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ABSTRACT

Thepaperpresentsa reliableandqualitymaintenanceof intravenous fluid level,pulse rate,and
respiration rate measurement system in healthcare networks. Implementing information and
communicationtechnologybecomesessentialtomonitoranelderlypatient’shealthconditioninthe
hospitalenvironment.Inthispaper,acontinuousmonitoringsystemisdevelopedtomonitorthelevel
oftheintravenousfluid,pulserate,andrespirationrateduringpandemicsituationswithanalarm
indication.Theintegrationofpressuresensor,straingaugesensor,PPGsensor,andPiezosensorwith
low-costmicrocontrollerprovidesareliableandqualitymaintenanceofanintravenousfluidlevel.Also,
itgivesanaccuratemeasurementofpulserateandrespirationrate.Advancedsignalprocessingtools
havebeenusedinthispaperforprocessingandfeatureextraction.Thehardwareimplementationof
theproposedwirelessmonitoringsystemisdoneusingamicrocontrollerprogrammingenvironment
thatconsumesmeagerpowerandprovidesreliablemonitoring.
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INTRodUCTIoN

Generally,duetothepopulation’sgrowth,theimportanceofhealthcarealsoincreases.Nowadays,
manyadvancedtechniquesarecarriedoutinthemedicalfield.AccordingtoDuddeetal.(2006),an
intravenousinfusionisanessentialpracticeinclinicaltreatments.Intravenousfluidmonitoringplays
asignificantroleinmanymedicaltreatments.Nowadays,manydevicesaredevelopedinahealthcare
environmenttoensurepatients’safety.Μοreover,therewillbeahugedemandforusingIVdripto
treatpatientdiseasesduringpandemicsituationsandincreasepatienthealthimmunity.SARS-CoV
(SevereAcuteRespiratorySyndrome-CoronaVirus)isavirusthatoriginatedfromanimals(Bats)
inGingdongprovinceinChinain2002.AccordingtotheWorldHealthOrganization(WHO),this
virushasspreadaround26countries,andmorethan8000caseswereregisteredaroundtheworld.
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Humantohumantransmissionisfoundtobethereasonfortherapidspread.SARS-CoVsymptoms
includefever,headache,myalgia,diarrheaandshivering(Weissetal.2011).Atthesametime,the
disease was declared an epidemic by the WHO. In 2012 MERS-CoV (Middle East Respiratory
Syndrome-CoronaVirus)brokeoutinSaudiArabia(Erikaetal.2020).Until2020around2519
peoplewereinfectedbyMERS.AgeneticvariationofSARS-CoVwasactivein2019andiscoined
asSARS-CoV2bytheInternationalCommitteeonTaxonomyofViruses(ICTV)(ChihChengLaiet
al.2020).ItoriginatedintheWuhanprovinceofChinafromBats(Phelanetal.2020).Thedisease
causedbySARS-CoV2wasnamedthe2019novelCoronaVirus(2019-nCoV).

LateritwascalledCOVID-19(CoronaVirusDisease2019)whenannouncedasapandemic
diseasebyWHO.Thevirusisknowntoaffecttheinfectedrespiratorysystem(Shereenetal.2020).It
takesaroundaminimumoffivedaystoshowanysymptomsofvirusinfection.Insomeinstances,it
haseventakenaround24daysSymptomsincludefever,sorethroat,bodyacheandtroubledbreathing
(Huangetal.2020;Guanetal.2020).Thevirustravelsthroughourwindpipetoreachthelungs.Air
sacswillbedevelopedinsidethelungs,whichcausestroubleinbreathing.

Around 14% of the affected people had this trouble. These critical patients were kept on a
ventilator,andtimelycarewasneeded.Itisalsobelievedthatthediseaseisfatalinpersonsabove
age60oranyonewithpriorlife-threateningdiseaseslikecardiovasculardisease,diabetes,chronic
respiratorydisease,andcancer.Humantohumantransmissionissignificantlyduetodropletsfrom
themouth.Apersonisalsopronetoillnessifthepersoncomestocontactwithanysurfacewithan
activevirus.

The spreadof thevirus isgrowingvery fast, and thenumberof infectedpatients is rapidly
increasing.Theresearchreportednovaccineforthisdisease.However,variousmanufacturersare
researchingtofindacureattheearliest.Duetoincreasingthenumberofinfectedpatients,providing
timely,reliabletreatmentfordiseasesbyhealthcarenetwork’sbecomeschallenging.Itisalsotough
tomonitorinpatienthealthstatusbyacaretakerduetothespreadofthevirus.

Asaresult,itisnecessarytobringothertechnologiestothetreatmentofinfectedpatientsinan
instrumentalhealthcarenetwork.

Thepurposeofthisarticleistoprovideanefficientandstraightforwardprospectiveimplementation
ofGSM-basedwirelessmonitoringofintravenousfluidlevel,pulserateandrespirationrateofthe
patients.Thescientificenvironment’srelevantinformationhasbeenreviewedandproposedareliable
systeminane-healthcarenetwork.

Thepaper proposes an alternative solution to use innovative engineering concepts andnew
technology tomonitor thepatient’s conditions toovercome these issues. It provides themethod
ofmonitoringpatienthealthstatusautomaticallywithouthealthcareproviders’supportduringan
emergency.Italsohighlightsthepracticaluseofsensingtechnologyinhealthcaretomeasurethe
necessaryvitalparameterssuchaspulserateandrespirationrateandenablethecontrolactionsby
communicatingtheinformationtothecaretaker.Advancedsignalprocessingtoolshavebeenused
inthispapertoextractthedesiredfeaturesfromthebiosignals.

BACKGRoUNd

Cardiovasculardiseases,nervousproblems,andbrain-relatedproblemsareoneofthemostcritical
sourcesofdeath.Itisalsoessentialtomonitorolderadultswhoneedmorecareduetothegrowing
effectofdiseases.According toHaydarOzkanet al. (2020), itwas reported that17.7million
peopleshaveaffectedandlosttheirlifeduetolongtermdiseases.Asaresult,thehomemonitoring
ofvitalpatientparametersbecomesessentialinthebiomedicalengineeringenvironmentdueto
theageingproblem.

Thereisaconsiderableneedforusingengineeringtechnologyinthehealthcareenvironmentto
solvehumanproblems.Theapplicationofinformationandcommunicationtechnologiesdrastically
increaseshealthcareservices to long-termdiseasedpeopleandelderlypatients.Oneof themain
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requirementstodealwiththesepatientsliesintheircontinuoushealthmonitoring.Duetothelack
ofservices,workforce,andequipment,continuoushealthmonitoringforelderlypatientsbecomes
crucial.Therefore,analternativemechanismmustbeintroducedtoovercomethedrawbackofexisting
methodologiesandprovideanefficientmonitoringplatforminthehealthcarenetwork.

Intravenous Fluid Monitoring
Medicalavoidanceduringintravenousinfusioncancausedifferentkindsofseveremedicalaccidents
(Agarwaletal.2009).Zhangetal.(2011)proposedthesensornetwork-enabledintravenousinfusion
monitoring.Thispaperillustratesafamilyofintravenousinfusionmonitoringsystemsbasedona
fork-typelightbarrierincorporatedwiththezig-beeprotocol.Thesystem’sreliabilityisanalyzedand
provedmassiveexperimentalstatisticalresultstoshowthatthemonitoringsystemcanprovidethe
networkablesystem’srequiredfunctions.Thesystemalsoofferslowcost,lowpowerconsumption,
smallsize,goodscalabilityandflexibleuse.

Swainetal.(2015)proposedanintelligentsalinelevelindicatorwithacontroller.Thepaper
describedasystemthataimstotroubleshootproblemscausedbythebackflowofbloodeffectively.
Priyadharshini et al. (2015) proposed an automatic intravenous fluid level indication system for
hospitals. In this paper, a low-cost radio frequency-based automatic alerting indicates when the
devicemightuseaninfra-redsensorasalevelsensor.Itisbasedontheprinciplethesensoroutput
voltagelevelchangeswhentheintravenousfluidlevelisbelowaspecificlimit.Acomparatorisused
tocomparethesensoroutputwithapredefinedthreshold.Whenthetransceiveroutputisnegative,
thecontrolleridentifiesthefluidlevel.Italertsthecaretakerbyabuzzer,andanLCDatthecontrol
roomindicatesthepatient’sroomnumberforquickrecovery.Bhavasaaretal.(2016)proposedan
automatedintravenousfluidmonitoringandalertingsystemthroughloadcellandheartbeatsensors.
Intravenoustherapyisatypicaltreatmentmethodthatmaymodifyelectrolyteimbalancesinthebody,
delivermedications,andtransferbloodorfluidinjection.Theadvantageoftheproposedmethod
lowersthechanceofheartproblemsbymonitoringthepatient’sstatus.Periodictherapy,especiallyin
thecaseofchemotherapy,canbeeffectivelycarriedout.ThenecessitytomonitorIVadministrationis
profound,andthispaperpresentsasolutiontotheaboveproblem.Chidgopkaretal.(2015)proposed
anautomaticandlow-costsalinelevelmonitoringsystemusingawirelessBluetoothmoduleandthe
CC2500Transceiver.Thepaperproposedasystemthatcanautomaticallymonitorthesalineflow
ratebyusingamicrocontroller.Itisbeneficialfornursesanddoctorsatruralhospitalstomonitor
salinelevelatlongdistance.

Tiwari et al. (2016) proposed a system that consists of a color sensor, ATmega 328P
microcontroller,transmitterandreceiver.ThissystemovercomesthecomplicationsfacedduringIV
therapy.ItdetectstheemptyingofanIVbagwiththehelpofalevelindicator.Theindicatorisbased
onacolordetectingprinciple.Thealarmwillringatthesetpointlevelandalertthestafftoreplace
theIVbag.Bustamanteetal.(2010)proposedawirelesssensorforintravenousdrippingdetection.
Theyproposedasystemthatcandetectwhenanintravenousliquidprovidedtopatientsinhospitals
runsoutanddetectobstructionsinthecatheter.Thatway,sanitarycentres’attentionismoreefficient
andimmediate,asthecontainer’sobservationdoesnotneedhumansupervision.

Also,anovelalgorithmhasbeensimulatedtoimprovethenetworkwithitsmobility.Thedevice
sizeandsensordimensionsareconsiderablysmaller,whichreducespowerconsumption.HarshDave
etal.(2016)&Jeganetal.(2018)proposedtheZigbeebasedwirelesshealthmonitoringsystem.The
paperproposedasystemthatuseslowpowerZigBeewirelesstechnologyalongwithanARM-based
microcontroller.Vitalhealthsignslikeheartrate,temperatureandbloodsugarlevelcanbemonitored
inreal-timeusingthissystem.Chi-FangHuangetal.(2011)proposedawarningsystembasedonthe
RFIDtechnologyforrunningoutoftheinjectionfluid.Theydemonstratedtheresultsofawarning
systemofrunningoutofintravenousdripinhospitals.RFIDtechnologywasadoptedasameansof
triggeringthedeviceofthewholesystem.Hidekunietal.(2010)proposedasystemthatdetectsthe
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fallofeachdripoffluid.Table1givesadetailedlistofsensors,hardware/softwareapproachesand
wirelessdevicesusedbyvariousresearchersintheprocessofintravenousfluidlevelmeasurement

PPG Sensor and Pulse Rate Measurement
Shobhithaetal.(2013)describethat thehumanheartfunctionsbyaseriesofelectricalactivities
fromaspecificregionwithinthecardiacmuscle.Theseactivitiesspreadthroughthecardiacareas
andstimulatecontractionstopumpdeoxygenatedblood.Thedeoxygenatedbloodispassedtothe
lungsforpurificationandallowedintothevascularsystem.Theheart’selectricalactivityproduces
achangeinmVrange(millivolts),measuredbytwoelectrodes.Theregularheartbeatstartswiththe
SinoAtrialnodeandistriggeredintotherightatrium,whichcausesdepolarizationofthecardiac
muscle.ThePPGsignalhaswaveformsthatindicatethevariationofbloodvolumewitheachcycle.
Physiologicalsensorsplayasignificantroleinthefieldofacquiringphysiologicalsignalsandtheir
processing.TheatrialandventricularactivityoftheheartplaysavitalroleingeneratingaPPGsignal.
ThePPGsignalisachievedbyasensorthatmeasureschangesinlightabsorption.ThePPGsensor
iswidelyusedtosensethebloodflowratecontrolledbytheheart’spumpingaction.

Elgendietal.(2012)andJeganetal.(2015&2018)usedasensorplacedonthefingertipforPPG
signalacquisition.Ya-LiZhengetal.(2014),Bolanosetal.(2006)andMelvinetal.(2017)proposed
adevice for themeasurementofbloodpressureandheart ratevariability.Yousefi et al. (2014),

Table 1 List of Sensors, Hardware, Software and Wireless Modules Used for IV fluid level Monitoring

Reference Sensor Used Software Used Hardware Used Wireless Device 
Used

F.Chenetal.2015 RFID/NFCtagreader EmbeddedC UDPprotocol,ADC
Microcontroller RFID

S.Josephetal.2019 Levelsensor EmbeddedC ATmega
microcontroller Bluetooth

RezaC.Jianwenet
al.2011 IRSensor,Laser EmbeddedC

Amplifier,
Microcontroller,
Steppermotor

CC1101RF
module

V.Cayaetal.2019 Driplevelsensor EmbeddedC
RaspberryPi
Processor,Servo
motor

Webserver

K.R.Ranietal.2017 PressureSensor EmbeddedC Amplifier,
Microcontroller nrf24L01

Raghavendraetal.
2016 Lightdetector EmbeddedC Microcontroller NA

YangZhangetal.
2010 IRSensor EmbeddedC Atmega128

controller CC2420Zigbee

S.Yadavetal.2016 IRSensor EmbeddedC ARMCortexM3,
Servomotor Wi-Fi

A.Cataldoetal.2011 Stripelectrodes NA Time-domain
reflectometry NA

A.Cataldoetal.2012 Stripprobe MATLAB Microwave
reflectometry NA

Rayetal.2019 Ultrasonic,IRsensorand
Loadcell EmbeddedC Atmega328

controller ESP8266module

Rashidetal.2017 FlowSensor EmbeddedC Atmega2560
controller Bluetooth
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ZhilinZhang(2015)andByung&Sun(2006)proposedthemethodofthesystematicacquisitionof
PPGsignalwithnoisecancellationalgorithmstoremovemotionartefactnoises,whileAsadaetal.
(2003)proposedtheuseofwearablebiosensorsfortheacquisitionofthePPGsignal.Table2gives
theexistingtechniquesandfocusingareasforPPGsignalfeatureextractionandmonitoring.

Respiration Rate Monitoring
Anecessaryvitalparametertoanalyzepatienthealthistherespirationrate.Invariousstudies,the
respiration ratemeasurementplaysacrucial role inanalyzing the respiratoryproblem.Different
authors have developed a system for measuring the respiration rate from the patient signals by
involvingvarioussensors(Jeganetal.(2017,2020).MarekKreheletal.(2013)proposedawearable
sensingsystemwithopticalfibersforrespirationratemeasurement.NavajasD.(2016)developedthe
system,whichconsistsofpneumotachographsforsleep-relatedbreathingissues.V.Kulkarni(2013)
introducedthesystem,whichconsistsofpolyvinylidenefluoridesensorsforrespirationmonitoring.
Manybiomedicaldeviceshavebeendevelopedinthehealthcarenetworktomeasurevitalpatient

Table 2. Related methods Used for Pulse rate monitoring

Reference Sensor Used Hardware and Software Used Purpose

K.Watanabeetal.
2019 PPGsensor STM32L432Microcontroller,ADC,Currentto

voltagecircuit Heartbeat

S.Vadrevuetal.2019 PPGsensor Filters,Matlab Peakdetection

L.Zhuetal.2019 PPGsensor Movingaveragefilter,neuralnetwork Heartrate

H.Leeetal.2019 PPGsensor Gyroscope,Accelerometer Heartrate

BesleagaTetal.2019 PPGSensor FilteringandBPmeasurement Mechanical
Alternans

A.Thomasetal.2019 PPGsensor SparsityBasedSignalExtraction Heartrate

C.Yangetal.2019 PPGsensor MSP430controller,wavelettransform AtrialFibrillation
Screening

S.Vadrevuetal.2019 PPGdatasets ARMController,Matlab Signalquality
assessment

J.Leeetal.2019 PPGsensor Multi-modeparticlefiltering Heartrate

W.Heetal.2020 PPGsensor Shorttime
Fouriertransform,Dictionarylearning Heartrate

Eerikainenetal.2020 PPGsensor RandomForest(RF)model
DetectingAtrial
Fibrillationand
AtrialFlutter

K.R.Arunkumaret
al.2020 PPGsensor

RecursiveLeastSquares,NormalizedLeast
Mean
Squaresadaptivefilters,FastFouriertransform

Heartrate

M.Panwaretal.2020 PPGsensor DeepLearningFramework Heartrate

L.G.Rochaetal.,
2020 PPGsensor Convolutionneuralnetworks(CNN)andtwo-

layerextendedshort-termnetwork Heartrate

Chowdhuryetal.2018 PPGsensor Multiplereferenceadaptivefilter Heartrate

G.Ryuetal.2018 FlexiblePPGsensor Amplifier,filter Drowsiness
detection

D.Biswasetal.2019 PPGsensor Deeplearning
Framework Heartrate
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parameters.However,thesedevicesareextensiveandconsumemuchpower.Hence,thereisanecessity
todevelopabettermonitoringunitthatcanbeusedine-healthapplications.Continuousmonitoring
isessentialforsomepatientsinthelongrun.Inaddition,theconstantmonitoringofpatientsusing
anintelligenthealthcaresystemrequirescomplexcircuitry.Themonitoringsystemdesignedutilizing
theacquisitionunitoccupiesalargeareaandconsumesmorepower.Table3presentsthedetailed
componentsinvolvedinmeasuringtherespirationratefrombiomedicalsensors.

VariousresearchersfromdifferentsciencedomainshavebecomeincreasinglyinterestedinPPG
signalprocessingand respiration ratemeasurementbecauseof its advantages as anon-invasive,
inexpensive,andconvenientdiagnostictoolforphysiologicalparametermeasurement(Jeganetal.,
2013,2015,and2018).

SySTEM ARCHITECTURE

Thepaper targets thedevelopmentof a reliable smart systemconsistingof aPPGsensor and a
respirationsensorforeasyacquisitionofareal-timesignaltomeasurephysiologicalparameters.It
alsoprovidescontinuousmonitoringoftheintravenousfluidlevelbypressuresensorsandstraingauge
sensors.TheproposedsystemconsistsofaGSMwirelessmoduleforconstantmonitoring.Here,a
sensor-basedphysiologicalsystemhasbeendevelopedtoacquirePPGandrespirationsignals,and
filteringtechniqueshavebeenimplementedtoremovevariousnoisesandimprovethesignal’squality.

Figure1showstheproposedsystemarchitectureofintravenousfluidlevel,pulseandrespiration
ratemeasurement.Thesystemarchitectureconsistsofthreemodules.Thesensingmodulecomprises

Table 3. Related work on Respiration rate monitoring

Reference Sensor Used Components Used Purpose

Pimenteletal.2017 PPGsensor Multipleautoregressivemodels Respirationrate

V.Soleimanietal.
2018 RGB-Dsensors depth-basedphotoplethysmography

Remote
Pulmonary
FunctionTesting

M.A.Motinetal.
2019 PPGsensor Empiricalmodedecomposition,Principle

componentanalysis Breathingrate

D.Jarchietal.2019 PPGsensor Accelerometer,auto-regressivemethod,
Hulberttransform Respirationrate

J.Jorgeetal.2019 ECG,PPGSensor Autoregressive,FastFouriertransform Respirationrate

C.Parketal.2019 PPGsensor Compressivecovariancesensing Respirationrate

R.Katiyaretal.2019 PPGsensor Fourier–Besselseriesexpansion-based
empiricalwavelettransform Respirationrate

K.V.Madhavetal.
2013 PPGSensor Modifiedmultiscaleprincipalcomponent

analysis Respirationrate

M.R.Rametal.2013 PPGsensor ICA-basedimproveddual-treecomplex
wavelettransform

Respiratory
information

M.A.Motinetal.
2018 PPGsensor Ensembleempiricalmodedecompositionwith

principalcomponentanalysis Respirationrate

H.Changetal.2018 PPGsensor Holo-Hilbertspectrum Respirationrate

D.Kimetal.2020 PPGSensor Filtering,ADC Respirationrate

H.Sharma,2020 PPGsensor Ensembleempiricalmodedecompositionwith
Kalmanfilter Respiratoryrate
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a strain gauge sensor, pressure sensor, PPG sensor, and Piezo sensor for sensing the required
physiologicalsignalquantity.Thepressurevaluesdifferregardingthevolumesofliquidcontainedin
theintravenouscontainer.Thepressureismeasuredusingthestraingaugesensorandpressuresensor.

Moreover,thepatient’spulserateiscalculatedusingaPPGsensor,whichworksontheprinciple
oflight-basedtechnology.ItconsistsofaLEDandphotodetectorforsensingthepulsesignalofthe
patient.Thepatient’srespirationismeasuredbyapiezosensorplacedonthepatientchesttofeel
thepatientrespiration.Theprogrammablesystemmoduleconsistsofalowpowermicrocontroller
forprocessinginputphysiologicalsignals’parametersandmeasuringrequiredparameters.Thelow
poweramplifierisusedtoachievetheinputquantityoftheinputsignal,whichthemicrocontroller
andLabVIEWenvironmentcanprocess.

INTRAVENoUS FLUId LEVEL MEASUREMENT

Strain Gauge Sensor and Pressure Sensor
Thepaperproposesapressuresensorandstraingaugesensortomeasurethecontainer’sintravenous
fluidlevel.Thus,whenthevolumeoftheliquidinthecontainerisreduced,thereisadropinthe
container’spressure.Thepressuresensorprovidesthesensingofthepressureinthecontainerand
producestheoutputasananalogvoltage.However,thepressuresensor’svoltageisverylowsince
thepressurechangeinthecontainerisalsolow.Hence,thisvoltagedropneedstobeamplifiedto
produceaconsiderableoutputthatotherprocessingdevicessuchasamicrocontrollercanprocess.

A precision amplifier has been considered and interfaced between the sensing system and
processingunit.Astraingaugeisasensorusedtomeasurethestrainontheobject.Theindicator
is connected to themediumanddeformed tochange its electrical resistance,measuredwith the
Wheatstonebridgeconfigurations.Figure2providestheschematicrepresentationoftheusedstrain

Figure 1. System architecture for IV fluid level, pulse rate and respiration rate measurement system



International Journal of Reliable and Quality E-Healthcare
Volume 11 • Issue 1

8

gaugeandapressuresensorfordetectingandsensingthepressureofthesalinebottleandidentifying
thecontainer’slevel.

Processing Unit
Thesalinebottleissettohangonthemediumwherethestraingaugesensorandpressuresensorare
placed.BeforehangingtheIVbagonthemedium,thestraingaugesensormustbecalibratedorset
toanullposition.Thestraingaugesensorandpressuresensorarefittedonthemediumonwhichthe
IVbagishangedwithoneendconnectedtothesensorandtheotherendtothepatient.Accordingto
thespeed,thefluidlevelisgettingreducedstepbystep,whichisadjustedbythetube’srollerclamp,
asshowninFigure1.Thevoltageproducedbythesesensorsneedstoamplify.Theprocessingunit
isusedtostrengthenthevoltagefromthestraingaugesensormadeupoftheOP07CPprecision
operationalamplifier.Theoutputvoltageistakenfromthesensingmedium,anditisgiventothe
amplifier,asshowninFigure3.

IV Fluid Level Measurement
Astraingaugeisoperatedontheprincipleofmeasuringachangeintheresistanceofawire.Inthis
paper,theinputterminalofthesystemisdevelopedbyastraingaugeusedandcalibratedtomeasure
strain.Theindicator isattachedto theobjectbyasuitableadhesivearrangement.Theresistance
changeiscalculatedusingaWheatstonebridgerelatedtostrainbythequantityknownasgaugefactor.
StraingaugesareusedassensorsinIVfluidmonitoringsystemstomeasurethechangeinpressure.
Theexperimentdealswithmeasuringthestraininacantileverbeambyusingfourresistancestrain
gauges.AstaticloadintheformofIVfluidisincrementedatdifferentlocationsalongthebeamto
producemeasurablestrains.Inmanyapplications,aWheatstonebridgeintheformofstraingauges,
whichconsistsoffourresistorsinanelectricalcircuit,isusedtomeasureresistancechange.Anyone
oftheseresistorsmaybereplacedwithstraingauges,andtheresultingcircuitcanbeusedtomeasure
deflections.Thepressureintheintravenouscontaineriscalculatedusingthesestraingaugesasasensor.
Thepressurevaluesdifferforvariousvolumesofliquidcontainedintheintravenouscontainer.Thus,
whenthevolumeoftheliquidinthecontainerreduces,thereisadropinthecontainer’spressure.
Thatchangeinpressurehastobemeasured.

Inthesecondapproach, thepressuresensor(MPXV5004GP)measurestheIVfluidlevel.It
generatesasignalwhichisafunctionofthepressure.Thesepiezoresistivepressuresensorsprovide
averyaccurateandlinearanalogvoltageequaltotheinputpressureapplied.Thepressuresensor
MPXV5004GPandIVchamberareplacedatthesameelevation.OneendoftheIVtubingisconnected

Figure 2. Sensor used for IV fluid level measurement (a) Strain gauge sensor (b) Pressure sensor - MPxx5004
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tothepressuresensor,andtheotherendismaintainedasadrain.Thepressuresensorproducesanalog
outputvoltagebasedontheintravenousfluidlevelreduction.Figure4providesthenecessarysteps
involvedintheprocessofIVfluidlevelmeasurementandmonitoring.

PULSE RATE MEASUREMENT

PPG Based System design and Pulse Rate Measurement
ThePPGsignalrecordingbythePPGsensorhasbeenanintegralpartofmedicalengineeringfor
measuringapatient’svitalparameters.Thereal-timePPGsignalisacquiredandanalyzedusingdata
acquisition(DAQ)hardware.TheliteraturereviewseemstoincorporatePPGsensorstoreceiveapulse

Figure 3. Amplifier circuit configuration to amplify sensors output

Figure 4. Steps involved for IV fluid level measurement
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signal.APPGisamethodofobtainingaplethysmogramsignal.Areal-timePPGsignalisacquired
throughthePPGsensor,whichilluminatestheskinandestimatesvariationinthelightabsorption.

Inthiswork,thePPGmeasurementcanbedoneatthefinger.ThePPGsignalcontainswaves
that reflect the change in blood volume with each cardiac cycle. The photodetector detects this
volumechange.Figure5showsthetypicalsensoranditsoutputsignalrepresentation.PPGsignals
maycontainthebaselinedrift.Thatismainlyduetothenoisesthatoccurredduringtheacquisition.
Itisremovedbyapplyingabandpassfiltertothesignal.Then,thenumberofpeaksisdetectedto
calculatethepulserate.

RESPIRATIoN RATE MEASUREMENT

Piezo Sensor and Respiration Rate Measurement
Thewideuseofthepiezosensorinbiomedicalengineeringplaysacentralroleinmeasuringvital
parameters.Theworkingmethodologyofthepiezosensormainlydependsontheprincipleofthe
piezoresistiveeffect.Inthispaper,apatientrespirationsignalisacquiredandrecordedwithapiezo
sensor.Figure7showsthetypeofpiezosensorusedinthispaperfortherespirationratemeasurement.
Theexperimentalsetupconsistsofapiezosensorwithabeltarrangementattachedtothepatient
chest.Thesetupprovideseffectivemeasuresoftherespirationsignalswheneverthepersonbreathes.
That could be further amplified using an amplifier. The graphical programming environment is
usedtoprocesstheacquiredsignal.Thesignalistakenfor15seconds,andtheremainingdatais
interpolatedforaminute.

Figure8showstheprocessflowdiagramfortheproposedsystem.Inamedicalenvironment,
moderntechnologyplaysasignificantroletoreducework.Inthispaper,theGSM-basedmonitoring
systemmonitorstheintravenousfluidlevel,pulserate,andrespirationrate.WhenevertheIVfluid’s
desiredlevel,pulserate,andrespirationratereachestherequiredlimit,analertmessageissentto
thenursestationthroughtheGSM.ThesystemisdesignedusingtheLabVIEWenvironmentandis
alsoimplementedintheATmega128lowpowermicrocontroller.TheAtmelbasedmicrocontroller
boardischosenfortheembeddedimplementationofthemonitoringsystem.Toreducethecalculation
inaccuraciesduetofinitewordlength,a16-bitprocessorisused.Thephysiologicalsensorisusedto
acquirethehumanbody’ssignalsandisrepresentedinsamples.Thebiosensor’sanaloguevoltage
isamplifiedandfedtothe10-bitA/Dconverterofthemicrocontroller.Thedigitizeddataisfiltered
andusedformeasuringphysiologicalparameters.Athresholdvoltageissettosendanalertmessage
tothenursestationthroughGSM.Thesensor’sanalogueoutputvoltageisamplifiedandgiveninto
theATmega128microcontrollerusingtheADCtechniqueinthehardwarepart.AGSMmodulehas
tobeinterfacedwiththemicrocontrollertoalertthenursestation.Athresholdvoltageneedstobe
programmedinthemicrocontroller.Whenthedesiredparameterscomeatthethreshold,theGSM
willsendanalertmessagetothenursestation.

Figure 5. Schematic representation of Pulse sensor: (a) PPG sensor (b) PPG signal
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dISCUSSIoN ANd FUTURE dIRECTIoNS
Toanalyzetheproposedmethod’sperformance,real-timePPGandrespirationsignalsfromtheactual
subjectareused.Therecordingsaredigitizedatasamplingrateof1KHz.ThePPGsensorandpiezo
sensorareappropriatelyplacedatthecorrectlocationofthehumanbody.Therespectivesignalsare
acquiredfordifferentpatients,asshowninFigures6and7.TheProcessedPPGsignalretainsthe
originalPPGsignal’smaincharacteristics,asshowninFigure6.Therespiratoryratemeasurement
techniqueisbasedonthestretchappliedbytheribcagemovementsduringinhalingandexpiration.
Thebeltconsistsofapiezosensortocollectarespirationsignal.Theinhalingvalueislowerthanthe
expirationvaluebecause,duringinhaling,thechestvolumeincreasesandthepressureisincreased.To
performthemeasurement,thepiezoresistivesensorisused.Thatway,thepressurechangeswiththe
resistanceduetotherecordedchestvolume,increasingordecreasingduringtherespiratoryactivity.
Thesignalfromthesensorisgiventothecontrollerforeachbreathitcounts.Finally,therespiration
andpulsepeakcountingalgorithmconsistsofasoftthresholddetectorforcountingthepeak.The
measuredIVfluidlevel,pulserateandrespirationratearethengiventothecontroller.Theprogram
isexecuted,andthedataistransmittedtothesmartphonethroughtheGSMmoduleiftheparameters
exceedthethresholdlimit.Table4showsthecomparativeanalysisdonefortheIVfluidlevel,pulse
andrespirationmeasurement.Theresultsarecomparedandtabulated.FromtheprocessedPPGand
respiratorysignal,thetotalnumbersofpeaksfor60secondshavebeencalculated.

Figure 6. Acquired PPG signal by the PPG sensor attached to the patient’s finger: (a) Raw PPG signal (b) Baseline drift removed 
PPG signal (c) Peak detection
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Figure 7. Piezo sensor and wearable belt-based sensor set up for respiration rate measurement: (a) the sensor set up (b) acquired 
respiration signal

Figure 8. Process flow diagram for proposed Intravenous fluid system
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IthasbeencalculatedasifthenumberofPPGpeaksbelow70andexceedsover100isconsidered
abnormalities,andforrespirationsignal,risesabove25areconsideredexceptions.Thefluidlevel
withacorrespondingvoltageof1.25Visfixedasathreshold.

Usingtheproposedmethod,thepulseandrespirationcountandIVfluidlevelcanbeeasily
monitored.Theparameterssuchasthepulserateandrespirationrate,andIVfluidlevelaretransmitted
tothecaretakerusingaGSMwirelessmodule.Usingthismethod,thepatientfeelsmorecomfortable
asthesystemcanavoidrepeatedcheckingofthepatient’shealthduringpandemicsituations.The
applicationsmightalsobeusedregardingthePPGandrespirationmonitoringinambulatorycare.

Nowadays,caretakersneedtoconstantlymonitorthelevelofthesalinebottle,pulserate,and
respirationofthepatients.Duetothenegligenceofanurseorstaff,thesalinebottlemightnotbe
monitoredcorrectly,andbloodwillflowoutwardintothesalinebottleduetothepressuredifference
between thepatient’sbloodflowand theemptysalinebottle. Improperphysicalmonitoringwill
inducemanyhealth-relatedproblems,includingbloodloss,backflowofbloodfromavein,improper
breathing,andreducedhemoglobinlevelanddeath.

FromtheresultsgiveninTables4and5, itwasobservedthat theproposedimplementation
providesasolutionindevelopingasmartwirelessmonitoringsystemthatcreatesacommunicationlink
betweenthepatientsandthecaretaker.Withthebiomedicalsensorsandwirelessmodules,thepatient
medicaldatacanbeeasilyacquiredandcommunicatedtothecaretakerwirelessly.Thisarrangement
canalsobestrengthenedtovisualizethereal-timepatientsignalthroughcloudtechnology.Inaddition,
theproposedconceptcanbeintegratedwithaprogrammablecontrollertoperformcontrolactions.

However,thelimitationofthisstudyrelatestotheprocessingspeedandsize.Moreover,the
calibration of the sensor needs to be repeatedly done for every patient. That can be avoided by
designingadigitalelectronicscircuitwithaPCBdesign.

Recently,bodychannelcommunicationsplayaleadingroleinhealthcarenetworksforproviding
flexiblecommunication.Theycreateacommunicationlinkintheformofawirelessbodyareanetwork.

CoNCLUSIoN

Physiologicalsignalprocessingandfeatureextractionareusedtodeterminetheregularrhythmic
activityofthehumanconditioninthehealthcareenvironment.Thisactivityisrecordedonmonitors
bytheelectrodes.Theproposedmethodformonitoringthesalinelevelisalowcost,lowpower,highly

Table 4. Parameters measured from the Proposed System 

SNo
Pressure Sensor Strain Gauge Sensor PPG sensor Piezo sensor

Level(ml) Volt (V) Level(ml) Volt (V) Pulse rate Respiration Rate

1 500 3.12 500 2.97 77 19

2 450 3.02 450 2.65 74 20

3 400 2.88 400 2.43 72 18

4 350 2.56 350 2.13 76 18

5 300 2.32 300 2.01 73 19

6 250 2.02 250 1.91 76 21

7 200 1.88 200 1.84 77 20

8 150 1.58 150 1.57 75 18

9 100 1.24 100 1.34 76 18

10 50 1.02 50 1.21 77 19
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accurateandhighlyefficientsystemthatcanbeusedforthepatient’ssafetyathospitals.Itisfully
automatedandalmostneedsnoexternalsupervision,reducingtheburdenofthenursesandstaffin
hospitals,andminimizingerrors,providingareliableandhighlyefficientmechanismformedicaluse.

Inconclusion,theproposedsystemcouldbeusedinahospitalenvironmenttomonitorthepatient
conditionduetoitsaccuratemeasurementofvitalparameters.Theresultsindicatedthatthesystem
producedanaverageerrorpercentageof3.2%ofthepulserateand4.3%oftherespirationrate.

Finally,theproposedwirelessmonitoringsystemalsofacilitatesthecommunicationbetween
thehospitalandthepatient’sroomthroughtheGSM.Thiscontextcanbeusedwiththestandard
bedside patient monitor and healthcare centers in rural areas for continuously monitoring the
physiologicalparameters.

Table 5. Comparison analysis of proposed monitoring system

Ref Sensor Software Hardware Wireless module

S.Josephetal.2019 Levelsensor EmbeddedC ATmega
microcontroller Bluetooth

V.Cayaetal.2019 Driplevelsensor EmbeddedC RaspberryPi
Processor,Servomotor Webserver

K.R.Ranietal.2017 PressureSensor EmbeddedC Amplifier,
Microcontroller nrf24L01

S.Yadavetal.2016 IRSensor EmbeddedC ARMCortexM3,
Servomotor Wi-Fi

Rayetal.,2019 Ultrasonic,IRsensorand
Loadcell EmbeddedC Atmega328controller ESP8266module

Rashidetal.2017 FlowSensor EmbeddedC Atmega2560controller Bluetooth

Proposedmethod Straingauge,Pressure,PPG
andPiezosensors

LabVIEW/
EmbeddedC Atmega128controller GSM
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