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Abstr act

In this paper the Internet was used as a media for transmission an ECG (Electro-
Cardio-gram) signal from a patient directly to a remotely reside doctor or consultant who
will respond via the same media directly. The ECG signal (at patient side) has been
compressed in a manner to achieve low bandwidth requirement by using Matlab
capabilities. Also, at consultant side the original signal is reconstructed using the same
capabilities of Matlab. The Internet works as the center of communication between the
two sides. A database was used to store the patient information which can be handled
easily by consultant. Respecting the internet no more than a simple rented web site was
required as a file storage shared between the consultant and patient. The results show
that the received signal at the doctor side after reconstruction had the complete and
compatible to the signal used for diagnosis.

Keywords: ECG Monitoring, Vialnternet, FTP

Gl AN e Qlll) cldayd 5 LA A8 e
)
ua.a)_.d\u_A(‘ﬁ‘suLg\)o)Lu\dLu)\ﬂdm}Suqﬁ\ﬂ\MulM\‘u_:;_d\adh‘_g
Calaz S o)umuju\wm@)kucq)udﬂ\}mucd)m‘ﬂ\j\u_m.H\uJ\o).uhA
oaddi W) Jlaadl 53 e aie e Jpeantl gluly (g all cails B (o o ) ) 3L
e 3ol LAY 3 LAY b L) o il Cuils i Ll ¢ Matlab—) Ll Jlesiuls
3o cld ol cpailall cn Juaty) S S Jeid o i) Matlab LS s sy [PAEY
G LY U8 e A sgan el Jgea ol faall (ga 5 Gl el e lae ¢ ad il 8 iy
UJA-‘ o S Jand o lalind & Jagss aBse (ga JS) I ling ol s ) D) dseilly Gl
J a Aalieedd) 3 LAY G il e lal | oy yall 5 (5 LEIEYT U8 (e Adladind s cililal)
Taaml) (ol e Ledadnay Al yall 5 LU Ailae 5 il sale) aay Cilical sal) ALK Cunlal)

1. Introduction

Recently, many systems has signals from mobile or homebound
been developed or proposed using the patients, combines GPS ( Global
Internet as a  backbone for Positioning System) location data, and
communication,  because of it's transmits both to a remote station for
availability over local and wide area display and monitoring. Fendli, R, et
There are several published literature a.[2] in 2005 published a paper about
and papers about advanced remote New wirdess technology for Tee
monitoring, Kathy J. Liszka, et al.[1] in home-care , that gives new possibilities
2004 described a real time remote for monitoring of vital parameters with
arrhythmia monitoring system wearable biomedical sensors, and give
developed at NASA collects ECG the patient the freedom to be mobile and
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still be under monitoring. Mohammed
Al-Rousan, &t. a. [3] in 2006 published
an article presents a remote healthcare
patient monitoring system, called
Virtual Eye (V1) that utilizes the world
wide web infrastructure to monitor,
collect, analyses and record patients
health status. M. Blount, et. al.[4] in
2007 described a Personal Care
Connects (PCC), that had been designed
to facilitate the remote monitoring of
patients. Malcolm Clark, et. AL[5] in
2007 published a paper which describes
the impact of a Remote Patient
Monitoring (RPM), the system allows
vital signs to be transmitted to a central
server, the medical professional may
then observe the data and provide
advice to the staff on optimum
management.. Most of the previous
works  has been severed from the
problem which is its need for a public
IP address. In this research we
investigated the ability to reduce the
complexity required, and hence
reducing the cost, to acquire and
transmit the ECG signal via Internet. In
general there are two parts in the project
accompanying this research, first one is
the design and implementation of
simple Holter device benefited from the

digital  processing  provided by
MATLAB software like( acquisition,
filtering, compression, eic.) The

second one is the web part which is
required for communicating the ECG
signal via Internet, This part also being
simple and not expansive due to using
the FTP( file transfer protocol) which is
provided simply by the server which
hosts the rented web site. Comparing to
other methods which are expensive
because of using host with public IP or
Virtual private Network(VPN).

In this research, the need of a public
IP address is not necessary, since only a
public Internet server is used. This will
make the system vey easy to
implement any where without requiring
a gpecia server  with public IP.
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Moreover, the implementation of such a
system can be regarded low cost
compared to others likethosein [6,7].

2 .The Overall Proposed System
Description

The proposed system consists of three
parts which are-

a. The patient part.
b. The consultant part.
c. ThelInternet server part.

These three parts are communicated
with each other through the Internet as a
transmission media. Figure (1) shows
these parts.

2.1 Patient Part

In this part the Microsoft Internet
Explorer (IE) acts as the user interface
through which the patient can
communicate to both the Internet server
and the Matlab software, The
connection to Matlab software is done
through  the  automation  server
commands availablein VBscript [8] .

i) ECG circuit .

This circuit consists an instrument
amplifier (IA-AD524) then its output
signal enters two first order high pass
filters the first one cutoff frequency is at
0.05 Hz and the second at 0.5 Hz. The
right leg technique is used in this circuit
to reduce the noise, where the negative
source (-9) volts is connected to the
right led of the patient through 44KQ
resistance, after passing through a
buffer that is designed with OP-741.

i) Matlab software at the

patient part .

The Matlab script file, which
consists many Matlab functions, is used
to get the patient ECG signa then
processes this signal to produce the
polynomial coefficient which is then
stored in a file to be transmitted to
Internet server, the whole process can
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be shown in figure (2), and a summary

of them is given bellow:-

1. Signa enters to PC from
microphone of sound card, using
microphonejack .

2. Use Matlab to get the signal &
convert it to vector, By using the
following Matlab commands:

Al = aloginput('winsound');
start(Al)
trigger (Al)
data = getdata(Al);

Process the converted signal with SW

notch filter, the notch filter is a second-

order (IIR) filter designed to suppress

the 50Hz interference this filter has a

noch frequency of 50Hz and -3dB width

10Hz, the transfer function of this filter
is:-
) 1-1.6182"1+2°¢

W& = Tstez 1+ 08732 =1

The deference equation of this filter

has been implemented using matlab

software .

3.Process the output signal from the
previous step with software (SW)
digital Butterworth filter in 4 steps
two for low pass filter and two for
high pass filter , The low pass filter
has cutoff frequency at 50Hz and has
the following transfer function:-

0.0675(1 + 2z~* + z7%)

hiz) =
2 11143z 1+ 0.4132-2

[ ]

The high pass filter has cutoff
requency at 0.5Hz and has the
following transfer function:-
b = 0.956(1—2z"* +z7%)
T 1-1.9z"1 +0.915z2
-It is essentially designed for
transferring.
2.2 Consultant part

) In this part the Microsoft
Internet Explorer (IE) is also used as
the interface between the consultant
and both the Internet server and the
Matlab software. The Matlab software
is installed in both the patient and
consultant clients. The interaction
between the (IE) and Matlab is done

file
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Thesefilters were implemented
using Matlab software.

4. Recognize if the abnormality has
occurred, Since there are standard
measurements for ECG signal that
determine the correct interval and
amplitude.

5. Treat the resulting signal
mathematically to get polynomial
equation, calculate the coefficients of
the polynomial equation for each 40
edements of the ECG data vector by
using the matlab command (polyfit),
The polynomial generated is a 6"
order has the following form:-

]

5 4 3
Pe X~ + PsX” + pyx” +p3x +

poxl +pixt $pg e d

iii) Connecting Patient's part to

Internet Server.

The patient part communicates
with the Internet server using
HTTP(Hyper Text Transport
Protocols) protocol used by the
Internet Explorer( IE) to get the
patient page, but the compressed ECG
data will be transferred to the Internet
server using FTP (File Transfer
Protocol), which has the following
advantages:-

- It is fast than HTTP in this type of
applications.

-It is a secure protocol

authentication.

by using

by using the Automation commands
availablein VBscrip .

i) _Matlab software for

consultant part.

In this part the reconstruction of
the original signal is done by Matlab
script file consists many functions
carried upon the received data from the
patient part, the diagram shown in
figure(3) summarizes this  process.
These function can be summarized as:-
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1 Download the files of the
patient in sequence, All patient files
are downloaded one after the other
from the specified directory within
the web site at the server.

2. Check if new information is
found, this means there is a change
with patient files if not no action has
been taken .

3. Reconstruct & plot the
polynomials equation, this means
regenerating the 40 data vector for
each 7 dements(p6..pO)which is the
coefficients of the 6" order
polynomial, using Matlab command
(polyval).

4, Send the reply to the patient,
according to the current patient
information the doctor will send a
reply.

5. Insert the notes of doctor in
Access database, the notes of the
doctor will be inserted into a
database which was constructed
using Access database in this
database there are two tables, one
includes patient’s personal
information like :-

( name, sex, age, family history,
diabetes, blood pressure, others)

The second table contains the
doctor notes and date of that notes
there is a table for each patient see
figures(11,12) .
iif)Consultant connection with

Internet server.

1.we use simple hardware consists of an
ECG preamplifier ( 1000 gain) , a
high pass filter ( to remove noise
artifacts ), and a digital Notch and
Butterworth filters that were built
with Matlab. The signal was entered
using the "microphone" jack built in
the sound card of a PC to minimize
the eectronic circuits that led to
reduce the cost and power
consumption.
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The consultant part retrieves the
ECG data from the Internet server
Using FTP and sends the responses to
the Internet server using FTP too, but
the consultant Page is retrieved using
HTTP protocol used by the (IE), as
described in figure (1).

2.3 Internet Server Part

Here, a general purpose Internet
server with HTTP and FTP services is
provided, the data files as wel as the
interfacing pages are reside in this
saver at a leased site, No additional
work is required more than using the
site as a meeting point for the patient
part and the consultant part.

3.Results:-

The obtained results can be
demonstrated in the figures (4-13),
figure (4) is the original ECG signal and
figure (5) is the ECG obtained from the
polynomial parameters ( i.e the
compressed signal), the other figures
demonstrate the web part.

4.Conclusions:

A continuous monitoring of the
ECG signal and the patient's current
heart activity are necessary for people
suffering from the cardiac diseases. In
this we describe an internet based
remote real time Holter ECG
monitoring system which characterized
by the following features:-

2.The MATLAB was used for local
signal analysis then using the
MATLAB capabilities to transmit and
receive files using FTP over the
internet so only a website was rented
in a size of 250 KB which leads to a
great reduction in the cost.

3. Ther diability of the communications
in this system is good because of
using the Internet as a communication
medium , since the Internet has the
ability to communicate in case of
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connection failure because amost
(with internet) there are an alternative
connection to carry the
communications.

Comparing this approach with other
systems we were pointed to in the
survey which are lack of the local
analysis and most of them required
server with public IP address which is
not easy to realize and costly.
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Figure(1l) The Overall ECG Monitoring System
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Figure( 2 ) :The block diagram for ECG processing and transmission via internet
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Figure( 3) : The block diagram of the proposed
application server processes
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Figure (7): ECG signal was sent
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Figure(13): Stored normal ECG Signal Database That is
used in Analysis and detection process

1335

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com



