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ABSTRACT

Thispaperillustratesthecloud-basedtelemonitoringframeworkthatimplementshealthcareautomation
systemformyocardialinfarction(MI)diseaseclassification.Forthispurpose,thepathologicalfeature
ofECGsignalsuchaselevatedSTsegment,invertedTwave,andpathologicalQwaveareextracted,
andMIdiseaseisdetectedbytherule-basedroughsetclassifier.Theinformationsysteminvolves
pathologicalfeatureasanattributeanddecisionclass.Thedegreeofattributesdependencyfindsa
smallersetofattributesandpredictedthecomprehensivedecisionrules.ForMIdecision,theECG
signalissharedwiththerespectivecardiologistwhoanalysesandprescribestherequiredmedication
tothefirst-aidprofessionalthroughthecloud.Thefirst-aidprofessionalisnotifiedaccordinglyto
attendthepatientimmediately.Toavoidtheidentitycrisis,ECGsignalisbeingwatermarkedand
uploadedtothecloudinacompressedform.Theproposedsystemreducesbothdatastoragespace
andtransmissionbandwidthwhichfacilitatesaccessibilitytoqualitycareinmuchreducedcost.
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1. INTRoDUCTIoN

Myocardialinfarction(MI),aharmfulcardiovasculardisease(CVD),isoneofthemostseriouscauses
ofdeathworldwide,nowadays.Everyyear,nearly8milliondeathsoccurgloballyduetotheabove
disease(WHO,2017).MI,popularlyknownasheartattackisresponsibleforcreatingagloballife-
threateningcircumstance.Itisafactthat,morethan610,000peopleintheUSAonlygetdistressedby
MI(cdc.gov,2017)withannualdirectestimatedcostsofover$316billion(Benjaminet.al,2017).In
thecurrentscenario,itexpandsinanepidemicmannerandwillcontinuouslydestroytheheartmuscles
ifnottreatedtimely.SoearlyandaccuratedetectionofMIcanimprovethediagnosesqualityandcan
effectivelyreducethemortalityrateintheworld.Aspertherecordsofdifferentstatisticalsurveys,
MIisbecomingamajorhealthburdenalsoinIndia.The70%ruralpopulationofIndiawholivesin
remotevillagesarefoundtobeharassedinthenameoftimelyaccessiblemedicaltreatment,because
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ofonly2%ofspecialistcardiologistsareinruralareas.Hence,timelymedicaltreatmentforrural
populations,reducetheincreasingburdenofCVDandtotalmedicalcostarecrucialanddemanding.

Cloud-basedTelemonitoringservicehastheprospectivestrategytoenhancetheprimarycareof
CVD,whichhastheabilitytoreducetheincreasingburdenofCVDonhealthcaresystem(Bashiet
al,2017).Telemonitoringservicesnotonlysupporttheautomaticanalysisofmedicaldatabutalso
alertthefirst-aidprofessionalforanyimportantdetectablechanges.Ithasthepotentialtoconnect
withthecardiologists,whorecommendedmedicationtothefirst-aidprofessionalthroughthecloud
server.Thefirst-aidprofessionalisattendedtothepatientneedsaccordingly.

Oneof themajorconcerns in thecloud-basedTelemonitoringservice is thehealthcaredata
securityandpatient’sprivacywhichwillbeagreatimpactforfurthersuccessofcloud-basedhealthcare
automationsystem.Duringcloudtransferorsynchronizationhealthcaredataarepronetowardhackers
withinterconnecteddevices.So,thishealthcaredatamustbeprotectedfromanykindofunlawful
access.Watermarkingtechniquecanplayacrucialroletoprotecthealthcaredatabycombiningthe
confidentialinformationwiththehealthcaredata.

Thepurposeofwatermarkingishidingamessage,calledwatermark,relatedtoadigitalsignal
(i.e.animage,text,song,andvideo)withinthesignalitself.ThusinacloudbasedTelemonitoring
systemdatasecurityintheformofwatermarkingandauthenticationisveryimportant.

Thehealthcaredataproducedbymonitoringsystemssometimesmaybevoluminousandrange
for long timeperiod.TheHugeamountofbandwidth isneeded for thedata transmission to the
doctor’send.Ifthedataiscompressed,thenthesehugeamountsofbandwidthmayavoid.Hence
anefficienthealthcaredatacompressiontechniqueisrequiredtoreducethehugeamountofdataas
muchaspossibleforanalysis,storageandtransmission(Halderetal,2014a).Themaintargetofany
compressiontechniqueistomaximizethedatavolumereductionduringthepreservationofsignificant
featuresandalsotodetectandeliminateredundanciesinagivendataset.

Thispaperprimarilyfocusesonthedevelopmentofaprimarylevelarchitecturalframework
forhealthcareautomationsystemusingcloud-basedTelemonitoringtechnique.Inthissystem,the
specialistDoctorisnotneededintheinitialstage.Asacasestudy,ECGsignalisusedasasignificant
assessmenttool.ThepatientshouldfirstturnupinthehealthcarecenterforECGtestingandrecorded
ECGsenttothedesktopviaBluetoothtechnologyandconsequentlydigitizedECGsignalinvoltage–
timeformatisgenerated.RecordedECGsignalisbeingwatermarkedtoavoidtheidentitycrisisand
transmittedtothecloudserverinacompressedform(Halder&Mitra,2015;Halder&Mitra,2014b;
Halderetal,2014c)foralongertime.Ontheotherhand,theproposedsystemremovesunnecessary
noisefromtherecordedsignalandextractsalltheclinicallysignificantfeaturesbyusingAdaptive
windowdependentdifferentialhistogramapproach(Halderetal,2016;Halderetal,2018).Extracted
featuresfurtherclassifiedbyarule-basedroughsetclassificationsystem.Iftheclassificationdecision
isNon-MI,thenthefirst-aidprofessionaldirectlyreportstothepatient.Otherwise,theuploaded
signalshareswiththerespectivecardiologistforanalysis.Instantly,cardiologistgetsanotification
mailandamessageinhisphone.Heanalysesthedownloadeddecompressedsignalandprescribesthe
neededmedicationtothefirst-aidpersonalthroughthecloudwithoutdelay.Thefirst-aidpersonalis
immediatelynotifiedandattendtothepatientneedsaccordingly.Inthisresearch,theonlinestorage
cloudDropboxisused.IFTTT(Ifthisthenthat)toolisalsousedtoconnectthecardiologistphone
numberwithanE-mailaccount.Thesuitabilityofthissystemisthataruralpatientatriskcanbe
constantlymonitoredwithoutthephysicalpresenceofcardiologistandhealthcaredatasentsecurely
tothecloudforfaultlessaccessfromanywhereandanytime.Suchasystemmaybeusedfordiagnosis
andpredictionpurposesandalsotoreducetheincreasingburdenofCVDandhealthcarecosts.This
paperistheextensionofapreviouspublicationwhichreportedcompression,watermarkedandfeature
extractionfromthesystemperspective(Halderetal,2016;Halderetal,2018;Halder&Mitra,2015;
Halder&Mitra,2014b;Halderetal,2014c;Halderetal,2014a).Inaccordancewiththeavailable
information,thisisthefirststudythatdesignedacloud-basedTelemonitoringtechniqueforhealthcare
automationsystemwithMIclassification.
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Therestofthepaperisarrangedasfollows:Section2reportsanoverviewofrelatedworksin
cloud-basedtelemonitoring.Section3brieflydescribesthearchitecturaldesignaspectoftheproposed
HealthcareAutomationsystem.SynchronizingtheDoctor’sphonenumberwithE-mailaccountusing
IFTTTisdescribedinSection4andSection5concludesthepaper.

2. ReLATeD WoRK

Inthelastdecade,thecloud-basedTele-monitoringtechnologyhasbeenincreasedforautomation
ofhealthcaresystemanditsinfluencesontheactivitiesofhealthcareprofessionals,patients,andthe
healthcareindustry.Similartechnologieshavebeenusedintheautomationofhealthcaresystemin
variousworks.Theboomingusesofcloud-basedhealthcareandbiomedicinearealreadyreported(Lin
etal,2013;Linetal,2014;Ekanayakeetal,2011;Ahujaetal.2012).Apartacademicresearchers,
severalrenownedworld-classsoftwarecompanieslikeMicrosoftHealthVault(Calabrese&Cannataro,
2015)haveinvestedheavilyinthecloud.

Arankiet.al(2016)conductedaTelemonitoringsystembasedonaSmartphonetocollectthe
estimatesofEEdatacontinuously.Afterperformingthedataanalysisofdailycollectedself-reported
essentialsignsandcardiovascularsymptoms,itgivesalertstothemedicalstaff.Inthesuburbof
Chinawith1.1millionpopulations,acloud-basedHER(electronichealthrecord)systemhasbeen
executed[Linetal,2014].Inthisapproach,thecareprovisionforViDs(villagedoctors)inrural
Chinagotimprovedandthecompetenceofthehealthcaresystemtomonitorthehealthconditionof
thepopulationhasalsoincreased.Usingwebservicesandcloudcomputing,amonitoringsystemfor
aremotepatientisdeveloped(Mohammedetal,2014),particularlythroughanAndroidapplication,
designedforthemonitoringandanalysisofECGdata.AnautonomicCloudenvironmenthasbeen
proposedinPandeyetal(2012)whichcollectedpeople’shealthdataandstoredtheminaCloud-
basedinformationwarehouseandfacilitatesanalysisofthedatausingsoftwareserviceshostedin
theCloud.AnexpertdiagnosissystembasedoncloudcomputinghasbeenreportedinTseng,&
Wu.(2014)whichclassifiedone’sfitnesslevelaspersupervisedmachinelearningmethods.This
systemiscompetenttostudyandcustomizeddiagnosesaccordingtotheuser’sphysiologicaldata.
Mouleeswaranandcolleagueshasbeenproposedtosecureopencloudarchitecture(OpenCloud
Care)forremotepatienthealthmonitoring(Mouleeswaranetal,2012).InChowetal(2009),the
useofoneofthemostreliablecomputingandappliedcryptographictechniquestosafedatainthe
Cloudhasbeendescribed.InDeyetal(2017),authorsreportedanoptimaldatasecuritymethodto
implantafurtivemessageintotheopencontent.Severalmethodshavebeenreported(Wang,etal.
2016;Lijietal,2016)forprotectionsecretpatientinformationandtogiveauthenticationdataof
examinationstaffandequipment.Apoint-of-caretelemetricsensortechnique(Ibaidaetal,2013)has
beenimplementedforprovidessteganoECG.Thissystemisdiagnosableforeveryreadertoaccess
individualdataneedsauthorization.However,noneofthereviewedstudiesperformedtheCloud-
basedtelemonitoringwithmyocardialinfarction(MI)diseaseclassification,ECGsignalwatermarked
andcompressiontogether.

Todate,thisthefirststudyoncloud-basedhealthcareautomationsystem,where:

1. ECGsignaliswatermarkedandcompressedbeforeuploadedtothecloudtoauthenticateany
attacksandtransmittingfaster;

2. ExtractsfeaturefromECGsignalandclassifythesignalforMIdetectionbeforetransmittedtothe
cloudtoassistfirst-aidpersonalforpreliminaryanalysisdecisionandpatientcareimmediately;

3. Thesystemhasalsobeendecompressedthedownloadedsignalfromdoctor’send,analysisthe
signalandsendbackadecisionandprescriptiontothefirst-aidprofessionalthroughthecloud.
Thefirst-aidprofessionalnotifiestothepatientsaccordingly.
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Inthissystemfirst-aidprofessionalmaybeconsideredaslearnerwhereasspecialistDoctors
betheteacher.Moreover,as thewholesystemiscloudbasedsoitmaybecomparedasaweb
basedtechnology.

3. PRoPoSeD HeALTHCARe AUToMATIoN FRAMeWoRK

Thissection,architecturaldesignaspectofaCloud-basedTelemonitoringtechniqueisdescribed.
Thisentiresystemtakesplacebetweenapatientandadoctorviaaprimaryhealthcarecenter,which
connectsthetwowiththehelpofcloud.Theprocessingstepsfollowedfortheproperfunctioningof
proposedECGmonitoringandanalysissystemarewatermark,compression,decompression,feature
extractionandclassification.WatermarkedcompressedECGsignalstoredinthecloudwaitingtobe
monitored,retrievedandreviewedinworldwide.

3.1. Architectural Design Aspects
AnillustrationoftheinfrastructureandarchitecturalmodelforHealthcareAutomationsystemis
showninFigure1.

Theoverallfunctionalityofcloud-basedHealthcareAutomationsysteminvolvesthefollowingsteps:

1. Thepatientgoestothehealthcenterorhospitalandregistersasanewpatient.Then,heundergoes
an ECG test via portable ECG machine, sent to the desktop via Bluetooth technology and
consequentlydigitizedECGsignalshowninFigure2isgenerated;

2. ThesoftwarethenembedsawatermarkandcompressedtheECG(discussedinsection3.3).The
watermarkedandcompressedECGsignalthenstoredinthepatient’sfolderinthehealthcenter’s
DROPBOX(Cloud)accountforhigh-qualityhealthmonitoringinthefuture;

Figure 1. System architecture for new patient’s of the rural health care system
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3. Ontheotherhand,thefeatureextractionsoftware(discussedinsec3.4)inthesystemisexecuted
forautomaticdetectionandidentificationofcrucialcharacteristicfeaturesfromtherecordedECG
signalandmedicallysignificantintervalanddurationwithinaveryshortperiodisalsodetermined;

4. Theclassificationsoftwarethen(discussedinsec3.5)usedfordetectionofmyocardialinfarction
(MI)diseasesovertheextractedclinicallysignificantcharacteristicofECGsignal;

5. IftheclassificationdecisionisMI,thenuploadedcompressedECGfileshareswiththerespective
Cardiologist.TheCardiologistgetsanotificationmailandamessageonhisphoneinstantly;

6. Thecardiologistimmediatelyopenedthissystemandclickonthe“Downloadfromcloud”button
togotothefile.Then,thecardiologistcanvisualizethefilesharedbythefirst-aidpersonaland
clickonthe“Opendownloadfile”buttontoviewit(showninFigure3);

7. ThecardiologistanalysesthedownloadeddecompressedsignalshowninFigure3andwrites
theprescriptionforthepatientinthecommentsectionofthecloud.Thefirst-aidpersonalis
immediatelynotifiedofthecardiologist’scommentandattendtothepatientneedsaccordingly;

8. Thefirst-aidprofessionalcanreplytothecardiologist’scommentbyclickingonthe“reply”
linkinthecommentsectionshowninFigure4.Once,thefirst-aidpersonalcommentsonit,the
cardiologistgetsnotifiedinstantlybothviamailandmessage.Thecardiologistcanthenclick
onthenotificationandreplyaccordingly;

9. Ifthepatientisanoldpatient,thesoftwarethendecompresseshisoldrecordsfromthecloud;
theCardiologistthencomparestheoldrecordwiththenewreportandprescribestheneeded
medicationandanalysisreporttothefirst-aidprofessional.

Thus,thisprocedurecontinuesuntilthepatientisdiagnosedforthetimebeing.Whenthepatient
againcomestothehealthcarecenterhispreviousrecordsareagaincollectedinthemannermentioned
aboveandshareswiththecardiologist.Theproposedsystemdecompressedthepreviousrecordsand

Figure 2. Recorded and filtered ECG signal on patient’s end
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Figure 3. Downloaded decompressed signal on doctor’s end

Figure 4. Screenshot of the first-aid personal and doctor’s comments
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uploadstheminthefoldertobecomparedwiththepatient’spresentstatus.TheCardiologistgets
notifiedandhechecksboththerecordsandcommentsagain.

3.2. Data Analytics
ThearchitectureasshowninFigure5explainshowthedoctoranalyticsboththepatient’sdecompressed
oldrecordsandthenewrecordsassharedbythefirst-aidprofessionalinthedoctor’sDropboxaccount.
Thedoctorisfirstnotifiedofthepatient’sfolder.Theoverallfunctionalityofdataanalyticssystem
involvesthefollowingsteps:

1. Thesoftwaredecompressedpatient’soldrecordsfromthecloud;
2. TheCardiologistisfirstnotifiedofthepatient’sfolder.Hethenanalyticstheoldrecordwiththe

newrecordandthensuggestpropermedicationforthepatient;
3. Thediagnosisreportthatthecardiologistmakesisuploadedtothecloud;
4. Thefirst-aidprofessionalthenviewitandmeetsthemedicalneedsofthepatients.

3.3. eCG Watermarked and Compression
Inthispaper,diagnosisreportiswatermarkedwithpatientinformationusingLSBwatermarktechnique
andcompressedthehugeamountofdatausingASCIIcharacterencodinginordertoconfirmthe
patientintegrityandreducedthebandwidth.Thebasicideaofthewatermarkingandcompression
techniqueisdescribedinourpreviouspublishedpaper(Halderetal,2016;Halderetal,2018;Halder
&Mitra,2015;Halder&Mitra,2014b;Halderetal,2014c;Halderetal,2014a).

3.4. Feature extraction
Inthispaper,DifferentialhistogramapproachdependsonanAdaptivewindowhasbeenusedfortake
outingallpathological features fromECGsignalswhichmayfurtherbeused to identify thecardiac
difficulty.Thebasicideaofthistechniqueisdescribedinourpreviouspublishedpaper(Halderetal,2016;
Halderetal,2018).TheobtaineddifferentialhistogramofanECGsignalisshowninFigure6.Theentire
clinicallysignificantfeatureextractedbythistechniqueisshowninFigure7.Thetimedurationanddifferent
amplitudeofcharacteristicpointshavebeencomputedandtabulatedinTable1.Theperformanceofthe
HistogrambasedECGdetectorisfoundsatisfactorywith99.52%averageaccuracyoftheQRSdetector.

3.5. Development of Basic Knowledge and MI Detection System
Wehavealsoemphasizedontheanalysisandclassificationofcardiacdisease.Therule-basedrough
setclassifierisdevelopedusingRSEStool(Bazan&Szczuka,2005;Øhrn,2000)formyocardial

Figure 5. Analytics workflow architecture
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Figure 6. Detection of P peak, R peak and T peak region of an ECG signal by differential histogram

Figure 7. Recognition of pathological features of an ECG signal by histogram method
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infarction(MI)diseasedetection.Forthispurpose,aknowledgebaseshowninTable2isexpanded
fromthederivedfeaturesofECGsignalafterthefeedbackfromreputedcardiologistsandconsultation
ofdifferentmedicalbooks(Schamroth,2009;Goldberger,2002)aswell.Wehaveselected7times
planefeatures(attributes)showninTable3fordiseasedetection.Basedonthedifferentpathological
featuresordifferentvaluesofattributingthedecisionofthesamplemaybeeitherMIornon-MIdata.

Inthisresearch,wehaveconsideredtwotypesofMI:Anterior(AN)andInferior(IN).When
infarctionornecrosishappensintheInferior walloftheheartthenitisclassifiedasInferior infarction
anditisdiagnosedfromECGleadII,IIIandaVF.Similarly,infarctioninAnterior wallshowthe
signatureofAnterior infarctionanddiagnosedleadsareV2,V3andV4.Thepathologicalfeatures
suchasinvertedTwave,elevatedSTsegmentorpathologicalQwaveshowninTable2isinvestigative
ofMI.ThesesetsofpathologicalfeaturesareusedasaninformationsystemshowninTable4for
classification.Inaninformationsystem,someconditionalattributesmayberedundantandcanbe
eliminatedwithoutlosingessentialinformation.RulebasedRoughsetclassifier(Halderetal,2019)
allowsustodetermineadegreeofattributesdependencyandtheirimportancetofindasmallerset
ofattributes,calledminimalreduct,withthesameastheoriginalsetandforecastedtheuniversal
decisionrulestoidentifyMI.

LetA=(U,A)beaninformationsystemandletX(Decisionalattribute)andY(conditional
attribute)besubsetsofAandZbesubsetofU.Decisionalattribute (X) isdepends totallyon
conditionalattribute(Y),denotedY⇒ X,ifallthedecisionalattribute(X)areuniquelydetermined
bythevalueofconditionalattributeY.Degree of dependencyofattributeXonattributeY,denoted
Y X

p
 ⇒ isdefinedby:

Table 1. Pathological features of ECG signal

File Name Lead 
No.

HR QRS 
Duration

R 
Height

P 
Duration

P 
Height

T 
Height

PR 
Interval

QT 
Interval

ST 
Segment QTc

bps ms mv ms mv mv ms ms ms ms

MO1_125 V6 72 95 1.0863 88 0.05 0.26 113 388 122 434

MA1_004 I 72 104 0.5399 75 0.03 0.13 111 389 116 416

MA1_004 II 72 106 0.8412 115 0.05 0.16 144 387 114 407

MA1_125 1 78 106 0.4298 106 0.07 0.18 119 404 31 434

MO1_099 I 60 92 0.5759 96 0.06 0.36 126 384 121 382

MO1_099 II 60 94 0.4987 102 0.07 0.34 137 386 120 390

MO1_008 V6 60 94 1.3136 87 0.05 0.21 130 408 143 403

MO1_043 I 60 97 0.46 102 0.05 0.21 112 408 141 416

MO1_043 II 60 92 0.86 96 0.00 0.09 145 410 157 418

MO1_043 aVF 60 89 0.66 90 0.00 0.03 153 418 219 426

Table 2. A knowledgebase for cardiac diseases

Localization 
Wall

Elevated ST 
Segment

Depressed ST 
Segment

Inverted T 
Wave Upright T Wave Pathologic Q Wave

AnteriorMI V2,V3,V4 II,III,VF V2,V3,V4 II,III,VF V2,V3,V4

InferiorMI II,III,VF I,VL II,III,VF I,VL II,III,VF



International Journal of Web-Based Learning and Teaching Technologies
Volume 15 • Issue 2 • April-June 2020

55

P Y X
POS X

U

Y= ( ) =� , �γ  (1)

where:

Positiveregion POS X Y Z
Y

X U X

� �� �
� /

( ) = ( )
∈
∪  (2)

IfP=1,XtotallydependsonY,if0<P<1,XpartiallydependsonYandifP=0,Xdoesnot
dependsonY.SoDegreeofdependency(P=1)meansthesetiscrispwithrespecttoconditional
attributes(Y),otherwisesetisrough.

Table 3. Description of the attributes in the MI database

SL No. Attributes Name Attribute Feature

1 STsegment Elevated,Depressed,ISOelectric

2 TWave Inverted,Upward

3 QPathologic Yes,No

4 HR(bpm) Normal,Abnormal

5 QRSwidth(sec) Normal,Abnormal

6 Rheight(mv) Normal,Abnormal

7 QTc(sec) Normal,Abnormal

Table 4. A portion of the decision table, here N: normal, AN: Anterior, IN: Inferior
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Theblockdiagramofproposedclassificationmethod fordetectionofMI fromECGsignal
is shown inFigure8which includesofpreprocessing, feature extraction andclassification.The
preprocessingincludesfilteringsuchaspowerlineinterferenceandbaselinewanderingbyFIRand
medianfilter(Halderetal,2016).

Therobustnessoftheproposedsystemisjustifiedbythe‘train-and-test’validationtechnique
usingRoughsetExplorersystem(RSES)showninFigure9.Theknowledgeisextractedfromthe
training tableand thenperformances (accuracy, sensitivity, andspecificity)areevaluatedby the
testingtable.Theperformancemeasuresaredefinedasfollows(Hanetal,2006;Jageretal,1992):

Figure 8. Block diagram of MI detection method

Figure 9. Confusion matrix for MI detection
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Accuracy
TP TN

TP FN FP TN
=

+
+ + +

 (3)

Sensitivity
TP

TP FN
=

+
 (4)

Specificity
TN

TN FP
=

+
 (5)

wherenumberoftruepositives,falsepositives,truenegativesandfalsenegativesforaclassifierare
markedbytheTP,FP,TNandFNrespectively.

Finally, theperformancemeasuregivenby the averagevaluesof specificity, sensitivity and
accuracycomparestheexistingmethodsandourexperimentalevaluationyieldedhighestclassification
performanceof99.27%accuracy,99.59%sensitivityand98.4%specificityshowninTable5.

Intheproposedsystemweconsideredtheinverseproblemincardiologyintermoflocalizing
ofMIregionfromremotevoltagemeasurementsandwethinkthatoursystemmayinvestigatethe
localizationofMIregionsuccessfully.

3.5.1. Classifier Quality
Thissectionpresentsthequalityoftheclassifiergeneratedbydecisionsystempresentedinthepaper.
Theefficiencyofourclassifierisreportedbycomparingtheclassificationaccuracyofthepresented
systemwiththedifferentstudies.Forbettercomparison,wepresenttheseresultinTable6.

Banerjee et al. (2014)had reported crosswavelet transform (XWT) techniquebasedon the
spectraldifferencesandclinicalfeaturessuchasSTelevation,TinversionandQwaveoftheECG
signalsandreached97.6%classificationaccuracy.Sharmaet.al.(2015)usedmultiscaleenergyand
eigenspace (MEES)andSVMclassifierwithRBFkernel forMIdetectionandLocalizationand
got96%classificationaccuracy.Inamorerecentpaper(Seenivasagametal,2016)comparedthe
performanceoffeed-forwardneuralnetwork(FFNN),CCNN,andSVMwithRBFkernelfunctionfor
MIpredictionandgot89.6%accuracy.Inthesameyear,Hamidiet.al(2016b)appliedNaiveBayes
classifierandECGfeaturessuchasSTelevationanddepression,andTwaveinversiontodetectMI
eventsandachieved96.5%classificationaccuracy.ThesamegroupappliedGeneticalgorithmand

Table 5. Classification result obtained from rough set decision system

Classifiers

No. of 
Training 
Datasets

No. of 
Testing 

Datasets
Detected Datasets

Sensitivity 
(%)

Accuracy 
(%)

Specificity 
(%)

MI NON 
MI MI Non 

MI
TP TN FP FN

Roughset
(Dataset1) 211 99 186 69 186 68 0 1 99.46 99.6 100

Roughset
(Datase2) 240 99 175 69 175 68 0 1 99.43 99.6 100

Roughset
(Dataset3) 259 119 138 49 135 49 3 0 100 98.4 94.22

Averageresult: 496 185 3 2 99.59 99.27 98.4
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SVMtothesameproblemin(2016a)andachieved97.7%classificationaccuracy.Finally,themethod
inAcharyaetal(2017),K-NearestNeighbour(KNN)classifierusedtoachieveclassificationresults
of98.5%accuracyand98.5%specificitywhicharelessofourproposedmethod.Henceroughset
classificationsystemhasperformedwellinthedomainofcardiovasculardiseases(CVD)whichyields
highestclassificationperformanceof99.27%accuracy,99.59%sensitivityand98.4%specificity.

3.6. Synchronizing the Cardiologist’s Phone Number 
With e-Mail Account Using IFTTT
Afreeweb-basedservicecalledIFTTT(Ifthisthenthat)isusedtoconnectthecardiologists’email
accountswiththeirmobilephonessothateverytimethecardiologistgetsaDropboxnotificationin
hismailhegetsamessageregardingthenotificationinstantly.Togetthisservicethecardiologist
hastoopenanaccountonIFTTT’swebsiteshowninFigure10.

Thecardiologistthenclicksonthesign-upoptionifheisanewuser;elseheclicksonthesign-in
option.Then,hefillstheaskeddetailsandclicksonthe“Createaccount”option.Theuserthenopens
thewebsiteandclicksontheSignInoption.Theuserhastochoosethetypeoffunctionhewants
todo.Hence,herehechooses“anynewemailininbox”and“SMS”option.Afterclickingonthe
“Connect”option,weareredirectedtoapagewhereweinputourphonenumberandgetapin.After
givingournumberandclickingon“SendPIN”optionwegetapinwhichhelpsustoconnectour
mobilephoneswithit.Afterinsertingthepinweclickonthe“Connect”optionforSMSconnection.
Finally,weclickedon“CreateRecipe”optionandmailidisconnectedtoourmobilephonesandwe
wouldgetamessageforeachDropboxnotification.

Table 6. Performance comparison for MI detection by different studies

Authors Methods
ECG Features Performances

ST Segment T Wave Q Wave Others Accuracy 
[%]

Sensitivity 
[%]

Specificity 
[%]

Baxtetal,
(2002) NN Elevation,

Depression
Inversion,
Hypercute Yes - 98.2 94.5 95.9

Arifetal,
2010 BPNN.PCA deviation amplitude Yes 93.7 97.5 99.1

Sunetal,
(2012) LTMIL shape,width,

height - - - 90 91 85

Chitraetal,
(2013)

FuzzyC
Means

Elevation,
Depression - -

MaxHR
during
exercise

92 91.5 92.1

Banerjeeetal,
(2014) CrossWT Elevation, Inversion Yes,No 97.6 97.3 98.8

Sharmaetal,
(2015) MEES Elevation Inversion,

Hypercute Yes - 96 93 99

Seenivasagam
etal,(2016)

CCNN,
FFNN,SVM

Elevation,
Depression - -

MaxHR
during
exercise

89.6 90.1 89.0

Hamidietal,
(2016a) NaiveBayes Elevation,

Depression Inversion - PoorR
progression 96.5 95.6 97.7

Hamidietal,
(2016b)

Geneticand
SVM

Elevation,
Depression Inversion - PoorR

progression 97.7 96.3 99.5

Acharyaetal,
(2017) KNN DCTcoefficients,DWTcoefficientsandIMFsofEMD 98.5 99.7 98.5

Proposed
(2018)

Roughset,
RESE

Elevation
Depression,ISO Inversion Yes,No HR,QRS

width,QTc 99.27 99.59 98.4
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4. CoNCLUSIoN

The Healthcare automation system by using cloud-based Telemonitoring technique is a rising
healthcare service to offer quality patient care that may potentially transform the healthcare
industryintermsofgettingbetterentrancetopatientinformation.Inthiswork,wepresentedthe
ruralhealthcareTelemonitoringsystemformyocardialinfarctiondiseaseclassification.ForMI
classification,multi-dimensionaldatasetwhichcontainsmultipleobjectsandmultipleattributesis
used.Eachattributecontainsmultipleattributevalue.Duetothecomplexityandhighdimensionality
ofthisdataset,itwasaverydifficulttasktoaccuratelyclassifyofMIandNon-MI.Averygood
classificationaccuracyandsensitivityshowedthatproposedclassificationsystemcanbetrained
todetectMIwhichwill help tomore accurate earlydiagnosisofMI.Moreover, theproposed
method is simplercompared toexistentmethods forMIclassification.A first-aidprofessional
maybeabletodiagnosedisease,prescribemedications,accesspatient’sinformation,storeditand
analyzedittomonitorandtrackthepatientstoavoidpreventabledeath.Healthcaredataarefirst
watermarkedandcompressedpriortosendtothecloudforsafeandsecure.Theproposedsystem
hasbeendevelopedwith thehelpofMATLAB,DROPBOXandIFTTTestablishaworldwide
connectandmeetsthemedicalneedsofallpeople,includingthemwholiveinthemostremote
areasofacountry.CloudhelpstousetheInternetasautilityandthusallthestorageandexchange
ofdataproblemsaresolved.

Theproposedsystemmayfacilitatebettercarewithareductionincostsandalsominimizes
directpatient-cardiologist interaction. Itdecreaseshealthcaredata storageplaceand reduces
bandwidth for data transmission which brings everywhere access to quality care. Dropbox
providessecuritytotheexchangeofdatabetweenthecardiologistandthehealthcenter.Because
ofthescalabilityfeatureofCloud,wehavetopayforonlytheamountofspacethatweuse.
Eachpatienthasaseparatefolderwithauniqueid,makingthemanagingofdataeasy.Ithasa
worldwideconnect.Thus,acardiologistsittinginanycorneroftheworldcanhelphispatients
eveninremoteareas,withoutbeingpresenttherephysically,withthehelpofhisDropboxaccount
andinternet-connecteddevices.

Thus,theproposedsystemmaybepreferredbecauseithelpstosavetimeandcost,andstores
datasecurelyinareducedformaslongasdesired.Itmayalsobehelpfulinmakingdecisionsinthe
earlystagereferringtothetreatmentofMIpatientstosavelifeandcanalsoreducetheworkload

Figure 10. Screenshot of IFTTT ‘s website
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ofcardiacspecialistsdrastically.Innearfuture,theproposedsystemmaybeappliedforInternetof
Things(IoT)-drivenECGmonitoringtosecureandhigh-qualityhealthcareservice.

In futurework,weaim toenhance theperformanceandconsistencyofourproposed
workbyapplyingdeeplearningtechniqueandthedetectionofCADandCHFinaddition
totheMI.WewillalsoinvestigatetheperformanceofthismethodinlocalizingofMIfrom
clinicalmeasurements.
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