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Abstract— Telemedicine is a rapidly developing apption of clinic medicine where medical informatmis
transferred through the phone or internet or otheretworks for the purpose of consulting and perfomgj
remote medical procedures or examinations. Telenceti can be applied to a greater extend in the dieif
cardiology where ECG serves as the major tool. Tipi®ject elaborates the experience; a methodology
adopted and highlights various design aspects tabasidered for making telemedicine in patient mtming
system effective. In this method, the patient’saVisigns like ECG, heart rate, breathing rate, tesrpture,
SpQ, are captured and the values are entered into theadl@se. It is then uploaded into the web based serv
and sent to the doctor’s phone using ANDROID techogy. It also enables the doctors to instantly sdyatk
their feedback to the nurse station.
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I. INTRODUCTION

The modern visionary of healthcare industry is tovjle better healthcare to people anytime and aeys/
in the world in a more economic and patient frigndhanner. Therefore for increasing the patient care
efficiency, there arises a need to improve theepatmonitoring devices and make them more mobilke T
medical world today faces two basic problems whemines to patient monitoring. Firstly, the neeflsealth
care’s provider's presence near the bedside obdtient and secondly, the patient is restricteldetth and wired
to large machines. In order to achieve better guphtient care, the above cited problems havetedived.

As the bio instrumentation, computers and teleconmications technologies are advancing, it has become
feasible to design more portal vital sign tele manig systems to acquire, record, display anddongmit the
physiological signal from the human body to anyataen. Recent works in communication technologiageh
inspired the development of telemedicine to a lagent. Telemedicine benefits not only the custsnreno
are able to receive health care more efficientlgl$o benefits the doctors who can streamline tiorts to
assist more patients.

A. Tele-Health Care

Tele-healthcare is the use of information techngltigprovide healthcare services at a distancecludes
anything from medical services at the inpatienatothe outpatient stage. It could even include wéeloctor in
one hospital supports surgery with a doctor in lamothospital somewhere on another continent. What t
doctors actually would like to see is constant nwinig of those parameters so they always know wimat
history is and how big the change from yesterdatptiay be and when you have these findings and theese
data points available, then a much earlier intetigarcan take place for a patient.

Telemedicine can be extremely beneficial for pediplag in isolated communities and remote regiansl is
currently being applied in virtually all medicalmains. Patients who live in such areas can be Isg@ndoctor
or specialist, who can provide an accurate and t&mpxamination, while the patient may not haveduel or
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wait the normal distances or times like those fromnventional hospital or general practitioner gisRecent
developments in mobile collaboration technologyhwiite use of hand-held mobile devices allow healéc
professionals in multiple locations the abilityi@w, discuss and access patient issues as ifwieeg in the
same room.

B. Telemedicine

Telemedicine is the use of electronic informatiamd aelecommunication technologies to support long
distance health care, patient and professionalttheare, patient and professional health relatadta&tibn,
public health and health administration. Telemettictan be used as a teaching tool, by which experie
medical staff can observe, show and instruct méditaff in another location by more effective oster
examination techniques. It has been shown to rethreecost of healthcare and increase efficiencguitin
better management of chronic diseases, sharechhmaltessional staffing, reduced travel times, tewder or
shorter hospital stays.

C. Telemonitoring

Telemonitoring is a medical practice that involvesnotely monitoring patients who are not at the esam
location as the health care provider. In generphté&nt will have a number of monitoring devicefame, and
the results of these devices will be transmitteal telephone to the health care provider. Telemdngos a
convenient way for patients to avoid travel andp&form some of the more basic work of healthcare f
themselves. In addition to objective technologimahnitoring, most telemonitoring programs includéjsuative
questioning regarding the patient's health and oomThis questioning can take place automaticallgr the
phone, or telemonitoring software can help to kdep patient in touch with the health care providene
provider can then make decisions about the patidreatment based on a combination of subjective an
objective information similar to what would be reled during an on-site appointment.

Some of the more common things that telemonitodiegices keep track of include blood pressure, hraset
weight, blood glucose, and hemoglobin. Dependinghenseverity of the patient's condition, the pdevimay
check these statistics on a daily or weekly basigetermine the best course of treatment. Monigparpatient
at home using known devices like blood pressureitoinand transferring the information to a caregiis a
fast growing emerging service. These remote madnigosolutions have a focus on current high morbidit
chronic diseases and are mainly deployed for tiséwiorld.

The Telemedicine system consists of customizedwenel and software at both the patient and spetialis
doctor ends with some of the diagnostic equipmigkesECG, X-ray or pathology microscope/camera paed
at the patient end. Through a telemedicine systamsisting of simple computer with communicationtsgss,
the medical images and other information pertainntne patients can be sent to the specialisoodeceither in
advance or on a real time basis through the datdiik in the form of digital data packets. Thgmekets are
received at the specialist centre, the images #met information are reconstructed so that the isfiscdoctor
can study the data, perform diagnosis, interadh wie patient and suggest the appropriate treatohaing a
video conference with the patient end. Telemedi¢audity thus enables the specialist doctor angl platient
separated by thousands of kilometers to see visaall talk to each other. This enables the spstiddictor to
assess the physical and psychological state opd#ient and suggest treatment. In this way, théesystic
application of information and communication teclogies to the practice of healthcare rapidly exatide
outreach of the healthcare system.

D. Remote Patient Telemonitoring

Remote patient monitoring (RPM) is a technologyeit@ble monitoring of patients outside of converglon
clinical settings (e.g. in the home), which mayréase access to care and decrease healthcareyebets.

Incorporating RPM in chronic disease managementsagmificantly improve an individual’s quality oifé.
It allows patients to maintain independence, prewesmplications, and minimize personal costs. RPM
facilitates these goals by delivering care righthe home. In addition, patients and their familgmbers feel
comfort knowing that they are being monitored antl me supported if a problem arises. This is gatrly
important when patients are managing complex sek-processes such as home haemodialysis. Keydsatfi
RPM, like remote monitoring and trend analysis dfygiological parameters, enable early detection of
deterioration; thereby, reducing number of emergedepartment visits, hospitalizations, and duratain
hospital stays. The need for wireless mobility @alhcare facilitates the adoption of RPM both émeunity
and institutional settings. The time saved as alred RPM implementation increases efficiency, alldws
healthcare providers to allocate more time to refyaducate and communicate with patients.

E. Remote Patient Telemonitoring Using Android Technology

Remote patient telemonitoring system using Javdleda3G mobile phone enables doctors to monitor the
vital bio signal such aBCG, Respiration rate, heart rate Sp&hd temperaturef patients in ICU/CCU using
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the real time waveform and data monitoring functadninstalled Java based application on the matlilene.

This project discusses the benefits of patient tooinig using android technology. It discusses gunology to

collect data from a patient monitoring system,ded the same to two separate interfaces displalysmgatient

parameters and details and sync the importantrivdtion to a web based server. This can in turnsseckby

the doctor remotely using an application instaltediis android phone, which he analyses and semutbfeck in

order to take preventive measures before he redlobdwspital. The physiological parameters likagerature,

heart rate, ECG, breathing rate and $p@ acquired from the patient monitoring systeralugs such as R-
wave amplitude and QRS complex width are also aedun order to simulate an ECG waveform in theraitd

application, which enable the doctors to get arcdeanario of the patient condition.

Il. MATERIALSAND METHODS

MURSE CALL

STATIOM
——

Fig. 1 Block Diagram

A. Sofwares Used
* Java
Java is used in a wide variety of computing platfefrom embedded devices and mobile phones orothe |
end, to enterprise servers and supercomputersechigh end. While less common, Java applets aretiomes
used to provide improved and secure functions wiiitawvsing the World Wide Web on desktop computers.

e Android
Android is a Linux-based operating system for mebiévices such as smart phones and tablet compliters
is developed by the Open Handset Alliance led bpdkn Google releases the Android code as operespur
under the Apache License. The Android Open Sourcge (AOSP) is tasked with the maintenance and
further development of Android. The version usedehie Android 2.2 Froyo was released, based onx.inu
kernel 2.6.32 is used to carry out out our projeatk.
* ECLIPSE
Eclipse is an open source community, whose prog&socused on building an open development piatfo
comprised of extensible frameworks, tools and me$ for building, deploying and managing softwaress
the lifecycle. The Eclipse SDK consists of the pei Platform, Java development tools and the RFlug-i
Development Environment.
«  XAMPP
This is intended for use only as a development tochllow website designers and programmers tothes
work on their own computers without any accessieolhternet. XAMPP 1.8.1 for Windows, including:
1. Apache24.3
= The Apache HTTP Server is a web server softwargrpro notable for playing a key
role in the initial growth of the World Wide Web.
2. MySQL 5.5.27
= The mobile phone stores the recorded data in a t8Qldtabase. This is needed
because it is not necessary that there will alw@eys network available to forward
the biomedical data to the server. MySQL was chaosesr SQLite as database
management system.
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B. Patient Parameters
ECG
Electrocardiography is a trans thoracic (acrosstibeax or chest) interpretation of the electriaelivity of
the heart over a period of time, as detected bgtrelées attached to the surface of the skin anorded by a

device external to the body.

R amplitude

| QRS duration |

Fig. 2 Wave description

The recording produced by this non-invasive procedis termed an electrocardiogram (also ECG or

EKG).An ECG is used to measure the rate and reiulair heartbeats, as well as the size and posttiothe
chambers, the presence of any damage to the hedrthe effects of drugs or devices used to regtltet heart,
such as a pacemaker.

on animals, usually for diagnosis of heart abnoitiealor research.

Most ECGs are performed for diagnostic or researaposes on human hearts, but may also be performe

Table 1
ECG Parameters
Feature Description Duration
RR The interval between an R wave and the next R wideemal resting heart rate is betwe 0.6to1.2
interval 60 and 100 bpm.
P wave During normal atrial depolarization, the main efieetl vector is directed from the SA no 8C ms
towards the AV node, and spreads from the riglhtimtto the left atrium. This turns into the|P
wave on the ECG.
PR The PR interval is measured from the beginnindhefR wave to the beginning of the QRS 120 to 200
interval complex. The PR interval reflects the time the teieal impulse takes to travel from the sinums
node through the AV node and entering the vensiclhe PR interval is, therefore, a good
estimate of AV node function.
PR The PR segment connects the P wave and the QRSecarpe impulse vector is from the 50 to 120 ms
segment AV node to the bundle of His to the bundle branched then to the Purkinje fibers. This
electrical activity does not produce a contractioectly and is merely traveling down towards
the ventricles, and this shows up flat on the ETI&& PR interval is more clinically relevant.
QRS The QRS complex reflects the rapid depolarizatibrihe right and left ventricles. The 80 to 12(ms
complex have a large muscle mass compared to the atrthesQRS complex usually has much larger
amplitude than the P-wave.
J-point The point at which the QRS complex finislaesl the ST segment begins, it is used toN/A
measure the degree of ST elevation or depressesept.
ST The ST segment connects the QRS complex and thav&.\Whe ST segment represents 80 to 12(ms
segment period when the ventricles are depolarized. Is@lectric.
T wave The T wave represents the repolarization (or regdwef the ventricles. The interval fro 16C ms
the beginning of the QRS complex to the apex of Thewave is referred to as the absolute
refractory period. The last half of the T waveeferred to as the relative refractory period |(or
vulnerable period).
ST The ST interval is meared from the J point to the end of the T wi 32Cme
interval
QT The QT interval is measured from the beginninghaf QRS complex to the end of the Up to 42
interval wave. A prolonged QT interval is a risk factor fegntricular tachyarrhythmias and suddems in heart rate
death. It varies with heart rate and for clinicglevance requires a correction for this, givingf 60 bpm
the QTc.

© 2013, IJCSMC All Rights Reserved

194



Prema Sundaranmternational Journal of Computer Science and MoBibmputing Vol.2 Issue. 5, May- 2013, pg. 191-201

U wave The U wave is hypothesized to be caused by thelagpation of the interventricule
septum. They normally have a low amplitude, anchewere often completely absent. They
always follow the T wave and also follow the sanmedation in amplitude. If they are to
prominent, suspect hypokalemia, hypercalcemia petiyroidism usually.

o

J wave The J wave elevater-point or Osborn wave appears as a late delta waleving the QRS
or as a small secondary R wave. It is considerethogaomonic of hypothermia ¢
hypocalcaemia.

=

The following table mentions some pathological grau$ that can be seen on electrocardiography,wetio
by possible causes.

Table 2
Pathological variations in ECG
Shortened QT interval Hyperkalaemia, some drugs$aicegenetic abnormalities, hyperkalaemia
Prolonged QT interval Hypocalcaemia, some druggaicegenetic abnormalities

Flattened or inverted T Coronary ischemia, hypokalaemia, left ventriculgpdrtrophy, digoxin effect, some drugs
waves

Hyper acute T waves Possibly the first manifestatib acute myocardial infarction, where T wavesdmee more
prominent, symmetrical, and pointed

Peaked T wave, QR Hyperkalemii, treat with calcium chloride, glucose and insdirdialysis
wide, prolonged PR, QT
short

Prominent U waves Hypokalemia

Heart Rate

A normal resting heart rate for adult’'s ranges fr@nto 100 beats a minute. Generally, a lower haaet at
rest implies more efficient heart function and éettardiovascular fithess. There are many ways liichy
the Heart Rate speeds up or slows down. Normaingesteart rates range from 60-100 bpm. Bradycasdia
defined as a resting heart rate below 60 bpm. Hewevweart rate from 50 to 60 bpm are common among
healthy people and do not necessarily require apatiention. Tachycardia is defined as a restiegrthrate
above 100 bpm, though persistent rest rates bet®@e®0 bpm, mainly if they are present during gleeay
be signs of hyperthyroidism or anemia.

Pulse Rate

The pulse rate can be used to check overall heaitthand fitness level. In medicine,
one’s pulse represents the tactile arterial padpatf the heartbeat by trained fingertips. Pulgetlfe count of
arterial pulse per minute) is equivalent to meaguthe heart rate.

Several pulse patterns can be of clinical signifaza These include:

e Pulsus alternans

e Pulsus bigemnus

*  Pulsus bisferiens

e Pulsus tardus et parvus
e Pulsus paradoxus

e Tachycardia

Temperature

Body temperature is a measure of the body's abdityenerate and get rid of heat. The body is gegd at
keeping its temperature within a narrow, safe rangite of large variations in temperatures a@she body.
Normal human body temperature, also known as ndrenotia or euthermia, depends upon the place in
the body at which the measurement is made, antintieeof day and level of activity of the person.

Different parts of the body have different temperas. Rectal and vaginal measurements, or measnteme
taken directly inside the body cavity, are typigaklightly higher than oral measurements, and oral
measurements are somewhat higher than skin teropgrathe commonly accepted average core body
temperature (taken internally) is 37.0 °C (98.6 °F)

F$O2

Usually, levels of Sp©range from 96 to 99% in healthy individuals. Howgvwhen patients have
pulmonary or cardiovascular chronic diseases as#me time as a common cold or pneumonia, the I&vel
SpG, may drop rapidly. SpOlower than 90% is defined as acute respiratofyriai When Sp@drops by 3 to
4% from its usual level, even if it is not lessit@0%, an acute disease may be suspected. In satieatp,
usual levels of SpOmay be below 90%. Most other individuals will hdlestuations of 3 to 4%.

Depending on individual pulmonary or cardiovascwanditions, the level of SpQnay be relatively higher
at rest, even though the level drops considerablindg exercise or sleep. As with “normal” body tesrgture,
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the level of Sp@varies from person to person. Therefore, it id besecord the individual’s level of Sp@ver
a long period, and determine their typical rangeest and at various levels of activity so that abral
decreases can be detected.

C. Database Creation

Control Panel
¥AMPP Control Panel Application = @ x |
1 XAMPR Control Panel [ Shell
) {Apache Friends Edition)
Setup
Modules Port-Checle
Mave Apache Running [ stop | [ admin | [ Explore |
Esve Mysal Running [ Stop | [Admin | [ sem |
[Flsve filezilla | start Admin Refrash
Elsve  merary [(str | [ oee
Sve  Tameat Start Exit
¥AMPP Control Panel Version 2.5.8 (2008-07-28) 7
XAMPP for Windows Version 1.7.2
Windows 6_0 Build 8000 Platform 2
Current Directorys C-\xamop o,
Status Check OK (3
Busy .
ipache started
Busy
MrSOT. atavred =
1 " r

Fig. 3 Control panel

The Control panel is used to create the database riain software used for this is XAMPP. It mainly
consists of Apache, MySQL, Filezilla, and Mercurgricat. In this project, Apache and MySQL are used t
create the database. The options Apache and My$€ktarted. Later the admin of MySQL opens to aoth
window. On opening the database ICU Biomedical #red option patient details will lead us to the eati
details window.
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Patient Details

1y localhost / Iocalhost / icu_biomedical [ patient_details | phpMyAdmin 3.2.0.1 - Opera

Fle Edt Yiew Bockmarks ‘Widgets Tools  Help

q« @« % » tﬁ m ' ‘ﬁ‘http:h“l6ca\hostiphpmyadminhndex.php?dh=\cu_b\Dmed\ca\&token=aec6353f10dd753809528f163034d612 ¥ B 3000l v

& Server: localhost b [ Database: icu_biomedical » & Table: patient_details

BWWSESIructure E@SQL J-/Search  FeInsert @Expon Impon % Operations @Empty ¥ Diop
" Showing rows 0 - 3 (4 total, Query took 0.0004 zec)

Datahase kLA
5 i EROH “patient details®
icu_biomedical (2) B i

|Profiling [ Edit ] [ Explain SQL | [ Create PHP Cade ] [ Refresh |

icu_hiomedical [2)

B patient_details

] patient_parameter Shu_mi_ 30 row(s) starting fram record # 0

in harizontal v mode and repeat headers after 100 cells

Sont by key: None ¥
+ Options

patientid  name mobile address  age gender feedback
WAL 1 hema 9847630162 koehi 7 fmle  nomnal
= 2 hbavan 9B47OR9644 kozenchery 28 male  ctar owygen
U 3 abraham 9354678952 konni %  male  nomal
Wl 4 javalakshmi 9525154016 kochi 55 frale check temperature

1 Check Al Uncheck All With selected: 2 X
Show: |30 row(s) starting from record # 0

in harizontal v mode and repeat headers after 100 cells

rQuery results o
1. Printview 15 Print view (with full texts) B Export B CREATE YVIEW

r B Bookmark this SOL query

Labet: | Let every user access this baokmark

Bookmark this S0L query | | =

1 o N e
- JEYEREAT Y

Fig.4 Patient details
The ‘patient details window’ is used to create dablase on patient details containing the necessary

information of the patients which includes patiidt name, mobile number, address, age, gendereeubéck.
There are separate options to edit and createatiadase so that the data can be updated on time.

© 2013, IJCSMC All Rights Reserved 197



Prema Sundarannternational Journal of Computer Science and MoBibmputing Vol.2 Issue. 5, May- 2013, pg. 191-201

Patient Parameters

14 localhost / Iocalhost £ icu_biomedical I patient_parameter | phpMyAdmin 3.2.0.1 - Opera

Fle Edt Yew Bookmarks Widgets  Took  Help
¥ aipeedtua\

« & 2 B fﬁ m il hetpflocathostjphpriyadninfindss, php?dbsicy_biomedicalitoken=aecs35310d4752809528f 1630640512 v m -

WMMM 2 Server: localhost » [ Database: icu_biomedical b &

[EBrowse | g Stuctue  JS0L JSearch Feinsert FEExport [Eimport 3 Operations  [{Empty  EDiop
o 1 row(s) affected

Database WFIATE “icn biomedical®. pavient paramever’ SET ‘pavienc_id® = '§765' WHERE ‘paviens paramever’.®id* =5 LINIT 1

Table: patient_parameter

icu_biomedical (2) b
. [ Edit ] | Create PHP Code |

icu_biomedical (2)

B patient_details & Showing rows [ - 4 (& total, Query took 0.0005 sec)
B patient_parameter e

FROH ‘pat ient parametar’

LIMIT @ , 20

_|Prafiling [ Edit | [ Explain SQL | | Create PHP Code | [ Refresh |

Show; | 30 | row(s) stading from record # 0

in harizantal » mode and repeat headers after 100 | cells
Sort by key: Mane v
+ Optiong
id patient id ecg pulse_rate heart beat svo? temp w piltude g I

W S 72 74 9B ¥ 46 0.09
[ 12l i 70 % % 38 o
[0 # K 375 3 a1 9% 57 A07 008
L2 K 4 s 4 T 72 9 B 49 0.2
LI % 5 788 S T 70 % 3 445 0.7

1 Check &1/ Uncheck All With selected ;S X B
Show: 30 | row(s) starting from record #0
in horizontal v mode and repeat headers after 100 cells

"Uueryresults perati
" Print view = Print vie fudth fill tete) B Funont B CREATE YIFW

b

[ o NS

Fig.5 Patient Parameters
The patient parameters window helps in includingasabase containing the patient parameters such as
patient ID, ECG, pulse rate, heart rate, gp®mperature, R wave amplitude and QRS complexhwithere
are separate options to edit and create the d&aoathat the data can be updated on time

D. Android Emulator

Fig.6 Android emulator
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The Android SDK includes a mobile device emulatora—virtual mobile device that runs on our computer.
The emulator lets us develop and test Android apptins without using a physical device. This doeahis a
reference to the available command line optionsthadkeyboard mapping to device keys.

Ill. RESULTSAND DISCUSSION

Remote patient monitoring system enables the daehar is not in the hospital to know about the detef
his patient. The values of the bedside monitohaICU device are obtained and are uploaded tovarsel hen
it is made available to the doctor. Notificatiorsend in case of abnormality.

EEX
000

2600

* ey

APPLICATION

Fig. 7 Mobile application

In this screen the patient parameters like ECGatigoulse rate, heart rate, temperature and,Sp®

displayed simultaneously along with the correspoggatient’'s name. When a patient detail is seteittgets
displayed on a separate window.

ECG -1 Pulse Rate -72 Heart rate-74 Temp-36 SPO2-98 R
wave amplitude-.6 Q R § complex-0.03

bavan

ECG-2Pulse Rate 74 Heart rate-70 Temp 35 5PO237R
wave amplitude 3.4.Q R § complex0.11

abraham

ECG-3Pulse Rate 72 Heort rate-81 Temp-37 SPO2.99 R
wave amplitude 5,07 Q R § complex-0.08

Fig.8 Application as seen in doctor’s phone
In this window each patient’s details is particlyjariewed. Here two buttons, ‘save changes’ and EC&

included. When a description is added to the figlvided and the save changes button is clickedfetbdback
is automatically updated to the feedback. WherE@6 is clicked the corresponding waveform is olgdin
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. 555411

S Cruenges

Fig.9 Doctor's feedback screen

In this window the corresponding ECG wave pattsriéwed.

Fig.10 Patient ECG waveform viewed in the doctplisne

IV. CONCLUSION

This project shows the patient’s vital parametershsas ECG, heart rate, SpO2, pulse rate and tatoper
are measured using a patient monitoring systemsél'kialues are entered into a database and aredagl@z#o
a web based server manually; there is scope ofiegtéhe database automatically in the future. Atke entire
details of the patient suffering from various chicodiseases like cancer, Alzheimer’s etc can bé teem doctor

sitting abroad in order to analyze and recommemrdype of treatment and medicines for the diagnokibe
disease.
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