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ABSTRACT

Diabetesisalethaldiseaseintheworldnowadaysasweallknow.Oneoutof

elevenadultsarenowvictim ofthisdiseaseasperWHO.Thecommontwo

typesofdiabetesareType-1andType-2diabetes.It’samustforadiabetes

patienttomaintainthebloodglucoselevel.Itdoesnotmeanthatthepatient

mustnotconsumeanykindofsugar.Humanbodyneedsglucosetowork.

That’swhyawell-planneddietisrequiredtocontrolthedisease.Herecomes

twotermsrelatedtobloodglucoselevel;HyperglycemiaandHypoglycemia.

HyperglycemiameanchronicallyhighbloodglucoselevelsandHypoglycemia

isthevice-versaofHyperglycemia.HyperglycemiacancauseStroke,Heart

attackorCongestiveHeartFailure,KidneydiseaseorevenNervedamage

whereasHypoglycemiacancauseUnconsciousness,Severeconfusionand

disorientation,SeizuresorevenDeath.Asthereisnocureforthisdisease,

constantmonitoringofthebloodglucoselevelhasbecomethemosteffective

solutionforthisdisease.Buttheinvasivemethodtomeasurebloodglucose

levelmightcauseinfectionanditspainfultoo.That’swhynon-invasivemethod

hasbecomethemostreliabletechniquetomeasurebloodglucoselevelandfor

constantmonitoringofthepatient.
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CHAPTER1

Introduction

1.1Introduction

Diabetesisonekindofdiseaseofthepancreaswhichisresponsiblefor

producingahormonecalledinsulin.Diabeteshappenswhenthepancreas

glandisnolongerabletoproduceinsulinorthebodycan'tproperlyutilizethe

insulindeliveredbypancreasresultinginthehighlevelofbloodglucoseinthe

bloodstream.Howeverthehumanbodyneedssomeglucoseasitprovides

thenecessaryenergyforthebodytowork.Theprevalenceofdiabeteswas

about8%in2011,whichmostlikelytoriseto10%by2030.Thealarmingnews

is80%ofdiabetesaffectedpeoplearefrom lowincomeormiddleincome

countries.InBangladeshabout10%,inChina9%andinIndia8%ofthe

populationareaffectedbythedisease[1].Deathsoccurringfrom Diabetes

mellitusinBangladeshhasreached40,142,whichisnearly5.09%oftotal

deathsaccordingtoWHO[2].Asthestatisticsshow,Diabetesisakeyreason

fordeathinBangladeshinrecentyears.Astatisticsshowsthattheprevalence

ofdiabetesinBangladeshhasincreased,from4%in1995to2000and5%in

2001to2005and9%from2006to2010.Suchratewillriseupto13%by2030

accordingtoInternationalDiabetesFederation[1,3].Onealarmingfactisthat

thediabetesaffectedinfantsandagedpeoplearelesscautiousabouttheir

conditionthantheadultsandmiddleagedpeople.Supposedly,middleaged

peoplearemorecautiousabouttheirconditionanditisseenthattheyare

capableofunderstandingtheirmedicalconditionsbetterthantheagedpeople

andtheyoungerones.Non-invasivemethodforbloodglucosemonitoringis

becomingmoreofinteresttoresearchersasithasbecomeamustfor

constantmonitoringofglucoselevelinblood.



©DaffodilInternationalUniversity 2

1.2Motivation

DiabetespatientsinBangladeshareincreasingdaybyday.Eveniftheadults

arecautiousaboutmaintainingtheirbloodglucoselevel,thechildrenandthe

oldpeoplearenot.Sometimestheadultsarealsonotthatcautious.So

monitoringthepatient’sbloodglucoselevelbyanotherpersonmakessurethat

thepatientgetsimmediateattentionifanyemergencysituationarrives.This

system allowsthepatientandtheobservertobewarnedabouttheirhealth

whentheconditioniscritical.Inthiswaythepatientcanavoidanyunexpected

sicknessduetoHyperglycemiaorHypoglycemia.

1.3RationaleoftheStudy

AdesignhasbeenpresentedtomonitorbloodglucoselevelusingNearInfrared

(NIR)lightsourcewhichisof940nmwavelength[4-7]inthisproject.Intensity

oflightpassedthroughthefingerisusedtocalculatebloodglucoselevel.Arm,

fingerandearlobe;thesethreedifferentprobeswereusedtocalculatetheblood

glucoseusing940nm NIRLED.Butfingertipsaremorepreferablethanthe

other two probes.The data obtained from the sensor through the

microcontrollersubsequentlyissenttoawebserverandalsotoanobserver

(anyrelative/someonetakingcareofthepatient)ifthelevelofglucosein

bloodstreamistoolowortoohigh.Thatwayapersoncanalwaysbeawareof

anyseriousconditionifsuchconditiondoesarrive.Howevertodeterminethe

exactlevelofinsulinrequired,thesugarlevelinbloodstream needstobe

determinedbyaninvasivemethod.

1.4ResearchQuestions

Fromthetimeofdiscoveryofdiabetesin1889byJosephvonMeringand

OskarMinkowski,theonlywayofmeasuringbloodglucoselevelwasthe

traditionalinvasivemethod.Evennowmostofthediagnosticcenteruses

invasivetechniquetomeasurebloodglucoselevelinthebloodstream.Asit

seemstheinvasivemethodisnotsuitableforconstantbloodglucose

measuringhencemonitoring.
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That’swhynon-invasivemethodhasbecomethemostpopularmethod

amongtheresearchersforconstantbloodglucosemonitoring.Thenon-

invasivemethodoffersalotthanthetraditionalinvasivemethodofblood

glucosemonitoring.

Somekeyreasonsforusingnon-invasivemethod,

• Nopainduringtheprocedure

• Norisksofinfection

• Allowstomonitorglucoselevelinbloodinrealtime

• Mostsuitable method forconstantmonitoring ofblood glucose

monitoring

1.5ExpectedOutput

Thegoalofoursystemistomonitorapatient’sbloodglucoselevelinrealtime

bynon-invasivetechnique.Astheinvasivemethodinvolvespainandriskof

infection,non-invasivemethodforbloodglucosemeasuringseemstobethe

onlywayforconstantmonitoringofthepatient.Inthiswaythepatientandthe

observerwillbereadyeverytimeifanyunpleasantsituationcomesupandwill

beabletotakeactionsaccordingly.

1.6ReportLayout

Thisreportcontainsfivechapterinwhichwedescribedallnecessarythingsof

ourproject.Thissectionconsistsofpreviewofallthechapters.

1.Chapteroneconsistsofintroduction,motivationandexpectedoutcome

ofourstudy.

2.Inchaptertwotherelatedresearchworkisdiscussed.Thischapteralso

providesproblemscopesoftheresearch.

3.Chapterthreeconsistsofrequirementsoftheproposedsystem,system
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architectureandsystemflowdiagram.

4.Chapterfourofthisreportdescribesourproposedsystem design,

implementationandtesting.

5.Lastlyinchapterfivewediscussedaboutconclusion,limitations,

comparisonandfuturestudy.

CHAPTER2

Background

2.1Introduction

Inthecontextof21stcentury,Diabetesisoneofthemostlethaldiseasesfrom

whichmillionsofpeopleofdifferentagelevelsaresuffering.Itisimperativefor

adiabetespatienttomaintainthebloodglucoselevelallthetimeasthereisno

stablesolutionforthisdisease.However,theinfantsandtheelderly,suffering

from diabetesmightnothavethenotionofmaintainingthelevelofsugarin

theirblood.Soconstantmonitoringofthepatienthasbecomethemostfeasible

‘solution’.Butthetraditionalmethodformeasuringbloodglucoselevelisnota

viableoptionforconstantbloodglucosemonitoring.Evenifthisinvasive

methodismoreaccurate,itispainfulandalsothereisariskofinfection,

althoughminimal.Thatiswhythenon-invasivemethodseemstobea

reasonableoptionforongoingmonitoringofbloodglucose.Forconstant

remotecollectionandmonitoringofthedataobtainedfromthediabetespatient,

anIoTbasednon-invasivemonitoringsystem hasbeenproposedinthis

researchthatcanbeagreataidbesidestheinvasivemethodforconstant

monitoringpurposes.

2.2RelatedWorks

Throughliteraturereview,someworksbasedontheabovementionedmethod
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havebeenidentified.Inthoseresearchworks,themainobjectivehasbeento

measuretheglucoselevelandtheproperinsulindose.Thewidelyusedmethod

tocalculateglucoselevelinbloodisaninvasivetechniquethatispainful,high-

pricedandthreatinspreadinginfectiousdiseases.Overalongperiodoftime,

theinvasivetechniqueconsequencesindamageoffingertissues.Asan

alternative,thenoninvasiveapproachmaybeusedwhichhelpsfrequent

checkingout,relievesacheanddiscomfortcausedbycommonfingerpricks[4,

8-15].R.A.BudaandM.Mohd.Addietal.[8]hasproposedasystem,intheir

research work,where they have developed non-invasive blood glucose

monitoringdevicetoobserveglucoseconcentrationinblood,toshow the

glucoselevelandtheproperinsulindose,resemblingthebodymassindex(BMI)

oftheuser.Theyshowed4%-16%accuracyinglucosedetection.M.A.Aizat

Rahmatetal.[9]proposed IoT based non-invasive glucose monitoring

techniquewheretheyputfingertipintoNearInfrared(NIR)LEDtocalculate

bloodglucoseandtheglucoseconcentrationoftheblood.Theydisplayed

glucosereadingonLCDdisplayandshowedittothefamilyandthedoctorvia

SMSandAndroidApplicationformonitoringpatientsremotely.Accordingto

them,atleast88.89%accurateresultsaregivenbythedevelopedmethod.

Basedon7assessmentstheworkhadaverage7.20%percentageerrorof

glucosereadingincomparisontotheirproposedmethodwithinvasivemethod.

2.3ResearchSummary

Inthisstudy,wetriedtoidentifythemainproblemsrelatedtodiabetesanda

systemwhichoffersafeasiblesolutiontoit.Wefoundout,mostofthepatient

affectedbydiabetesinBangladesharenotasconcernedaboutthediseaseas

theyshouldbewhichsometimescausesanunexpectedandsuddenillness

relatedtothedisease.That’swhyweproposedamonitoringsystem forthe

patient.ThesystemusesMicrocontroller(ArduinoUno),GPSmoduleandblood

glucosemeasuringsensors(FGA10andNIR).Aftermeasuringtheblood
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glucoseinrealtime,thedataissenttotheserver.Thenifanycriticalcondition

arrives,anobserverofthepatientandalsothepatientalsogetsanotificationof

theconditionandsuggesttotakeimmediateactionasrequired.

2.4ScopeoftheProblem

Ourstudymainlyfocusesonmeasuringbloodglucoseandmonitoringofthe

patient.Sothatwheneverthebloodglucoseleveliscritical(highorlow),the

patientcantakenecessarymedicationsintime.

Onelessthingtoworryabout

Thisstudy’soneofthecoreexpectedoutcomeistomakethepatientworry

less.Whenthepatientknowsthatthelevelofglucoseinhis/herblood

streamisbeingmonitored,he/shewillbelessworriedallthetime.

Lesschanceofinfection

Thetraditionalinvasivemethodforbloodglucosemeasuringhasagreater

chanceofinfection.Wherenon-invasivetechniquedoesnotinvolvesany

sideeffectsatall.

Nopain

Invasivemethodforbloodglucosemeasuringinvolvesneedle.Sothereis

painnomatterwhatthediagnosticscentertellsyou.Butasnon-invasive

methoddoesnotinvolvesanykindofneedle,thepatientdoesnotfeelany

kindofpain.

2.5Challenges

Workingwithsensitivesensors

Asallthesensorswerereallysensitivetoworkwith,itwasreallyhardto
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determinetheoutput.Intheprocesswemadesomeseriousdamagetosomeof

thesensors.Sometimestheoutputsweretooconfusingforustodealwith.

Workingwithnewsensors

Thesensors(FGA10andNIR)usedtomeasurediabeteswerenewtous.Aswe

didnothavetheproperdatasheetofanyofthesensors,itwasreallyhardforus

touseappropriateresistor.Wedidnothaveanyguidelinesorhelpfromvarious

IoTexpertsastheywerenotfamiliarwiththesensors.

Budget

Theoriginalsensorswerereallycostlyforustoworkwith.Butwetriedto

replacethemwiththebestnextsensorswecouldgetourhandson.Andthe

resultswerenotasbadasweexpected.Butthesensorsseemstogetdamaged

byalittlemissuseofthem.

CHAPTER3

RequirementsanalysisfortheProposedSystem

3.1Introduction

Requirementanalysisisconsistingofsomeapproachestakentoworkout

specificoptions,demands,expectationbycommunicationwiththesystem

users.Itneedscombinationofhardware,software.

3.2BlockDiagramofproposedwork

NoninvasiveglucosehavebeenmeasuredbyNearInfrared(NIR)Sensor.

NIRwith800-1700nm wavelengthissuitableformeasuringcontinuous

glucoselevel.NIRsensortransmitscontinuouswave;aphotodiodewith

1550nmwavelengthreceivesthesecontinuouswaves.Afternoisefiltering

andamplifying,thesewavesignalsareconvertedintoasuitablevoltage

valueandthemicrocontrollerconvertsthesevoltagevaluetoanequivalent

glucosevalue.ThisglucosevalueisdisplayedwithaLCDmonitor.The

MicrocontrolleralsosendsthisvaluetoaserverusingaGSMmodule(sim
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808).Observercanobservethisglucoselevelobtainedfromthepatientby

usingasmartphone.Andincriticalsituation,emergencySMSisalsosentto

anobserver.Figure3.1describestheblockdiagram ofmeasuringand

monitoringprocedures.

Figure3.1.Proposedblockdiagramofnon-invasivebloodglucosemonitoring

system

3.3Architectureofthesystem

Figure3.2showshowtheproposedsystemworksthroughadiabetespatient

andobserverofthispatient.Patient’sfingertipisplacedbetweentheglucose

measuring sensors that measure glucose value through the aid of

microcontroller.ThepatientcanseehisglucosereadingintheLCDdisplayand

observercanmonitorthepatient’sglucoseconditionthroughasmartphoneand

alsogetsnotifiedwithSMSwhenpatient’sglucoselevelreachesataworrying

level.
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Figure3.2:Proposedarchitectureoftheproposedsystem

3.4Flowchartofproposedsystem

Figure3.3illustratetheflow chartoftheproposedsystem.Firstly,NIR

sensorispoweredup.Nowtomeasurebloodglucose,patient’sfingerhasto

be placed between NIR sensorand photodiode sensor.NIR sensor

generatesopticalwavetophotodiodeandattenuatedlightwaveisthen

measuredandconvertedtosignalbyPhotodiodesensor.

InthesubsequentstepsnoisefrequencyofthesignalfromNIRisreduced

throughnoisefilteringprocedureandthesignalisamplifiedthrough

amplificationproceduretoexpandtheweaksignal.Aftertheconversionof

signalintoelectricalcurrentvalue,Arduinoconvertsthiscurrentvalueintoa

relativeglucosevalue.

Thisglucosevalueisthencomparedwithsomecondition,andaccordingto

conditionthederivedglucosevalueisdisplayedinLCDmonitorwith

categorizedlevelsuchasdangerouslylow,low,normal,highandveryhigh.

Observeralsocanseethiscategorizedglucoselevelandglucosevalue.

WhenglucoselevelisdangerouslyloworloworveryhighthenaSMSis

senttotheobservertotakecareofthepatient.Allglucosereadingisstored

inadatabasebeforeterminatingthesystem.
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Figure3.3:Flowchartofworkingprocedureoftheproposedsystem.

3.5Usecasediagram

Figure(3.4)showsusecasediagramofourdesignedsystem
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Figure3.4:UseCaseDiagramofproposedsystem.

3.6UseCaseDescription

ForMeasuringGlucoseValue

TABLE3.1:USECASEDESCRIPTION-MEASUREMENTOFGLUCOSEVALUE

UseCaseName Measuringglucosevalueofthepatient

Trigger Patientmustbetriggeredthesensorthroughfingerfor
gettingthevalue.

Pre-Condition Systemdevicesmustbepoweredon.

BasicPath Firstthesensorstransmitandreceivethesignalthrough
fingersandthemicrocontrollerwilltransferthese
voltagesignaltoanidenticalglucosevalue.

PostCondition Readingissentandstoredinserver.

ExceptionPath Probabilityofperishingthesensor.

ForGettingAlertfromSystem

TABLE3.2:USECASEDESCRIPTION-GETTINGALERTFROMSYSTEMTO

PATIENT
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UseCaseName
Gettingalertfromsystemtopatient

Trigger Whentheglucoseleveliscalculated.

Pre-Condition Displayabledevicesmustbelinkedupwithpatient.

BasicPath Microcontrollertransformsthevaluefromsignaland
sendsittodisplaytothepatient.

PostCondition Successfullydisplaysthevalue.

ExceptionPath Failstodisplay.

ForSendingGlucoseValuetoServer

TABLE3.3:USECASEDESCRIPTION-SENDINGVALUESTOSERVER

UseCaseName
Sendingvaluestoserver

Trigger Whentheglucoseleveliscalculated

Pre-Condition Systemdevicesmustbeconnectedwithinternet.

BasicPath Microcontrollertransfiguresthevaluefromsignaland
sendsittotheserver.

PostCondition Successfullystoresthevaluesonserver.

ExceptionPath Failstostore.

ForDisplayingRealTimeValuetoObserver

TABLE3.4:USECASEDESCRIPTION-DISPLAYINGREALTIMEVALUETO
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UseCaseName DisplayingrealtimevaluetoObserver

Trigger Whentheglucosevaluesisstoredonserver.

Pre-Condition Systemdevicesmustbeconnectedtotheserver.

BasicPath Serverstoresthevaluesandthenrealtimevalueis
fetchedupbydevicestoshow

PostCondition Successfullyshowstherealtimeglucosevalue.

ExceptionPath Failstoshow.

ForSendingSMStoObserver

TABLE3.5:USECASEDESCRIPTION-SENDINGSMSTOOBSERVER

UseCaseName

SendingSMStoObserver.

Trigger Whentheglucoselevelispredicted.

Pre-Condition SystemdevicesmusthavetheabilitytosendSMS.

BasicPath Microcontrollertransmutesthevaluefromsignal
andsendsitdirectlytotheObserver.

PostCondition SuccessfullysendstheSMS.

ExceptionPath FailstosendSMS.

3.7Equipment’sforProposedSystem
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 ESP12-EWi-FiIoTDevelopmentBoard

 0.3mmInGaAspinPhotodiodeSensor

 NearInfrared(NIR)Sensor

 Buzzer

 LCD

 GSMModule(Sim808v3.2)

 AndroidStudio

 ArduinoIDE

3.7.1ESP8266(ESP-12E)Wi-FiDevelopmentBoard

Itisalow-costWi-Fimodulebasedmicrocontrollerthatbuiltinoneboard

platform whichisexpansivetouseinIoT(InternetofThings)based

applications.TheboardispredicatesbytheextremelyinstyleESP8266

Wi-FiModulechipwiththeESP-12SMD footprint.Alltherequired

elementsfortheESP8266(ESP-12E)isalreadyembeddedbythisWi-Fi

developmentboardtoprogramandtransfercode.It'saintrinsicUSBto

serialchiptransfercodes,3.3Vregulatorandlogicleveldevicecircuit

thuswewillrightawaytransfercodesandconnectourcircuits.This

boardcontainstheESP-12Echipwitha4MBnonvolatilestoragethusno

worriesforlongprojectcodes.Thismicrocontrollerboardwillsimplybe

programmedmistreatmenttheArduinoIDEprogrammingpackage.

Infigure3.5,ESP-12EWi-FiDevelopmentBoard.Microcontroller,Wi-Fi
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module,flashchipandlogiclevelconverterareintegratedinasingle

board.

Figure3.5:ESP8266(ESP-12E)Wi-FiDevelopmentBoard

3.7.20.3mmInGaAspinPhotodiode800-1700nm

A photodiode isasemiconductorsensordevicethattransfigures light into

an electricalcurrent.Whenphotonsareabsorbedinthephotodiode,the

currentisgenerated.Photodiodescontain opticalfilters,built-inlenses,

andalsohavelargeorsmallsurfaceareas.0.3mmInGaAspinPhotodiode

(800-1700nm)hashighreliability,ultra-low darkcurrent,800-1700nm

spectralrange,0.3mmactivediameter.

Thissensorisusedinmedicalfield,securityfieldandindustrialautomatic

controlfieldandsoon.

Figure-3.6:Photodiode(0.3mmInGaAsphotodiode)
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3.7.3NearInfrared(NIR)sensor

Sensorswhichcancatchnear-infraredrays,electromagneticwavescloseto

visiblelightiscallednearinfraredsensor.Theprincipalofnearinfraredsensor

istodetectobjectsbyemittingnear-infraredraysandidentifyingtherateof

changecausedbythereflectionortransmissionoflight.Forourproject,Near

Infrared (NIR)sensor rangeis(800-1700nm

Figure3.7:NearInfrared(NIR)sensor

3.7.4Buzzer

Abuzzerorbeeperisanaudiosignalingdevice,whichmaybemechanical,

electromechanical,orpiezoelectric(shortlyknownaspiezo).Thebuzzer

informsthesituationbymakingasound.Therearemagneticbuzzersandpiezo

buzzersdependingonthestructurethatmakingasound.

Figure3.8:Buzzer
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3.7.5LiquidCrystalDisplay(LCD)

LiquidCrystalDisplay(shortlynamedasLCD)isanelectricdisplaymoduleand

findacomprehensiverangeofapplications.A16x2LCD isexceptionally

fundamentalmoduleandisregularlyutilizedindifferentdevicesandcircuits.

Thesemodulesarefavoredmorethansevenportionsandothermultisection

LEDs.A16x2LCDimpliesitcanshow16charactersforeverylineandthereare

2suchlines.InthisLCDeachcharacterisshownin5x7pixelmatrix.ThisLCD

hastworegisters,specifically,CommandandData.

Figure3.9:LiquidCrystalDisplay(LCD)

3.7.6GSMModule(Sim808v3.2)

AQuad-BandmodulethatconsistswithGSM/GPRSalsocombinedwithGPS

technology.Itisfastandcostefficient.Wehaveusedthisforsendingmessage

toobserver
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Figure3.10:sim808v3.2

Platformofourproject

 Platform:Arduino

 LanguageC

 Tools:ArduinoIDE

ArduinoIDE

Forourproject,ArduinoIDEhasusedtorunprogram onmicrocontroller

deviceformeasuringtheglucosevalue.

Fig-3.11:ArduinoIDE

Arduinoisafreelydistributedprototypeplatform whichcomprisesofa

circuitboard,thatcanbeprogramed(alludedtoasamicrocontroller)andan

instantprogrammingpackagecalledArduinoIDE(IntegratedDevelopment

Environment).ThisIDErunsoncomputertowrite,compileandupload

programinmultiplegenresofphysicalboard.

TheArduinoPlatform hasturnedouttobeexceptionallywellknownamong
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hobbyistanddevelopers.Arduinoproductsarefreelydistributedhardwareand

softwareundertheGNULesserGeneralPublicLicense(LGPL)ortheGNU

GeneralPublicLicense(GPL).

HerearesomepurposesofusingArduinoIDE:



Itisfreelydistributedextensibleplatform.

Ithasamassivecommunityallovertheworld.

 Itisverywellknowncross-platformIDE.

PlatformusedinAndroidApplication

Platform:Android

Language:Java

Tools:AndroidStudio,JavaSDK

AndroidStudio

Forourdevelopedsystem,AndroidStudioIDEisusedtobuildAndroid

Application.

Fig-3.12:AndroidStudio

AndroidStudioIDE(IntegratedDevelopmentEnvironment)isofficially
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knownasAndroidoperatingsystemwhichisprovidedbyGooglebased

onIntelliJIDEA.BythereplacementofEclipseAndroidDevelopmentTool

(ADT),itisprimarilyusedforAndroiddevelopment.

CHAPTER4

SystemDesign,ImplementationandTesting

4.1Introduction

Approachesthathasbeentakenforsolvingoursystemwillbediscussed.Our

proposedsystemisforthoseinfantsandagedpeoplewhohavesufferedfrom

diabetes.Monitoringisverynecessaryforthemastheyoftenbecomehypoand

theyneedtotakesugarimmediately.Forthisproblemwehavedonethisproject.

HerepatientsfingerhavetoplacebetweenNIRandPhotodiode.NIRtransmit

fiberwaveandphotodiodeconvertedthesewaveintocurrentvalues.Micro

controllerconvertedthisvaluewithsuitableglucosevalue.Patientcanseehis

glucoselevelonrealtimeandalsoweusebuzzerforgettingalerttopatientif

hebecomesverylow.Forremotelymonitoringweextendsourproject.We

thoughtforinfantsandagedpeopleprovidingglucosevalueorprovidingalertis

notenough.Ifonecanmonitorthemonrealtimethatcouldbeagoodforthe

patients.Wehaveusedwifimoduletosenddatatoserverforthisobservercan

monitorthepatientthroughsmartphone.Wehavealsousedgsm modulefor

notifyingtheobserverwhenpatient’sglucoseconditionisnotgood.

4.2SystemDesign

Thesystemhasbeendesignedintwounits:

4.2.1BloodGlucoseMeasuringunit

Inbloodglucosemeasuringunittherearetwocircuitsasshowninfigure4.1(a)
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(TransmitterCircuit)andfigure4.1(b)(ReceiverCircuit).Transmittercircuit

consistsofanoisefilter,aphotodiode(1550nm)andanoperationalamplifier

(lm358);andreceivercircuitconsistwithanearinfrared(800nm-1700nm).

Transmittertransmitscontinuouswavethreadlightthroughfinger,receiver

receivesthisattenuatedlight.Firstlynoisefrequencyofthislightisreducedby

noisefilteringcomponentsandthenithasbeenamplifiedtoexpandtheweak

signal.Afterthattheintendedsignalconvertedintoanelectriccurrentvalue.

Arduinoconvertstheelectriccurrentvalueintorelativeglucosevalue.

(a)Receivercircuit (b)Transmitter
circuit

Figure4.1:Schematicdiagramformeasuringbloodglucose

4.2.2MonitoringUnit

GlucosevaluewillbedisplayedinanLCDdisplayforpatient(Figure4.2(b)

showsLCD circuitdiagram);also,thevaluewillbedisplayedthrougha

smartphoneappsforanobserver(Figure4.2(a)showsGSM modulecircuit

diagram).GSMmodule808v3.2hasbeenusedasitcansendSMStoacellular

andalsocansenddatatoserver.
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4.3ImplementationoftheProposedSystem

Figure(4.3)showsLCDdisplaytodisplayglucosevaluetothepatients.

Figure4.3:ShowglucosevalueinLCDdisplay

Figure(4.4)showsthedatastorageonserver.

(a)GSMmodule(SIM808)circuit (b)LCDdisplaycircuit

Figure4.2:circuitdiagramformonitoringunit
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Figure4.4:Glucosevalueinserver

Figure(4.5)showsmessagingfunction.Whenpatientsglucoseleveliscritical

it’llsendnotificationtoobservertotakecareofhim.

Figure4.5:Notify observerviasending
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message

Figure(4.6)showstheandroidappstodisplayrealtimeglucosevaluetothe

observer.

Figure4.6:Mobileapplicationfordisplayrealtimeglucosevalue

4.4Testing

UnitTesting

Unittestinghavefocusedonverifyingtheleastunitofthedesignedsoftware.

Whiteboxtestingisappliedhere.Measuringtheglucosevalueistestedandifit

givecorrectsvaluethenvalueissenttodatabaseforstoringdataandshowin

applicationandalsoshowinLCDdisplay.

Integrationtest

Integrationtesting istheblackboxtestingwhere softwareistested.For

verifyingfunctionalityanditsperformanceintegrationtestingisperformed.We

havetastedourprojectbyintegratingtesting.Allmodulethatincludeswithour
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softwaredesignaretested:

TABLE4.1:INTEGRATIONTEST

TestCase ExpectedResult ObservedResult TestResult

MeasuringGlucose

valuethroughNIR

andPhotodiode

sensor

Canmeasure

properly

Canmeasure

properly

pass

Sendingdatato

server

Cansendproperly Cansentproperly Pass

Retrievedatafrom

serverforshowing

valueonapplication

Canretrieve

properly

Canretrieve

properly

Pass

Sendnotificationvia

SMSonobserver

mobile

CansendSMS

properly

CanSendSMS

properly

pass

CHAPTER5

Conclusion,ImplicationforFutureResearch

5.1Conclusions

TheIoTbasednon-invasivemethodusingNearInfrared(NIR)isbecominga

veryusefuloptionforconstantglucosemonitoring.Asitisnotpainfuland

thereisnoriskforinfectionunlikethetraditionalinvasivemethods,more

peoplearewillingtoutilizetheframework.IoThavebeenanintegralpartfor

numberofdifferentsectors,rangingfromhealthcaretobuildingsmart

homes[17].Thisproposedworkcanactasamultidimensionalhealth

monitoringsystemasitiscapableofcombiningthemonitoringfunctionality

withfeaturesuchasnotifyingrelevantinformationtothepatientandthe
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observer.Theconstantremotecollectionofthepatient’sglucosereadings

willalsohelpanydoctortotakeadecisionbasedonpatient’shealthifthe

patientortheobserverdecidestodiscusstheobtainedinformationwiththe

doctor.

5.2Limitations

Theobtainedresultmightcontainsomeerrors.Aswewerenotabletowork

withtheactualsensorstheerrorsoccurs.Sometimestheserverfailstocopeup

withtherealtimeupcomingdatafrompatient

5.3Comparison

Inmostoftherelatedpapers,theytriedtomeasurethebloodglucoselevelin

thebloodstreamofthepatientbynon-invasivetechnique.Someofthepaper

showedsomenotificationrelatedresearch.Butnoneofthepapershowedthe

totalmonitoringsystemaswedidinourstudy.Thisstudymainlyfocuseson

themonitoringsystemofthepatientonbasisofmeasuringbloodglucoselevel

bynon-invasivemethod.

5.3ImplicationforFurtherStudy

Thesystemwillbefurtherdevelopedtocountersucherrorsandalsotooutput

moreaccuratevalue.Adddietplanfordiabetespatientbasedontheirglucose

levelisalsoanotherconsiderationforfuturedevelopment
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