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ABSTRACT

An ECG analysis with activity monitoring for the home care of elderly persons or patients, using wireless sensors
technology was design and implemented. The changes in heart rate occur before, during, or following behavior such
as posture changes, walking and running. Therefore, it is often very important to record heart rate along with
posture and behavior, for continuously monitoring a patient's cardiovascular regulatory system during their daily life
activity. The ECG and accelerometer data are continuously recorded with a built-in automatic alarm detection system,
for giving early alarm signals even if the patient is unconscious or unaware of cardiac arrhythmias. The hardware
allows data to be transmitted wirelessly from on-body sensors to a base station attached to server PC using
IEEE802.15.4. If any abnormality occurs at server then the alarm condition sends to the doctor’ PDA (Personal Digital
Assistant).
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I. INTRODUCTION

Recent advances in sensor technology allow
continuous, real-time ambulatory monitoring of
multiple patient physiological signals including:
electrocardiogram  (ECG), body  temperature,
respiration, blood pressure, oxygen levels, and
glucose levels [1, 2]. Technology that would allow
healthcare providers to deploy, configure, and

manage such monitoring systems, would provide a
tremendous service to the healthcare industry while
at the same time improving the quality of life for
thousands of patients.

We are trying to develop a robust platform for
real-time monitoring of patients staying in their
home and transmitting health data to doctors
working at the hospital with extended  ECG [5]
and acceleration analysis [6, 7]. It has been
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observed that changes in heart rate occur before,
during, or following behavior such as posture
changes, walking and running. Therefore, it is often
very important to record heart rate along with
posture and behavior, for continuously monitoring
a patient’s cardiovascular regulatory system during
their daily life activity. The ECG and accelerometer
data are continuously recorded with a built-in
automatic alarm detection system, for giving early
alarm signals even if the patient is unconscious or
unaware of cardiac arrhythmias [8]. The doctor at
the hospital uses special remote client software that
is installed on a standard PC or PDA as a Clinical
Diagnostic Station. Trained personnel will thus be
able to evaluate the ECG-recording for diagnosing
the conditions detected and follow up the patient
accordingly [9]. Figure 1 shows the system
architecture of ECG and accelerometer analysis for
ubiquitous healthcare system using wireless sensors.
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Fig. 1. System architecture of ECG and accelerometer
analysis.

II. SYSTEM DESIGN

Emphasis is placed on recent advances in
wireless ECG system for cardiac event monitoring
with particular attention to arrhythmia detection
and behavior monitoring such as walking, running
of patient. An accelerometer data for supporting
the ECG analysis gives some detail about the
effects of motion while the person is in the
motion. The system also provides an application
for recording activities, events and potentially
important medical symptoms. The hardware allows
data to be transmitted wirelessly from on-body
sensor to the base system and then to PC/PDA.

Accelerometer data is received by sensor unit
which consist of 3-axes accelerometer and data
acquisition board (AD5893, 12 bit ADC-MUX)
connected to to Micaz motes (Crossbow Technology
Inc) as a platform for processing and radio
communication. Micaz mote has Atmel Atmega
128L microcontroller, 4 KB of RAM and a CC2420
(Chipcon, Zigbee Compliant) 24 GHz ISM band
radio capable of data transfer at 250 kb/s. The

firmware for sensor unit is developed in nesC
using Tinyos [10]. As for the abnormal case, ECG
data is taken from MIT-BIH arrhythmia database
[11].

After receiving the serial data received from the
base station node attached to server, ECG and
accelerometer data are analyzed, which includes
searching the R-peak, ST-segment, P-wave, T-wave
and calculating the norm and orientation angle, in
real time.

Server/Client software programs were developed
in C# based on .Net compiler for monitoring and
analyzing the ECG and Accelerometer recordings.
Figure 2 shows the flow chat for ECG and
accelerometer parameter analysis.

Sensor Data
ECG, Accelerometer;

¥ v
1 HeaErtC gate Accelerometer
2. QRS Width 1.Norm Calulation
3. ST-Segment 2. Orlentatlon_ Calculation
3. Fall Detection
4. PR Interval

Alert Detection

Figure 2. Flowchart of ECG analysis.

For ECG analysis, the variant of Pan-Tompkins
algorithm [12, 13] is used for signal processing.
This algorithm is improved according to our
software analysis requirement and is developed in
Ci#net language to comfort with accelerometer
analysis. The algorithm proposes a real-time QRS
detection based on analysis of slope, amplitude,
and width of QRS complexes. It includes a series
of filters and methods that perform low pass, high
pass, derivative, squaring and integration
procedures. Filtering reduces false detection caused
by the various types of interference present in the
ECG signal. This filtering permits the use of low
thresholds,  thereby  increase the  detection
sensitivity. The algorithm adjusts the thresholds
automatically and parameters periodically to adapt
to changes in QRS morphology and heart rate.

Moving window integration extracts more
information from the signal to detect a QRS event
by averaging a certain number of samples per
window. In such cases, the window must be same
as the widest possible QRS complex, and the
length of the window must be selected carefully.
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Here for 200 samples per sec, the window’s length
is 30. By using moving window integration
process, we can calculate R-peaks, R-R intervals,
width of QRS complex and heart rate variability.
Heart rate is computed by measuring the length of
the RR interval, or a full period of the waveform.
These parameters are used to detect abnormality in
patients. For the abnormal condition, Server will
store the 1 minute ECGrecording and calculate the
heart rate, variation in RR-interval and width of
QRS complexes.

ST-segment is derived 80ms after the endpoint
of the QRS complex, if the R-R interval is greater
than 0.7s. If the RR interval is smaller than 0.7s;
the amplitude is measured 60ms after the QRS
complex has ended. The slope is calculated for the
following 20 ms.

P-wave and T-wave detection algorithm searches
for the T-wave first, after a QRS-complex has been
detected. The wave is expected within a specific
time window. The start and duration of window
depends on the R-R interval:

If the R-R interval>0.7s:
T-wave Window begin = 0.08s after QRS end.
T-wave window end = 0.004s.

If R-R interval<0.7s:

T wave window begin = 0.04s.

T wave window end = (0.7R-R interval -0.06) s.
Within this window, the minimum, maximum and
order of the slope of the derived function are
important detecting the T-wave. Bi-phase
T-wave can be identified in the same way. The

for

change of slope, as well as the end of the T-wave,
is detected based on thresholds. The slope must
include positive and negative values and the slope
magnitude needs to be at least 0.006mV/s for a
T-wave to be detected. The detection rule for a
P-wave is a positive slope followed by a negative
slope. The magnitudes of both slopes have to be
greater than 0.004mV/s. The algorithm searches for
this combination, until the beginning of a new
QRS complex is detected. The algorithm searches
for this combination, until the beginning of a new
QRS complex is detected. If SlopePwave[p-1]>
SlopePwave[p] then the slope is negative and if
SlopePwave[p-1]<SlopePwave[p] then the slope is
positive. It will check for five consecutive slopes
then can decide finally positive and negative slope.
Where p is the number of slope encounter and
SlopePwave is the calculated slope during P-wave
detection. Initially, the value set as p=1 and

SlopePwave[0]=0. Estimated P-R interval should be
less than 0.02sec for normal ECG, which extends
from the beginning of the P wave to the first
deflection of the QRS complex.

If Xi, Yi and Zi are the acceleration values at a
particular instant of time then acceleration norm
An is given as

An = /(Xi2+Yi2+Zi2)
and the orientation is calculated using the dot
product of the the norm and the vertical axes

cos® = Zi/An

The data collected at the base station attached to
PC are the sample level values in the range [0,
4096] of the voltage signal from sensor umit. So for
calculating the acceleration from these samples first
voltage level is calculated and checks weather this
voltage level is for positive acceleration or negative
acceleration. The formula used for calculating using
the exact acceleration values is given as
V.L=[(VDD (mV)* Sample Level)/409 - 1500(mV)]

200(mV)
Where 1500 mV is the reference voltage level of

the accelerometer, above this level is positive
acceleration and below is negative acceleration and
200 mV/g is the sensitivity of the accelerometer.
After calculating all parameter of ECG signal then
can classify shape and beat of ECG. For example,
in rest if the heart rate is greater then 100 then is
called sinus tachycardia disease and if the heart
rate is lees then 60 then it is called a sinus
bradycardia disease. If the heart rate is in between
60 and 100 then it is a normal sinus rhythm. But
it is not sure during moving activity of patient.
The moving activities (walking and running) of
patient is recorded in to
acceleration norm value 3g (where g = 9.8m/s2). If
the orientation angle is near by 90 degree and if

experiments  up

constant after few seconds then indicates patient
fall down . Further software will search for wide
QRS complex, P-wave, T-wave, ST- segment then
we can classify the types of arrhythmia disease. If
any abnormal ECG encounter then the server will
send alert condition with ECG parameter and
behavior status to doctor's PDA.

III. EXPERIMENTAL RESULTS

In our experimental results, we can diagnose
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arrhythmia diseases and can give information about
activity of patient. An ECG and tri-axial
accelerometer graph with their analysis result
shown in fig 3. Tri-axial Accelerometer data is
received by semsor as a real time streaming and
the abnormal ECG data is taken by MIT-BIH
arrhythmia database for testing.
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Fig. 3. An ECG and accelerometer analysis
interface.

In first half of figure shows x-, y-, z-axis graph
as a blue , red , green lines from channel-0,
charnel-1, channel-2 respectively of accelerometer
data. An ECG parameter box shows the values of
R-R interval= 408 ms, QRS interval= 68 ms, PR
interval= 112 ms and QT interval = 406 ms. An
accelerometer parameter shows the resultant (norm)
= 08984118 and orientation angle (in degree) =
75.84344. According to analysis results the patient
status goes abnormal with possible disease
tachycardia which is shown in status and possible
disease box. Activities of patient following by the
rest position and start moving after 13 seconds and
falls after 26 seconds. After ECG and accelerometer
analysis, if there is any abnormality then send
alarm condition to the doctor’s PDA.

IV. CONCLUSION

A prototype of ECG analysis with activity
monitoring was developed for the advanced
ubiquitous  healthcare system using sensors
technologies. Qur system acts as a continuous
event recorder, which can be used to follow up
patients who have survived arrhythmia diseases in
both ambulatory settings and in hospitals. The use
of an affordable device for monitoring activities

and analyzing ECG signals of patient at home can
provide informative details to the doctors using
PDA/PC, and simultaneously alert the doctor of
any emergencies.
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