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ABSTRACT

Thispaperproposesanewapproachfornon-invasivecuff-lessarterialbloodpressure(BP)estimation
usingpulsetransittime(PTT).TheECGandPPGsignalswereacquiredatasamplingrateof500Hz.
Standardcuff-basedsphygmomanometerisusedtotakereferenceBPandheartratesimultaneously.
ThehardwarefortheacquiringtheECGandPPGsignalsweredesignedandfabricatedandwere
madeandstudywascarriedoutwith60subjectsduringvariousactivities.Theobjectiveof this
workistoestimatethesystolicBPanddiastolicBPusingPTTtechniquesandtoapplyregression
analysisusingmachinelearningmethodsforestimatingtheBP,comparetheresultswithrecording
simultaneouslycarriedoutusingthestandarddevices.TheproposedworkconcludesthatAdaBoost
algorithmhashighestaccuracyinestimatingsystolicanddiastolicBPvalues.Thereadingsobtained
areinaccordancewiththeAHAstandardsandareinacceptablelimitsandcanbeusedformeasuring
BPinwearabledevices.
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1. INTRodUCTIoN

BloodPressure (BP) is the forceexcretedby thebloodon thebloodvesselsandarteriesduring
circulation.Thepressurereducesasthebloodflowsawayfromtheheart.BPisoneofthemostvital
parametersstudiedandanalyzedinmedicalandhealthcaresystems.Thebloodpressurevarieswith
everyheartbeatandthepressureishighestwhentheheartcontractsandpumpsthebloodtoarteries,
knownasSystolicBloodPressure(SBP).Duringtherelaxationintervaloftheheart,thepressureis
leastanditisknownasDiastolicBloodPressure(DBP).Awearablephysiologicalmonitoringsystem
developedbyPandianPSetal(2008)named‘SmartVest’,measuresandtransmitsbiomedicalsignals
likeECG,PPG,GSR,bloodpressureandbodytemperaturetoaremotemonitoringsystem.Theheart
rateisderivedfromtheECGsignals.Thesystolicanddiastolicbloodpressuresarederivednon-
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invasivelyusingPulseTransitTimetechnique.Attheremotebasestationnon-invasiveBPcomputation
iscarriedoutusingthecalibrationequationandthetrendanalysisisdone.HeikoGescheet.al(2011)
haveproposedthatthereisacorrelationbetweenpulsewavevelocity(PWV)andSBP.Theaimof
thestudywastodevelopanonlinearalgorithmandaonepointcalibrationforthemeasurementof
SBP.ItwasfoundthatSBPcalculatedfromPTTwiththereferenceBPmeasuredfromcuff-based
devicehadacorrelationintherangeofr to= 0 69 0 99. .  anemphericalformulawasdevelopedto
calculate the SBP. Yan et.al (2007) proposed a novel calibration method for non-invasive BP
measurementusingpulsetransittimetechnique.IntheirworktheyexplainedthatPTTandBPare
linearlyrelatedbytheequationPTT a BP b

eq
= ⋅ + wherea&bareconstants.Assumingthatthe

pressureunderarmcufflinearlydecreasesacrossthearterythen:

BP P
L L P

L Leq
= −

+( )
+0

1 2

1 2

0 5. ∆


whereL1&L2representscuffwidthandthearterylengthfromthecufftothefinger,P0isthemean
BPattheheartand∆P istheinternalpressuredropundercuff.Withthesecalibrationequations
theycalculatedtheBPnon-invasively.WanSuhaimizanZakiet.al(2016)havedevelopedasystem
forcontinuouslymonitoringthebloodpressurewithoutusingthecuff.Inthismethod,twotypesof
PTT were measured. In the first method PTT1was measured at the fingertip and the PTT2was
measuredat thebrachialartery.TheexperimentshowedthatPTT1hasgoodcorrelationwithBP
whereasPTT2hasweakcorrelation.

QingxueZhanget.al(2017)developedahighlywearablecuff-lessbloodpressureandheart
rate(HR)monitoringsystem.InthisstudydifferentSBPmodelswereusedforBPestimation.
Someofthemodelsusedare1)SBP a PTT b= ( )+* ln ;2)SBP a PTT b HR c= ( )+ ( )+* ln * ln 
theabovemodelswereusedforSBPestimation.ThefirstmodelisSBP-PTTmodelandthesecond
modelisSBP-PTT&HR.ThestudyrevealedthatperformanceoftheSBP-PTT&HRmodels
weremuchbetter than theSBP-PTTmodels.Acalibration freemethodwithhighaccuracy to
estimateBPwasproposedbyMohamadKachueeetal(2015).ItusesHRandfeaturesfromPTT
andPPGastheinputsformachinelearningalgorithm.ThefeaturesofPTTare1)PTT1:thedistance
betweenECGRpeakandPPGpeak.2)PTT2:thedistancebetweenECGRpeakandminimum
pointofPPG.3)ThedistancebetweenECGRpeakandthemaximumslopeofPPG.Withthese
pointsasinput,theBPisestimatedusingANNandSVMalgorithms.SurendhraGolietal(2014)
haveshownthatPulseWaveVelocity(PWV)hasstrongrelationwithBP.Thealgorithmusedin
this method is BP a PWV b= +*  where PWV is derived using the pulse transit time. The
calibrationconstantsaandbwascalculatedusingtheleastsquaremethod.Thelinearregression
equationwasused for findingSBP&DBP.ZunyiTangetal (2016)presentedanunobtrusive
continuousBPmonitoringsystembasedonPulseArrivalTime(PAT)forlongtermhomecare
monitoringofelderlypeople.PATisdefinedasthetimeintervalbetweenR-peakofECGandthe
firstderivativeofPPGinthesamecardiaccycle.ThestudyshowedthatPAThaslinearcorrelation
withSBPandnon-linearcorrelationwithDBP.NiranjanKumaret.al(2014)intheirworkhave
developedthecalibrationequationsforestimatingBPusingtheheartrate,pulsetransittimeasthe
inputs.OlehViunytskyiet.al(2020)haveproposednoninvasivecufflessbloodpressuremeasurement
usingmachinelearning.InthisworktheECGandPPGsignalwereacquiredandthenthepulse
transit time is computed.From this the systolic anddiastolicBP is computed.The results are
comparedwiththestandardBPinstruments.

SenYanget.al(2021)haveproposedanoninvasivecufflessbloodpressureestimationusing
deeplearningmodel.inthisworktheECGandPPGsignalsareacquiredfromthehardwareand
thepulsearrivaltime(PAT)iscalculated.fromthePPGsignalthesystolicandthediastolicpeaks
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