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Abstract—Breathtestsarethenon-
invasivemethodsforclinicaldiagnosisoftherespiratorydiseases.The
respiratorysoundsignalcanbeprocessedusingseveraltechniquesfor
diagnosticinformation. Computerizedanalysiscanfacilitatethedete
ctionofchangesinrespiratorysoundandstoring.Thismayhelpinthed
iagnosisofrespiratorydisordersandtreatmentforapatientssufferin
gfromvariousrespiratorydiseases.Thispaperisintendedtodescribe
thepotentialapplicationsofbreathepressureandsoundsignalsmeas
uredusingacousticsensorfromnostrilsindiagnosingrespiratorydise
asesusingfeatureextractionandpatternrecognition.
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[. INTRODUCTION

Research,productdevelopment,andnewapplicationsofbreathsi
gnalprocessinghavealladvanceddramaticallyinthepastdecade.I
thas,potentially,
twogreatadvantagesoverothermeanstheyare,completenon-
invasivenessandvirtuallylimitlessrepeatabilitywith
respecttofrequency,access,andcost. Mostofthepulmonarydisea
sescausesbreathedisorders.Characterizingofbreathe
soundsignalshelpsinthediagnosisofbreathedisorder.Diagnosis
ofbreathedisorderbybreathesignalprocessingisasubjectiveproc
ess.Thelimitationofitcanbeovercomebyusingdigitalsignalproc
essingtechniques|3].[4]. Thequantificationandanalysisofnoisef
reebreathesoundsignalwillbehelpfulforbetterdiagnosis. Artifact
suppressionisneededforautomaticdiagnosisofbreathedisorder.
Recordingof
breathesoundsignalandsignalprocessingtechniquesare
neededforautomaticdiagnosisofbreathedisorder. Artifactsuppre
ssionisdoneusingfrequencydomainandadaptivefilteringtechni
queandthecharacterizationofrespiratorysoundsignalisdoneusi
ngspectralanalysisandpowerdensityspectrum.

II. PROCESS

Eachandeverypersonhastheirownbreathepattern. Thepressurev
ariationfromeachpersonisdifferentbutliesinacertainrangeforth
enormalpersonsandthepersonswhohavebreatheproblems.
Theacousticsensorisplacednearthenostrils;anacousticsensorisc
apableofsensingboththepressureandsoundvariations. Acommo
nsymptominalltherespiratorydiseasepatientsisshortnessofbrea
th.Thepressurevariationsandthesoundfromthenostrilisrecorde
dusingthecombinationofacousticsensorandaUSBsoundcard,a
USB soundcard is an internalcomputerexpansion card

whichfacilitatestheinputandoutputtoandfromacomputerunderc
ontrolofcomputerprograms.
Adatabaseofbreathesignalpatternsweretakenfromtenrandomly
selectedsubjects,foreachseparatebreathingdisorder. Abreathes
oundrecorderinstrumentwasusedforrecordingthebreathingsou
ndsignal. Amicrophonebaseddevelopedsensorwasusedforrecor
dingbreathesignalsofnormalanddiseasedpersons. Twosignalsw
eretakenintoaccountonesignalwithbreathingandotherissignalw
ithoutbreathing.Fromthisanaveragepatternandfrequencyforeac
htimeinstantisobtainedandtherespectedvaluesisstoredinthedat
abase.Thebreathsignalvaluescalculatedfrompatientsatrealtime
isthencomparedwiththeaveragecalculatedvaluesfromthedatab
aseandtherespecteddecisionisgiveninthedisplayunit.
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Fig.1Block diagram
A. Acousticsensor
Asensorisusedtomeasure(sense)anenvironmentandconvertthisi
nformationintoadigitaloranalogdatasignalthatcanbeinterpreted
byacomputeroranobserver. Anacoustic wave
sensorisanelectronicdevice thatcan
measuresoundandpressurelevels.Itproduceselectricalchargesa
saresult ofmechanicalstress.Thesignalis then recordedin
thecomputerusingtheUSBsoundcard.
B. Recordingunit
Hereweusedigitalrecording,digitalrecordingandreproductionc
onvertstheanalogsoundsignalspickedupbythemicrophonetoadi
gitalformbyaprocessofdigitizationbecausedigitalsignalscanbe
easilyinterpretedbycomputerprogramssuchasMATLABfornoi
sereductionandArtifactsuppression.
C. SignalAnalysingUnit
TheSignalanalysingunitisusedtoanalysetherecordedsignalandt
osuppresstheartifactsusingthecombinationofadaptive
andfrequency domain filtering. There arethree
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maincomponentsinthecombinationmethodtheyare,theinput
orprimarysignal,thenoisesignal(heartsignal&othermuscleartif
act)andthefilteredoutputsignal.Inthistechniquetherecordedsign
alduringnormalbreathingofnormalpersonordiseasedpatientisth
eprimaryinputandthesignalrecordedwithnormalbreathing
isareferenceinputsignal.breathesoundisconsideredastheprimar
ysignalforanalysis,apartialoverlapbetweenthebreathesignalan
dtheheartsignalisprovidedastheprimaryinputfortheadaptivenoi
secancellationtechnique.Theheartsoundsignalistakenastherefe
renceinputsignalandtheartifactmixedbreathesignalistakenasth
e primary input.
Thenoisesignalconsistsoftheheartsignalandotherartifactnoises.
ToremovethehighfrequencyartifactnoisesFIRfilteringis
appliedtoboththesignals. Theoutputisthesignalwhichisdetermi
nedbysubtractingthereferencesignalfromtheprimarysignal.
e(n)=b(n)-m(n)
Where,b(n)isthebreathsound, m(n)istheheartsoundandotherhig
hfrequencyartifactnoisesande(n)isthede-
noisedbreathsounds([5].
Wealsoobservethesignalpatterns,westudytherelationshipsbetw
eenvarioussignalpatterns, westudythechangesinsituations
andcometoknow about
theevents,westudyeventsandthusunderstandthelawbehindthee
ventsandusingthelaw, wecanpredictfutureeventsusingpatternre
cognition.
D. DecisionSupportUnit
Theestimatedmean,frequencyrangeandthewaveformpatternoft
hede-
noisedinputbreathesignalisgiventothedecisionsupportunit.Inth
is unittheestimatedvalue
iscomparedwiththepreviouslycalculatedandstoredmeandataba
sevaluesfromvariouspatientswithvariousbreathediseases. After
comparingitthedesired outputis giveninthedisplayunit.

III. ALGORITHMIMPLEMENTATION

Breathesoundsignalsaredifficulttoprocessduetotheinterference
oftheheartsoundsandthevarioushighfrequencyartifacts. Thisisr
emovedbythecombinationalmethodofadaptiveandfrequencyd
omainfiltering. TheprocessingofthesesignalswasdoneinMATL
AB.The
IFFTofthesignalswereplottedusingMATLABtoobservethediff
erentfrequencyrangesofthesignal.Powerspectrumversesfreque
ncies,ofthefilteredrespiratorysoundsignalswereplotted. Peakof
thewaveformwasfoundatthemaximumvalueofthepowerdensity
.Thefrequencyvaluewascalculatedanddependinguponthisfrequ
enciesfromvarioussubjectsthereferencedatabasevaluesarecalc
ulatedandtheabnormalitiesinbreathesoundsignalsaredecided.

IV. RESULTSANDANALYSIS

Theresultsshownbelowarethesimulationoutputoftheinputsigna
Isfromvarioussubjectswithoutheartsoundsandothermuscleartif
actsfromthecombinationmethodofadaptiveandfrequencydoma
infiltering usingM ATLABsimulationsoftware.
Thewaveformforasampleobtainedfromapersonwhodoesn’thav
eanybreatherelatedproblemsusingM ATLABisshownbelow,
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Fig.2Waveformofnormal personwith no breathingproblems

Thefrequencyrangeofanormalpersonwhodoesn’thaveany
breatherelatedproblems,isfoundtobeintherangeof(-0.05-
0.05)hertz.
ThelFFTwaveformforasampleobtainedfromapersonwhodoesn
"thaveanybreatherelatedproblemsusingM ATLABisshownbelo
w,
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Fig.3IFFT plotof normalpersonwith no breathingproblems
FromthelFFTplotthefrequencyrangeofnormalpersonwithnobre
athingproblemsisfoundtobeintherangeof(0-0.05)hertz.
Thewaveformforasampleobtainedfromapersonwithwheezingp
robleminthenormalconditionusingM ATLABisshownbelow.
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Fig.4Waveformof apersonwithwheezingproblem in normal condition
Thefrequencyrangeforasampleobtainedfromapersonwithwhee

zinginthenormalconditionisfoundtobeintherangeof(-0.2-
0.2)hertz.



ThelFFTwaveformforasampleobtainedfromapersonwhohasw
heezingprobleminhisnormal
conditionusingMATLABisshownbelow
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Fig.SIFFTplotof apersonwithwheezingproblemin normal condition
FromtheIFFTplotthefrequencyrangeofapersonwithwheezingp
robleminnormalconditionisfoundtobeintherange(0-0.2)hertz.

Thewaveformforasampleobtainedfromapersonwhohaswheezi
ngproblemduringwheezingusingM ATLABisshownbelow,
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Fig.6Waveform of personwithwheezing problemduring wheezing

Thefrequencyrangeofapersonwithwheezingproblemduringwh
eezingisfoundtobeintherangeof(-1.0-1.0)hertz.
ThelFFTwaveformforasampleobtainedfromapersonwhohasw
heezingproblemduringwheezingusingM ATLABisshownbelo
w,
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Fig.7IFFTwaveformofpersonwith wheezing problemduring wheezing

FromthelFFTplotthefrequencyrangeofapersonwithwheezingp
roblemduringwheezingisfoundtobeintherangeof(0-1.0)hertz.
Thewaveformforasampleobtainedfromapersonwhohascoldusi
ngMATLABisshownbelow,
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Fig.8Waveformof apersonhaving cold
Thefrequencyrangeofapersonwithcoldisfoundtobeintherangeo
£(-0.15-0.1)hertz.
ThelFFTwaveformforasampleobtainedfromapersonwhohasco
IdusingMATLABisshownbelow,
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Fig 9IFFT Waveformof aperson havingcold

FromthelFFTplotthefrequencyrangeofapersonwithcoldisfoun
dtobeintherangeof(0-0.15)hertz.

V. CONCLUSION

Theresultswehaveobtainedareaftereliminatingtheheartsoundan
dtheothermuscleartifacts.BycomparingtheMATLABsimulatio
nresultforthepre-
storedbreathsignalsofawheezingpatientintheirnormalandabnor
malstateswiththesimulationresultobtainedforthepre-
storedbreathsignalofa normalpersonandacold patient,
itisclearlyseenthatthereisaheavyfrequencyvariationinthesignal
sobtainedfromanormalpersoncomparedtothatofawheezingand
coldpatient. Anormalperson’ sbreathingfrequencyliesintherang
e(-0.05—
0.05)hertz,awheezingpatientsbreathingfrequencyinnormalcon
ditionliesintherange(-0.2—
0.2)hertzandinsevereconditionliesintherangeof(-1.0—
1.0)hertzandthecoldpatientsbreathingfrequencyliesintherange
of(-0.1-
0.1).Fromthisitisclearthateachrespiratorydiseasepatientshaved
istinctbreathpatternandfrequencyrange.Hence,iftheprocessisfu
rtherrefinedrespiratorydiseasescanbeidentifiednon-
invasivelyandtreatedeffectively. Thiswouldeliminatetheexpens
ive



testsusedfordiagnosingtherespiratorydiseasessuchastheBronc ~ [22]
hitis,Sinusitis,PneumoniaandGastricproblem’setc.

[23]
REFERENCES

[1]JA.R.A.Sovijarvi,J.Vanderschoot,andJ .E.Earis, “Standardiz
ationofComputerizedRespiratorySoundAnalysis,”Eu
rRepairRev,vol10(77),pp.58,2000.

[2] J.E.Earis,B.M.G.Cheetham, ‘CurrentMethodsused
forComputerized RespiratorySound
Analysis,”EurRepairRev;vol10(77),pp.585-590,2000.

(3]
Z.M.K.Moussavi, “‘RespiratorySoundAnalysis,”IEEE
EngineeringinMedicine&BiologyMagazine(0739-
5175,2007.

(4]

Z.M.K.Moussavi,“Separatingheartsoundfromlungss
ounds,”IEEEEngineeringinMedicine&BiologyMaga
zine,2007.

[5]Z.M.K.Moussavi, ‘FundamentalsofRespiratorySound Analy
sis,”Morgan &Claypool,FirstEdition.

[6] W.F.Ganong, “Review
ofMedicalPhysiology(SeventeenthEdition),NewJers
ey,PrenticeHall,1995.

[7] Guyton&Hall, ” Atextbook of
MedicalPhysiology”’, TenthEdition,printedinIndiaatG
opsonsPaperLtd.,Noida201301.

[8] Johnson, L.R.,’Essential = Medical Physiology
(SecondEdition).Philadelphia,LippincottWilliams
&Wilkins,1998.

[9] MedicineNet.com,article.htm.

[10]T.E.AyoobKhan,Dr.P.Vijayakumar,”’SeparatingHeartsou
ndfromlungsoundusinglavView”,InternationalJourn
alofComputerandElectricalEngineering,Vol.2,No.3,J
une,20101793-8163.

[11]RahmanJamal,MikeCerna,JohnHanksDesigningFiltersUs
ingtheDigitalFilterDesignToolkit.

[12]Emmanuel.C.Ifeachor,Barrie.W.Jervis,DigitalSignalProc
essing.

[13]EdwardP.Cunningham,DigitalFilteringAnIntroduction,Jo
hnWiley&Sons,Inc.1995.

[14]HaykinS,AdaptiveFilter
Theory,2ndEdition,UnitedStatedof American:Prentic
emHall,Inc.1991.

[15]KTristerLandernas,ImplementationofDigitalFiltersUsingD
igital-
SeriesArithmetic’s,Departmentofelectronics,Licentia
tethesisNo0.23,2004.

[16] http://www.dsptutor.freeuk.com/dfilt2.htm
Accessedon2008-11-22

[17]
http://www.intersil.com/data/AN/an9603.pdfAccessed
on2008-11-21
[18] NicholasJohnLoy,AnEngineer’sGuidetoFIR
DigitalFilters,PrenticeHall,1988.
[19]CedricKeip,DesignofaFiniteImpulseResponseFilterCoeffi
cientsComputationtoolusingEvolutionaryStrategiesa
ndExtensiontoFilterBankDesign,2004.

[20] Terrell, TrevorJ. IntroductiontoDigital Filters.
SecondEdition,London:Macmillan,1980.
[21]ThomaslJ. Cavicchi, John, DigitalSignal

Processing, Wiley&Sons,Inc2000.

http://dualist.stanford.edu/~ee265/wwwSept

2006/docs/digital_filters.pdfAccessedon2008-11-22

“Pressures generatedduring nose
blowinginpatientswithnasalcomplaintsandnormaltest
subjects*”’PeterClementandHanaChovanova,Depart
mentof ENT,H&NSurg,FreeUniversityHospitalBruss
els(AZ-
VUB),Laarbeeklaan101,1090Brussels,Belgium,Rhin
ology,41,152-158,
2003

78




