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ABSTRACT

Thisworkfocusesonthedevelopmentofanautonomous,electronicplatformbasedonbioacoustic
techniquestomonitoranimalsoundsrelatedtoingestiveactivitiesandsub-activitiesinbeefcattle.The
authorshavedevelopedanelectronicplatformthatleveragetheusageofapplicationstopredicthealth
andwelfareconditionsbasedonthebioacousticsignals.Theplatformarchitectureiscomprisedof
electronicsubsystemscoveringthesignalacquiringandfiltering;sampling,processing,datastorage
system;andthecouplingoftheelectronicandcomputing.Theplatformiscoupledtotheanimal’s
haltersothattheelectronicsystemisinacaseontheanimal’sforehead.Experimentswereperformed
ongrazingcattle(Nelorebreed)inthreefieldtests.Thesystemwasfullyabletoacquire,process,and
storetheanimal’sbioacousticsounds.Theauthorsusedanaudiofileprocessingsoftwaretoidentify
ingestiveactivitiessuchasgrazing,rumination,andidleperiods.Theresults,basedonthesignal
waveform,achievedhighaccuracywhencomparedtothevisualmonitoringmethod.
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INTRodUCTIoN

Marketdemandshave raised the levelof requirements concerningqualityof foodproducts, and
specifically,thequalityofanimalproducts(milkandmeat).Suchdemandsencourageresearchon
factorsthatinfluencebehaviourparametersthataredirectlyorindirectlyrelatedtoanimalhusbandry,
suchasanimalwelfare.

The behaviour of an animal can be a clear indicator of its physiological state (Frost et al.,
1997).Underthermalstress,cattlechangetheirbehaviourasawaytoregulatebodytemperature
andtomaintainhomothermia(Volpiet.al.,2020).Thesemechanismscanbephysiologicaland/
orbehavioural,includingchangesiningestivebehaviourasawaytoovercomeadversesituations,
whetherrelatedtoenvironment temperatureor to thequalityandquantityoffoodavailable.The
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ingestiveactivities(grazingandrumination)canbeindicatorstheanimalhealth,welfareornutrition
status(DeBoeveretal.,1990),oncethatananimalchangesitseatinghabitswhenithasitsroutine
modifiedduetophysicalchangesinthebodyortheenvironment.Monitoringingestivebehaviouris
aprocedurethathelpsearlydetectionofdiseases,improvingwelfareandreducingeconomiclosses.

Onecommonlyadoptedproceduretomonitoringestivebehaviourincattleisthevisualmethod
(Figure1,item2).Thismethodallowsexpertstoidentify,whilecattlegrazing,activitiesandjaw
movementsrelatedtoingestivebehaviour.Thisprocessrequirestheobserverstobeatasignificant
distancefromtheanimalsinordernottodisrupttheirnaturalroutine.Expertsareresponsiblefortaking
notesoningestivebehaviourandanimal’senvironmentandpositioningdata(weather,temperature,
animalposition,etc).Despitebeingawell-knownandsimpleprocedure,thevisualapproachlacks
scaleandaccuracy,sinceitisatime-consuming,anderror-pronemethod,requiringanexperttobe
onsite,monitoringtheanimal,andtakingnotesofitsactivities(Volpiet.al.,2020).

Thisworkpresentsanon-invasivedevicetomonitoringestivebehaviourbasedonthebioacoustic
technique(Figure1,item1).Thebioacousticstechniqueisatooltocharacterizeanimalbehaviour
fromthesoundstheyproduce.Theno-vocalsoundsproducedbythejawwhenperformingactivities
relatedtoingestivebehaviourarethefocusofmanystudies(Volpiet.al.,2020),(Chelottiet.Al.,
2016).Thosestudieshaveusedthebioacousticstechnique,visualmethod,andlabellingmethodfor
validationpurposes.

TheLabelingmethod(Figure1,item3)iscommonlyusedinbioacousticsdatatocharacterize
eventsandcompareresultsaswellasitworksasanimportanttoolinthedatasettrainingformachine
learning algorithms (Tullo et. al., 2017), (Chelotti, et. al., 2016). It consists in the observation,
extraction, identification, and classification of individual animal sounds based on amplitude or
frequencyof thesoundsignal (Tullo,et.Al.,2017).Figure1presentsBPMN(BusinessProcess
ManagementNotation)diagramscorrelatingthebioacousticstechniquetothevisualmethodand
labelingmethod.Thebioacoustictechniqueusesthevisualmethodandlabellingmethodtoperform
thevalidationprocessandtoserveasabasisforsounddatacapture.

Wehavedesignedanddevelopedalow-cost,non-invasivecomputationalandelectronicdevice
fortheacquisition,processing,storage,andtransmissionofbioacousticssignalsingrazingcattle.
WehaveevaluatedthedeviceingrazingNelore(Bos indicus)cattleandcomparedtheresultstothe
visualtechniquetoidentifyingestivebehaviouractivities.Inadditiontotheflexibilityandautomatic
dataacquisitionbroughtbythedevice,ourtestsshowedthattheproposedsolutionachievedhigh
accuracycomparedtothevisualtechniqueondetectingactivitiessuchasruminating,idle,andgrazing.

RElATEd woRK

Inordertomeetscaleaccuracydemands,automatedsolutionsarebeingdevelopedtoreplacethe
visualmethod.Someautomatedsolutionstodetectanimal’singestivebehaviourhasbeenbasedon
accelerometery,electromyography,pressuresensors,andbioacoustic(Andriamandrosoet.al.,2016).
Amongthosetechniques,bioacoustichasshowntobeapromisingsupporttoolbyacquiringdata
onfeedingparameters(bitingandchewingevents)toperformdetaileddataanalysisandtopredict
cattlewelfarebasedongrazing,rumination,andidleactivities.

Mostoftheresearchworkonbioacousticsignalsfocusedonthedevelopmentofalgorithmsto
predictbehaviourorproposinghardwarebasedoncommercialcomponents(recordsandmicrophones)
(Volpiet.al.,2020),(Clapham,et.al.,2011),(Miloneet.Al.,2012),(Chelotti,et.al.,2016),(Deniz
et.al.,2017),(Laca&WallisDeVries,2000).Proposalsfocusingonoff-the-shelfcomponentsalong
withthevisualmethodwereusedtoidentifyingestiveactivitiesachievinganaccuracyofup95%
(Claphamet.al.,2011),(Laca&WallisDeVries,2000).

Artificialintelligencetechniqueshavebeenusedinjawmovementsrecognitionsoftwaresfor
ingestivebehaviour,suchasHiddenMarkovModels(Miloneet.al.,2012)andMachineLearning
(Navonet.al.,2013)achievingaccuraciesof94%.Othersauthors((Navonet.al.,2013)and(Chelotti
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et.al.,2016))adoptedtimedomaintechniquestoidentifyeventsthatcharacterizedjawmovements
oftheingestivebehaviouranddevelopedanalgorithmcapableofidentifyingandclassifyingjaw
movementsofingestivebehaviourwithaccuracyof97.4%.Fewstudiesfocusedonthedevelopment
ofdevices for ingestivebehaviourmonitoring.One themost recent studies (Denizet. al., 2017)
aimedtodevelopaplatformwithalargesetoffunctionalitiesforreal-timemonitoringofingestive
behaviour.Thetestswereperformedinthelaboratory,whereadatabaseoflabeledsoundsofjaw
movementsoftheingestivebehaviourwasreproducedprovidingaccuraciesonidentificationof92%
andclassificationof78%.

Despitemanymethods,algorithms,andprototypes,thereisstillagapinproposalsfocusingon
devicesandtechnologiesthatshowfeasibilityatfieldusage.Thefocusofthepreviousworkhave
beenonmonitoring ingestiveparametersondairycattle.Forgrazingbeefcattle, suchasNelore
breeds,viabletechnologicalsolutionsshouldbedurable,autonomous,andnon-invasivetomeetthe
animal’sbehaviour.

ElECTRoNIC dEvICE

Wehavedesignedanelectronicdeviceforbioacousticssignalacquisitionthatisusedontheanimal’s
forehead.Theelectronicdevicelocationisbasedonpreviouswork(Miloneet.al.,2012),(Deniz
et.al.,2017)and(Volpiet.al.,2020)indicatingthatingestivesoundscanpropagatealongtheskull
thusbeingabletobeacquiredinapointoflessattenuation.Theelectronicdeviceiscomprisedof
subsystemswhichareprototypedinPrintedCircuitBoardsandstoredinacase,whichisonthe
animal’sforehead,aspresentedinFigure2.

Figure 1. BPMN diagram of bioacoustic technique applied in grazing cattle
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The subsystems are organized to Figure 3: acquiring and filtering system (subsystem 1);
processing,storageandtransmissionsystem(subsystem2);andreceptionofbioacousticssignals
system(subsystem3).

Acquisition and Filtering of Bioacoustics Signals Subsystem 
Thissubsystemacquiressignalsofmandibularsounds(Figure4(A),item5)usingamicrophone
capsule(A,1),wrappedinaninsulationmaterial(smoothacousticfoam).Thelowamplitudesignals
oftheelectretcapsuleareamplifiedbyacircuitinaninvertingtopology(A,2)andabiasDCcircuit

Figure 2. Electronic circuits are embedded into a case on the animal’s front head band

Figure 3. Block diagram of the bioacoustic device
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(A,3)performsanoffsetsignalof2V,whichenablesthesignalstobereadbyananalog-to-digital
converter.Theamplificationfactorisperformedbyadigitalpotentiometer(A,4)designedwitha
CD4066IC(Figure4(B)).Theacousticfoampreventstheinfluenceofnoisescausedbywind,other
externalnoises,andsoundscausedbytheanimalitself.Ananalogfilterisusedtominimizeunwanted
signals(noise).Thefilter(A,8)isafourth-orderButterworthtype,composedoftwosecond-order
filtersincascadebySallen-Keytopology(items6-7inFigure4(A)).Thefiltercut-offfrequencyis
2.6kHz.

Thefourresistors(R11,R5,R14,andR15)inFigure4(B),areenabledbytheselectionswitches
oftheCD4066IC(JP2andJP3inFigure4(B))bydigitalportscontainedinthemainboard(item
7inFigure5),providingaminimumresistanceof1kOhm(approximateinternalresistanceofthe

Figure 4. Acquisition and filtering subsystem electronic schematic (A) and digital potentiometer design (B)
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CD4066IC)upto200kOhms(whenalltheselectionswitchesaredisabled).Thepotentiometeris
connectedasshowninresistor6(Figure4(A),item4),attheinverterinputandattheoutputofthe
operationalamplifier,beingoneofthetoolstorealizethegainfactorofthemicrophone.

Processing and Transmission Subsystem 
Thissubsystem(Figure5)hasaninputforGPSVk2828u7g5lfmodule(5)capableofcollecting
animal’s location (latitude and longitude), a read and write module for micro SD cards (1) that
storesGPSdataandbioacousticssoundsdata,aRealTimeClockDS1307IC(3),anATMega1284p
microcontroller(4)fordataprocessing,amicrophoneinputforthemicrophonesystem(6)andan
HC06Bluetoothtransmittermodule(2).AllthemodulesandICsarerepresentedbytheelectronic
schematicinFigure5.

Thedevicepowersupplycircuit(Figure6)consistsofa1800mAh,3.7VLi-Ionbatteryoutput
(4),abatterychargermoduleTP-4056(1)withmicroUSBinterfaceforbatterycharging,aboost
moduleMT3608(2)thatconvertsthebatteryvoltagefromaninputof3.7Vtoanoutputof7.2V,
enoughtopowerupavoltageregulatormoduleLM7805(3),which(togetherwithtwocapacitors)
maintainthesupplyvoltageoftheentiresystemat5V.

Bioacoustics Information and data Reception Subsystem 
Thissubsystemreceivesdatafromtheprocessingandtransmissionsubsystem(Figure5)encodedin
PCM(PulseCodeModulation).ItisresponsibleforreceivingandstoringthesoundandGPSdata
filesinanindependentcomputersystem.ThesoftwarereceptionsystemwasdevelopedinPython
3.6language.Figure7showsaflowchartofthecommunicationprotocolthathasbeendeveloped
andtestedinlaboratory.

dEvICE PRoToTyPE

All subsystems were built on specific Printed Circuit Boards (PCBs) designed using Autodesk
Eagle™software.ThePCBsarestoredintoacasebasedonPolyLacticAcid(PLA)material.Figure
8(A)presentsallthetechnologicalapparatusdesignedinsidethecaseandprotectedwithsmooth
acousticfoam.

Thecaseisplacedontheanimal’sforeheadusingacustom-madehalter(Figure8(B))tofixthe
caseontotheanimal’sforeheadandneck.Thehalterhasatapethatallowsthecasetobefixedto
thecattleforehead(Figure8(B),item1),atapethatsurroundsthelowerpartoftheanimal’sneck

Figure 5. Electronic components for sampling, processing, and communication
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(2)andatapeforattachmenttothecontouroftheneck(4).Inaddition,aleatherband(3)passes
overtheanimal’shead.Thecasehas3.82incheslength,3.43incheswidth,3.54inchesheightand
aweightof350grams.

Table 1 shows the maximum continuous consumption (mA) for all subsystems. In Data
transmissionandLocalizationSubsystems(GPSandBluetooth)thedirectcurrentofthelocation
acquisitionsystem(GPS)is32mAwhendataisbeingacquiredandthemaximumconsumptionof
thetransmissionsystemis30-40mA,however,withoutdatatransmission,itsconsumptionisaround
8mA;inthestorageandprocessingsubsystem,themicroSDCardModuleconsumes200mAwhen
inwritemode.AcquisitionandFilteringSubsystemconsumesmaximumcontinuousof3.6mA,

Figure 6. Power supply system electronic schematic

Figure 7. Flowchart of communication between the receiver software and the platform
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where,TwoLM324areresponsibleforconsumingmostofthecontinuouscurrent(2.4mA).Power
SupplySubsystemconsumes8.3mAandLM7805isthecomponentthatconsumespracticallyall
thecurrentofthesubsystem(8mA).

ExPERImENTS ANd RESUlTS

ExperimentswerecarriedoutattheHighPerformanceComputingSystemsLaboratory(LSCAD)
oftheFederalUniversityofMatoGrossodoSul(UFMS)andatEMBRAPABeefCattletoobserve
andanalysetheplatformperformanceandsuitabilitytobeusedbyNeloreanimals.Thelaboratory
experimentstook20hoursandgeneratedabout300MBofsounddata.Experimentsandtestatfield
tookapproximately9hoursgeneratedabout254MBofnewsounddata.

Inordertotestandvalidatethedevice,weperformedexperimentsinthelaboratoryusinga
labelleddatasetfromgrazing,rumination,andidleactivities(Volpiet.al.,2020).Thedatasetconsists
ofbioacousticsingestivedatafrom12NelorecowsgrazingatapastureofBrachiaria brizantha.Each
animalwas30monthsoldandhadanaverageliveweightof400kg.Eachanimalusedagenericlapel

Figure 8. Electronic device case and and halter

Table 1. Main components and maximum current consumption

Component Components Maximum continuous total 
consumption (mA)

AcquisitionandFiltering
Subsystem

LM358
TwoLM324

CD4066
3.6

PowerSupplySubsystem
TP-4056
MT3608
LM7805

8.3

DataTransmissionand
LocalizationAcquisition

Subsystems

HC06
GPS–

VK2828U7G5LF
75

Processinganddatastore
subsystem

MicroSDCardModule
ATMega1284p
RTC–DS1307

LED5mm

225.5
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microphoneanddigitalvoicerecorder(Sony,100ICD-PX240™).Afterrecordingthesounddata,
expertslabeledthecollecteddatacomparingthebioacousticssignalstothevisualmethodannotations.

Weperformedanexperimenttoevaluateifourdevicecouldacquiresounddatafromthedataset
andtocomparethesignalswaveforms.Theexperimentwasreproducedinanacousticallyisolated
room,theaudiofilesrepresentingtheactivitiesoftheingestivebehaviourwerevisuallycomparedto
theexcerptsfromthedatasetusingtheOcenaudio™software.Eventhoughthedatafromthedataset
wereacquiredwithdifferentparametersforacquisitionandsampling(44kHzsamplingwasused
inthedatasetrecorder)comparedtoourdevice,theresultsshowedvisualandauditorysimilarity.

Another set of experiments were performed at the field, in a grazing paddock with water,
forageanddrymineralsavailable.TheseexperimentsusedtheplatformshowninFigure8.Thedata
acquisitionworkflowwasperformedaccordingtoFigure7.Thedataacquisitiontimeintervalwas
setupbeforethestartofeachexperiment.Thetransmissionsystemwasnotenabledatfieldtestsso
thatallsounddatawerestoredandavailableintothemicroSDcard.

Figure9showsimagesofthefieldtestscarriedoutattheintheAgriculturalResearchCorporation
(EMBRAPABeefCattle).Animalswere20monthsold(Neloreheifers).Table2presentsthedate,
time,batteryconsumptionlevel,sounddatarecordsetupandthemainresultsofeachtest.

AspresentedinTable2,thefirsttestwasperformedonOctober26th,2018.Itallowedforfine-
tuninginthehalter,circuits,andcase.Thesecondtest(November26th,2018)showednormalcircuit
operationinsoundcaptureanddatastorage.ThetestonDecember21st,2018,targetedplatform
validation so that an expert, using the visual method, was taking notes on ingestive behaviour

Figure 9. Animal using the bioacoustics device while grazing

Table 2. Summary of the field tests

Date Hour Battery (V) Sound data setup Results

October26th,
2018 08:55-09:17a.m. 4.12–4.06

1minuteperfile,
3minutesinterval

betweenrecordings

Halterandcircuitcase
validation

November30th,
2018 08:38-10:35a.m. 4.11–4.02

Normalcircuitoperation
forsoundacquisitionand

datastorage

December21st,
2018 08:15-02:07p.m. 4.20–3.89

2minutesperfile,
3minutesinterval,
betweenrecordings

Acquisitionandstorage
dataandcomparisonof
bioacousticsdatawith
analysismadethrough

visualobservation
method
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(rumination,grazing,andidle)fromoneanimalevery10minutes.Someextrasamplestothesampling
periodwerecollected,asweaimedtocollectasmanysamplesaspossiblefromthethreeactivitiesof
ingestivebehaviour.Weperformedavisualandauditoryanalysisoftherecordedsoundsandcompared
theactivitiesoftheingestivebehaviourtothevisualmethodusingtheOcenaudio™software.

Figures10and11show,respectively,soundpatternsofgrazingandruminationactivities.Figure
12presentssignalfoundwhentheanimalperformssomeothertypeofactivity(idle).InFigures
10-12theverticalaxisrepresentstheanaloguesignalwaveformandtheHertzvaluesoffrequencies.
Thehorizontalaxisrepresentstheelapsedtimeinmiliseconds.

Theanalysesof soundsamples inFigure10showed thatgrazingevents ranged from0.4 to
1seconds(incontinuousstreamofactivity),whereeacheventhadhighersignal intensities than
rumination.Variationsonsignalintensityoccurduetothebiteevents(whichareresponsiblefor
signalswithgreateramplitudes),chewevents(signalswithoutsteep,moderatepeaks)andchew-bite
events,acombinationofbothmovements.Grazingsignalsshowedhigherenergypeaksatfrequencies
upto4kHzwhichcorroboratetosomepreviousscientificstudies(Volpiet.al.,2020),(adriamandroso
et.al.,2016).

Ruminationactivitywascharacterizedwithalowamplitudeofsignals.Thesignalswithlow
amplitudecanbeexplainedconsideringthatachewingofregurgitatedforageoccurs,requiringalower
chewingintensitycomparedtothegrazingactivity.Ruminationeventswereidentifiedatintervalsfrom
0.5upto0.8seconds.Eacheventhad0.15to0.35seconds.Thefrequencieswithhigherintensities
werecharacterizedcloseto2kHz.

Table 3 presents a summary of comparing the manual labeling with the bioacoustic signal
identification from our device. The results are from the samples acquired in the experiment on
December21st,2018.

The periods where the device results indicate “Device was idle’” were attempts to acquire
locationdatausingGPSorbyprogrammedidleperiodsforpowersaving.Consideringtheperiods
thattheplatformperformedsignalsacquisition(disregardingtheperiodswheretheplatformwasidle),
comparedtothevisualmethod,thedataacquiredfromthedevicepresentedhighaccuracyforeach

Figure 10. Acoustic signals from the grazing activity
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activityoftheingestivebehaviour(grazing,rumination,andidle).Wecalculatethestandarddeviation,
samplemean,andvarianceofthesampledatafromtherumination,idle,andgrazingdatasets.The
varianceofthegrazingdatasetwas2.47,ruminationwas0.43,andidle0.27.Thestandarddeviation
foralldatasetswere1.57(grazing),0.66(rumination),and0.27(idle).Thesamplemeanwas102.8
(grazing),and102.9(idle).Sincetherearealargernumberofsamplesineachdataset(largerthan
1000000samples),themeandifferencewasnotsignificantamongtheacitivies.

Figure 11. Acoustic signals from the rumination activity

Figure 12. Acoustic signals from the idle activity
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CoNClUSIoN ANd FUTURE woRK

Thisworkpresentsanon-invasivedevicetoacquirebioacousticssignalsfromgrazingcattle.The
devicecanbeusedasasupporttoolonexperimentstoidentifyingestivebehaviouractivitiessuch
asidle,rumination,andgrazingfrombioacousticssignals.

Theexperimentsinlaboratoryaimedatidentifyingbioacousticswaveformpatternsfromeach
ingestiveactivityandimprovingthedesignofthedatatransmissionsystem.Theexperimentson
grazingcattleatfiledindicatedthatthedeviceseemssuitableforcattleusage,evenforlong-term
experiments.Wehaveusedthedevicelongerthan6uninterruptedhoursatfieldunderenvironmental
conditionssuchassunnyandrainyweather.Laboratorytestswerealsoperformedwasincontinuous
operationpresentinganautonomyofapproximately15hours.Theplatformreplacementtolowenergy
consumptionmoduleisoneoftheactivitiesweintendtotakeinaccounttoimprovetheplatform
energyefficienty.

Tothebestofourknowledge,theproposedelectronicplatformisafirstsolutiononautomatic
bioacousticssignalsacquisitionabletobeusedasalong-termtoolappliedtograzingcattle.The
electronicdevicecanbeusedbyapplicationsfocusingonautomaticallyidentifyingestiveactivities

Table 3. Comparison between the visual method and the bioacoustic device results

Hour Note Visual Method Bioacoustic Method 

11:00a.m. AWSS Idle Idle

11:10a.m. AWSS Idle Idle

11:11a.m. AWSS Idle Idle

11:12a.m. AWSS Idle Devicewasidle

11:20a.m. AWSS Idle Idle

11:26a.m. AWSBC Grazing Grazing

11:30a.m. AWSS Idle Idle

11:40a.m. AWSS Grazing Grazing

11:50a.m. AWSS Grazing Grazing

12:00p.m. AWSS Idle Idle

12:03p.m. AWSS Idle Idle

12:10p.m. AWSS Idle Idle

12:20p.m. ALDSW Rumination Rumination

12:30p.m. ALDSW Rumination Rumination

12:36p.m. ALDSW Rumination Rumination

12:40p.m. ALDSW Rumination Rumination

12:50p.m. ALDSW Idle Devicewasidle

01:00p.m. ALDSW Idle Devicewasidle

01:10p.m. ALDSW Idle Idle

01:20p.m. AWSS Idle Idle

01:24p.m. AWSS Grazing Grazing

01:30p.m. AWSS Grazing Grazing

01:41p.m. AWSS Grazing Grazing

AWSS = Animal was standing, sunny weather; AWSBC = Animal was standing, sunny weather and clouds; ALDSW = Animal lying down, sunny weather.
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andsubactivitiesfrombioacousticssignals.Itcanbealsousedasasupporttooltoaiddecision-
makersonprovidingmoreaccurateinformationoningestivebehaviour,allowingforpreciseanimal
monitoring,thatcanoptimizedietsandothermanagementpracticesthatleadtoimprovedanimal
welfareandperformance.
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