter which restricts the signal of higher 

frequency (greater than 150Hz) to the further 

stages of the circuitry. The output signal from 

the OA0 will be 500x amplified. Due to such 

a large amplification factor, the output will 

be sensitive to variations in the electrode-to-

skin contact resistance. These variations will 

lead to a low frequency noise known as the 

baseline wander [6]. This low frequency noise 

can be removed by using OA1 integrator 

circuit. This circuit will integrate the DC 

content of the 5x amplified ECG signal and 

feed it back to the INA321.The sampled ECG 

waveform will still contain some amount of 

distortions. This will be removed by digitally 

filtering the samples [7]. A low-pass FIR filter 

with pass-band upper frequency of 6 Hz and 

stop-band lower frequency of 30 Hz will be 

implemented in this application. The filter 

coefficients will be scaled to compensate the 

filter attenuation and provide additional gain 

for the ECG signal at the filter output. This 

will add up to a total amplification factor of 

greater than 1000× for the ECG signal. The 

FIR filtering is implemented on-chip. 

The programming of the microcontroller will 

be done with a JTAG connector. There is 

provision for UART connection out from the 

microcontroller board. The ECG signal 

derived from the circuit will transmitted to a 

Bluetooth transceiver unit CC2541 using the 

UART connection. The programming of the 

microcontroller itself will be done using C 

language along with development tools. The 

number of heart beats per minute will be 

calculated using a three beat average. Two 

variables in the C main function, i.e., counter 

and Pulse period, will accurately track the 

time scale. Each output sample from the QRS 

discriminator will be compared against a set 

threshold to detect the presence of a beat. 

Pulse period is incremented by one during 

every sample period. The threshold levels of 

the PQRST deflections will be set according 

to convention and any variation of the 

measured ECG trace from the ideal values 

will transmit an alarm signal wirelessly to the 

user’s phone. 

The R-R interval bears information about the 

heartbeat rate which is checked against the 

normal range of 50-100bpm in the MSP430. 

The absence of the P deflection may be an 

indication of atrial fibrillation. Baseline rise 

of the ST segment is an indicative of 

myocardial infarction. ST segment 

depression is an indicative of ischemia. The 

variation of PQRST is to be monitoring by 

comparison in the MSP430 C program to 

predict possible occurrence of these 

conditions.  

Wireless module and API 

For the purpose of wireless transfer 

Bluetooth is preferred over Zigbee as mobile 

phones are usually incorporated with a 

Bluetooth module. CC2541 [5] is a low power 

Bluetooth device from Texas Instruments. It 

combines an RF transceiver unit with an 

industry-standard enhanced 8051 MUC and 

has a programmable flash memory, 8kB 

RAM, besides other powerful features. The 
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output from the MSP430 will be fed into 

CC2541 using the UART. The ECG trace 

information will be wirelessly transferred 

along with the alert signals and calculated 

heartbeat rate to the user’s phone. An android 

application will be developed using Android 

Development Tool. The main function of the 

application will be to display the real-time 

ECG trace and the value of the heartbeat rate. 

Also, the application will be so configured, 

that any deviation from the ideal values will 

send alert signals and location information to 

two relatives of the user (as mentioned by the 

user) as well as the nearby healthcare facility.  

Methodology and alogorithm of operation 

The Sensor Module will consist of the EPIC 

(Electric Potential Integrated Circuit) 

Sensors. The ECG trace ideally will require 

two sensors to measure electric signals from 

parts of the body on opposite sides of the 

heart. So, in this system two sensors will be 

used, one placed on the right chest and the 

other on the left chest. The acquired signal 

will have noise super-imposed on ECG 

signal; therefore a differential amplifier with 

high Common Mode Rejection Ratio 

(CMRR) will be used for removal of noise at 

input terminal. The differential amplifier that 

will be used is INA321 instrumentation 

amplifier which will remove the dc offset of 

the human body as well as the interference 

picked up from the ac mains. The processor 

module of the system will consist of 

processor MSP430 which contains three 

operational amplifier 0A0-0A2 that will give 

1000x amplified ECG signal. Further the 

amplified ECG signal will be used for 

comparison. Programming of microcontroller 

will be done using C language. Each output 

sample will be compared against a set 

threshold value. The threshold value will be 

set in accordance to convention and any 

deviation of the output samples from the 

ideal value will lead to wireless transmission 

of alert signal to user’s phone. In this system 

the wireless module will consist of a low 

power Bluetooth device from Texas 

instruments (CC2541). Using an android 

application which will be developed with the 

help of android development tool, the alert 

signals as well as location information will 

be sent to registered relatives of user and 

nearby healthcare facility. 

Step 1: Two EPIC sensors measuring heart 

signals from left and right side of chest and 

pre-amplification stage. 

Step 2: Output signals from EPIC fed to 

differential amplifier INA321 

instrumentation amplifier to remove noise 

signals superimposed on ECG signals. 

Step 3: Signal from INA321 fed to processor 

MSP430 for further noise removal, signal 

amplification and comparison with threshold 

limits (as programmed within the processor). 

Step 4: Deviation of output values from ideal 

values leads to wireless transmission of alert 

signals to user’s phone via Bluetooth 

CC2541. 

Step 5: Android application present in user’s 

phone sends alert signals and location 

information to relatives and doctors. 

As we can see from the Fig 3.3 the time 

interval required by different segments are 

different, more in case of ventricular 

tachycardia. Moreover it is evident from the 

Fig 5 - Graph 2 as well as from Fig 6 values 

on the graph that in case of ventricular 

tachycardia that the P wave is present for 

negligible time interval or more generally we 
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can say that QRS complex is not preceded by P waves.  

 

MSP430 will be programmed with this 

normal ranges incorporated within the 

program .The input ECG signal from the 

sensors will be measured for the time interval 

of the different segments for comparison. 

Deviation will result in signals sent to 

Bluetooth module. 

Fig 6 shows the graph comparing different 

heart beat rate. The R-R interval of ECG 

gives the heart rate value, thus for 

comparison of heart rate the R-R interval is 

measured and compared in MSP430. 

                                     
Fig 5: Graph 1:- Normal ECG, Graph 2:- ECG showing ventricular trachycardia 
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Conclusion 

The two sensors of the system will be fitted 

on the left and right side of the body 

respectively .The feed from the sensors will 

be given to the central unit which will 

contain the processor and the Bluetooth 

transceiver. The entire unit will be fitted 

upon a belt and can be easily worn below the 

chest by the user. This system has very low 

power requirements as the components 

required to build the system like processor 

MSP430 and Bluetooth module 

CC2541operate on low power. The entire 

system will provide a non invasive, cost 

effective and portable healthcare unit for 

patients which hopefully will reduce mishaps 

due to delay in treatment 
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