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Abstract 

In order to study the problem of rotating mechanical noise source identification, a 

time-space complex envelope model of monopole sound source is proposed, and the 

modulation method of complex envelope is given. According to the characteristics of 

the acoustic field radiation of the rotating mechanical noise source, different 

measurement distances, reconstruction distances and measurement points are selected 

to reconstruct the sound field. The simulation analysis results show that the near-field 

acoustic holography technology still obtains high acoustic field reconstruction accuracy 

under the condition of large reconstruction distance and requires few sampling points. 

Even with less measurement points, this method can obtain a better accuracy of 

acoustic field reconstruction. Using the envelope modulation technique to extract the 

envelope information and reconstruct the acoustic field can accurately identify the 

number of sound sources and geometric position distribution, speed up the data 

processing speed and ensure the reconstruction accuracy of the acoustic field. 

Keywords:near field acoustic holography; rotating machinery; spatial envelope; 

envelope modulation 

 

1.Introduction 

Near-fieldacousticholographyisaneffectiveacoustici

magingtechniqueproposedbyJDMaynardandEGWilli

amsetal.inthe1980s.Itobtainsthesoundfieldinformatio

nofunknownnoisesourcesthroughhydrophonesfixedo

nthemeasuringsurface.Theholographicalgorithmwas

usedtoreversethesoundsourceinformationtorealizethe

identificationandlocalizationofthenoisesource
[1]

.With

theeffortsofscholars,thenear-fieldacousticholography

technologyhasdevelopedrapidly.In2001,HaldJpropos

edtheTimeDomainHolographymethod
[2]

.Thebasicpri

nciplewastointerceptthesignalofasmalltimeperiodinth

elong-timesignalforanalysis,andthentheresultwasobta

ined.Thismethodsuccessfullyrealizedthesoundfieldre

constructionofmotorcyclebrakenoise.In2004,Ombeli

neusedthenear-fieldtime-domainplanescanningmetho

d
[3]

andproposedfourtime-domaincalculationmethodst

opredictthetransientsoundpressurefield.Theparamete

rsthataffectthetransientsoundfieldreconstructionaccur

acywereanalysedinsimulation,andthesoundfieldrecon

structionaccuracyofthefouralgorithmsunderdifferentc

onditionswascalculated.In2009,ParkandKimusedthet

ime-domainnear-fieldacousticholographytechnologyt

ovisualizethespatialcomplexenvelope
[4-5]

.Paillasseur

psandThomasvalidatedthealgorithmbyusingregulariz

ationmethodstoimprovethedeconvolutionprobleminr

eversesoundfieldreconstructionandtheimprovedsoun

dfieldreconstruction
[6-9]

.In2016,Keferintroducedther

oboticarmintothemeasurementofnear-fieldacousticho

lography,whichreducedthenumberofmicrophonesand

acceleratedthemeasurementspeed,andstudiedstatican

ddynamicnear-fieldacousticholography
[10]

.Haldprop

osedthewidebandholography.Onlyasinglemeasureme
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ntwasrequiredoverarelativelyshortdistancetoobtainas

ingleresultcoveringtheentirefrequencyrange
[11]

.In201

8,Chaitanya,S.Ketal.usedcylindricalnear-fieldacousti

cholography(NAH)tolocatethecylindricalsurfacesoun

dsource,andcomparedthedirectNAHwiththesoundfiel

dspatialtransformation(STSF).Bothmethodsgavethec

orrectsoundsourcelocalization
[12]

.In2019,JiangLaixu

proposedtousetheimprovedTikhonovregularization(

MTR)methodtosolvethewindingerrorscausedbythewi

ndowfunctionandotherill-posedproblems,effectivelyi

mprovingthespatialresolutionofthereconstructedsoun

dfield
[13]

.ShiDongyangcombinedthewidebandacousti

cholographytechnologyandl(1)-normconvexoptimiza

tiontosolvetheinverseproblemofsoundfieldreconstruc

tion.Usingtheadvantagesofthetwomethods,ahybridm

ethodcombiningthebestfeaturesofthetwomethodswas

proposedtoidentifythesoundsourcelocation
[14]

.Antoni

,Jusedaniterativemethodtoautomaticallyestimatethea

perturefunction,andsimultaneouslycompletedthecalc

ulationoftheaperturefunctionandthesoundsourcedistri

bution
[15]

. 

Largestructuresoftencontainvariousoperatingmachin

es,equipment,power,andpropulsionsystems.Whenaw

orkingmachinemalfunctions,asoundspaceenvelopem

ayappear.Theenvelopeinformationcontainssoundfield

featureinformationandsourceinformation.Byextractin

gtheenvelopeinformationofthesignalandusingittoreco

nstructthesoundfield,thepositioninformationandgeom

etricinformationofthesoundsourcecanbeobtained.Inor

dertoanalysethesoundsourcecharacteristicsofsuchrota

tingmachinery,itisproposedtousethespatialenvelopeof

thesoundfieldtoidentifyandanalysethenoiseoftherotat

ingmachinery. 

2.Near-fieldacousticholography 

Accordingtothewaveequationofsmallamplitudeacous

ticwavesinanidealfluidmedium,thesteady-statesoundf

ieldHelmholtzequationindependentoftimevariablesca

nbeobtained: 

 𝛻2𝑝(𝑟 , 𝜔) + 𝑘2𝑝(𝑟 , 𝜔) = 0 (1) 

Where:𝑝(𝑟 , 𝜔) isthecomplexsoundpressureofthespati

alpoint, 𝑘 = 𝜔/𝑐 = 2𝜋/

𝜆 isthewavenumberinthefluidmedium,𝜔 istheangularf

requencyofthesoundwave,and 𝜆 isthecharacteristicwa

velength.First,define𝐻asaholographicsurface(measur

ementsurface), 𝑆 asareconstructionsurface(sourcesurf

ace),andsourcesurface  𝑆maybeanysurfacesurroundin

gthesoundsource. 

TheGreen'sfunctionsatisfiestheDirichletboundarycon

ditionon 𝑆 ,Whenthespaceof 𝑧𝐻 >

𝑧𝑆 isafreefield,thesolutionofanypointofEq(1)canbeobt

ainedbytheGreen'sfunctionformula: 

 𝑝(𝑥, 𝑦, 𝑧) =   𝑝(𝑥𝑆 , 𝑦𝑆 , 𝑧𝑆)
∞

−∞

∞

−∞
⋅ 𝑔𝐷(𝑥 − 𝑥𝑆 , 𝑦 − 𝑦𝑆 , 𝑧 − 𝑧𝑆)𝑑𝑥𝑆𝑑𝑦𝑠 (2) 

Ifthesoundpressureonthe 𝑧 =

𝑧𝑆 planewherethesoundsourceislocatedisknown,theso

undpressureonanyplaneofthe 𝑧 >

𝑧𝑆 spacecanbefound.Definingtherelationbetweentwo-

dimensionalcontinuousFouriertransformandinversetr

ansforminthe𝑥, 𝑦directionalongthespace. 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧) =   𝑝(𝑥, 𝑦, 𝑧)
+∞

−∞

+∞

−∞
𝑒−𝑗(𝑘𝑥𝑥+𝑘𝑦𝑦)𝑑𝑥𝑑𝑦 (3) 

 𝑝(𝑥, 𝑦, 𝑧) =
1

4𝜋2   𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧)
∞

−∞

∞

−∞
⋅ 𝑒𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦)𝑑𝑘𝑥𝑑𝑘𝑦  (4) 

Where 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧)istheangularspectrumof𝑝(𝑥, 𝑦, 𝑧),

and𝑘𝑥 , 𝑘𝑦 arethewavenumbercomponentsinthe𝑥, 𝑦dir

ection,respectively. 

Afterperformingtwo-dimensionalspaceFouriertransf

ormonEq(2),theconvolutiontheoremisusedtoconvolv

ethespaceintotheproductoftheangularspectruminthew

avenumberdomain. 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧) = 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧𝑠) ⋅ 𝐺𝐷(𝑘𝑥 , 𝑘𝑦 , 𝑧 − 𝑧𝑆) (5) 

Intheformula, 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧𝑆) and 𝐺𝐷(𝑘𝑥 , 𝑘𝑦 , 𝑧 −

𝑧𝑆) aretwo-dimensionalFouriertransformsof

𝑝(𝑥, 𝑦, 𝑧𝑆)and𝑔𝐷(𝑥, 𝑦, 𝑧 − 𝑧𝑆),respectively. 

Thetwo-dimensionalspaceFouriertransformexpressio

nofGreen'sfunctionunderDirichletboundarycondition

is 
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 𝐺𝐷(𝑘𝑥 , 𝑘𝑦 , 𝑧 − 𝑧𝑆) = 𝑒𝑗 𝑘𝑧(𝑧−𝑧𝑆) (6) 

Where 

 𝑘𝑧 =  
 𝑘2 − 𝑘𝑥2 − 𝑘𝑦2𝑘 ≥  𝑘𝑥2 + 𝑘𝑦2

𝑖 𝑘𝑥2 + 𝑘𝑦2 − 𝑘2𝑘 <  𝑘𝑥2 + 𝑘𝑦2
  (7) 

TaketheinverseFouriertransformonbothsidesofEq(5)t

oobtaintheH-planesoundpressure 

 𝑝(𝑥, 𝑦, 𝑧𝐻) = 𝐹−1 𝐹 𝑝(𝑥, 𝑦, 𝑧𝑆) 𝑒𝑗𝑘𝑧(𝑧𝐻−𝑧𝑆) (8) 

Where𝐹and𝐹−1 representtheFouriertransformandthei

nversetransformintwodimensions,respectively. 

Whenthevalueofthesoundpressureon 𝑧 =

𝑧𝑆 isknown,thesoundpressurevalueonanyplaneof 𝑧 >

𝑧𝑆 canbepredicted.Conversely,theequation(5)byperfor

mingyields: 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧𝑆) = 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧𝐻) ⋅ 𝑒−𝑗𝑘𝑧(𝑧𝐻−𝑧𝑆) (9) 

Usingtheaboveequationtoobtainthesoundpressurenea

rthesurface 𝑧 =

𝑧𝑆 (reconstructionsurface).Thebasicformulaforplanar

near-fieldacousticholographicreconstructioncanbeobt

ained: 

 𝑝(𝑥, 𝑦, 𝑧𝑆) = 𝐹−1 𝐹 𝑝(𝑥, 𝑦, 𝑧𝐻) 𝑒𝑗𝑘𝑧(𝑧𝐻−𝑧𝑆)  (10) 

Thefarfieldpredictionofthesoundfieldcanbecomplete

daccordingtoEq(8),andthenearfieldreconstructionoft

hesoundfieldamountcanberealizedbyEq(10). 

Inthereversereconstructionofthesoundfield,theimpro

vedtwo-dimensionalHarrisfilterwindowfunctionisuse

dtofilterthenoisesignalinthewavenumberdomain: 

 𝑊 𝑘𝑥，𝑘𝑦 =  
 𝑘𝑟 𝑘𝑐 − 1  1 − 1 2𝑒 𝑘𝑟 𝑘𝑐 −1 𝛼   , 𝑘𝑟 ≤ 𝑘𝑐

 𝑘𝑟 𝑘𝑐 − 1  1 2𝑒 1−𝑘𝑟 𝑘𝑐  𝛼   , 𝑘𝑟 > 𝑘𝑐

  (11) 

Where 𝑘𝑐 = 0.6𝜋 ∕

∆isthecut-offwavenumberofthefilter,∆isthemeasuring

distanceofthemeasuringsurface. 𝑘𝑟 =

 𝑘𝑥2 + 𝑘𝑦2 ;𝛼isthesteepnesscoefficientofthewindowfu

nction.When𝛼issmaller,thefunctionvaluecutoffsteepe

rat𝑘𝑐 .Generally𝛼iswithin0.1~0.2. 

3.Time-spacecomplexenvelopemodel 

Inthepropagationofsound,theacousticwavecharacteris

ticsarerelatedtothewavelength( 𝜆 = 𝑐/

𝑓 )inbothtimeandspace,sothetimecomplexenvelopeof

anarrowbandsignalcanalsocausethespacecomplexenv

elopeassociatedwithit.Thespacecomplexenvelopebed

efinedinthesamewayasthetimecomplexenvelopeisdef

ined.Takingthemonopolesoundsourceasanexample,th

erelationshipbetweenthespacecomplexenvelopeandth

etimeenvelopeisderived 

Supposeapointsoundsourcewithslowamplitudechang

esradiatesoutwardatthecenterfrequency 𝑓𝑐 ,anditssoun

dpressure𝑝(𝑟 , 𝑡)is 

 𝑝(𝑟 , 𝑡) = 𝑎(𝑟 , 𝑡)
𝑒−𝑗(2𝜋𝑓𝑐𝑡−𝑘𝑐𝑅+𝛷𝑡+𝛷𝑠)

𝑅
 (12) 

Where𝛷𝑡 isthetimephaseand𝛷𝑠 isthespacephase,𝑘𝑐 =

2𝜋𝑓𝑐/

𝑐 isthewavenumber,Risthedistancebetweenthemeasur

ementpointandthesoundsource. 

DividetheamplitudeinEq(12)intotwoparts:oneisrelate

dtothecenterfrequency𝑓𝑐 ,andtheotherisrelatedtotheslo

wlychangingamplitude𝑎(𝑟, 𝑡)andphase𝛷𝑡 , 𝛷𝑠: 

 𝑝(𝑟 , 𝑡) =
𝑎(𝑟 ,𝑡)𝑒−𝑗(𝛷𝑡+𝛷𝑠)

𝑅
𝑒−𝑗(2𝜋𝑓𝑐𝑡−𝑘𝑐𝑅) (13) 

Thetime-spacecomplexenvelopeisexpressibleas: 

 𝑝𝐶𝐸(𝑟 , 𝑡) =
𝑎(𝑟 ,𝑡)𝑒−𝑗(𝛷𝑡+𝛷𝑠)

𝑅
 (14) 

Intheaboveformula,𝑎(𝑟, 𝑡)canbewrittenasthesumofaf

initenumberoffrequencycomponentsinanarrowband: 

 𝑎(𝑟 , 𝑡) =  𝑐𝑛𝑒
−𝑗 (2𝜋𝛥𝑓𝑛 𝑡−𝛥𝑘𝑛𝑅)𝑁

𝑛=1  (15) 

Where𝑛 isthenumberoffrequencycomponentsinthenar

rowband, 𝑐𝑛 isthecoefficientcorrespondingtoeachfreq

uency 𝑓𝑛 , 𝛥𝑓𝑛 ≪ 𝑓𝑐 ， 𝛥𝑘𝑛 = 2𝜋𝛥𝑓𝑛/

𝑐,thenequation(14)canberewrittenas: 

 𝑝𝐶𝐸(𝑟 , 𝑡) =  𝑐𝑛
𝑁
𝑛=1

𝑒−𝑗(2𝜋𝛥 𝑓𝑛 𝑡−𝛥𝑘𝑛 𝑅+𝛷𝑡+𝛷𝑠)

𝑅
 (16) 

InEq(16),Thephasecanbedividedintotwoparts:oneisth

espatialcomplexenvelope(𝑒𝑗 (𝛥𝑘𝑛𝑅−𝛷𝑠) )affectedbydist

ance;theotheristhetimecomplexenvelope(

𝑒−𝑗(2𝜋𝛥𝑓𝑛 𝑡+𝛷𝑡) )affectedbytime.Rcontainsthepositioni

nformationofthesoundsourceandonlyaffectsthespatial

complexenvelope.Sothecharacteristicsofthespatialco
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mplexenvelopeareaffectedbythewavenumberandfreq

uencyofthesoundsource,aswellasthecharacteristicsoft

hesoundsource. 

4.Modulationmethodofspatialcomplexenvelope 

WhenNAHtechnologyisusedtopredictthecomplexenv

elopesoundfield,theconvolutionintegraloftheFouriert

ransformintimeandspaceisappliedatthesametime,soitt

akesarelativelylongoperationtime,andthereisalotofinf

ormationthatisredundantinpracticalengineeringapplic

ations.Forexample,intheidentificationandlocationofn

oisesourcesorfaultdiagnosis,onlythepositioninformati

onandgeometricinformationofthesourcesoundfieldne

edtobeobtained,andtheinformationiscompletelyconta

inedinthespaceenvelope.Soifwecanextractonlythespa

tialenvelopeofthetargetsoundfield,wecanreducethea

mountofdatainthereconstructionprocess. 

Lettheinitialphasebezero,andrewriteEq(13)asacombi

nationoffrequencies: 

 𝑝(𝑟 , 𝑡) =  𝑐𝑛
𝑒−𝑗(2𝜋𝑓𝑛 𝑡+𝑘𝑛 𝑅)

𝑅
𝑁
𝑛=1  (17) 

ThespatialFouriertransformofthesoundpressureofany

frequency𝑓𝑛canbewrittenas: 

 𝑝(𝑥, 𝑦, 𝑧; 𝑓𝑛) =
1

4𝜋2   𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛)
∞

−∞
𝑒𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦)𝑑𝑘𝑥𝑑𝑘𝑦  (18) 

𝑝(𝑥, 𝑦, 𝑧; 𝑓𝑛)satisfiestheHelmholtzequationandissu bstitutedintotheHelmholtzequation: 

 (𝛻2 + 𝑘2)𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛)𝑒𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦) = 0 (19) 

Forthesingle-frequencyfunction𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛),itis onlyafunctionof𝑧: 

 
𝑑2

𝑑𝑧
𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛) + (𝑘𝑛

2 − 𝑘𝑥
2 − 𝑘𝑦

2)𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛) = 0 (20) 

Accordingtothenormofdifferentialequationswithcons

tantcoefficients,inthefreespacewithoutreflection,theg

eneralsolutionofEq(20)isexpressibleas: 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛) = 𝐴(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛)𝑒
𝑗𝑧 𝑘𝑛

2−𝑘𝑥
2−𝑘𝑦

2
 (21) 

Theequation(19)isderivedas： 

 (𝛻2 + 𝑘𝑛
2)𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛)𝑒𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦) = (𝛻2 + 𝑘𝑛

2)𝑝(𝑥, 𝑦, 𝑧; 𝑓𝑛) (22) 

SubstitutingEq(18)intoEq(22)andsubstitutingEq(21)i

ntoEq(19),wecanobtaintheexpressionofthewavenum

berspaceofthesoundpressurefieldatanyfrequency𝑓𝑛 : 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑛) = 𝑗𝜋
𝑒
𝑗𝑧  𝑘𝑛

2 −𝑘𝑥
2−𝑘𝑦

2

 𝑘𝑛
2−𝑘𝑥

2−𝑘𝑦
2
𝑒−𝑗(𝑘𝑥𝑥+𝑘𝑦𝑦) (23) 

Theaboveformulaistheexpressionofthewavenumbers

paceofthesoundsourcefieldofthepointsoundsourcewit

hspatialcomplexenvelopecorrespondingtoanypointfr

equency.Bysimplifyingthemodelof𝑝𝐶𝐸(𝑟 , 𝑡) ,therelati

onshipbetweenthespatialcomplexenvelope 𝑝𝐶𝐸(𝑟 , 𝑡) a

ndtheentiresoundpressurefieldisderivedinthewavenu

mberspace.Lettheinitialphasebezero;let𝑝𝐶𝐸(𝑟 , 𝑡)cons

istofonlytwofrequencycomponents 𝑓𝑚 and −𝑓𝑚 ,then

𝑝𝐶𝐸(𝑟 , 𝑡)canbewrittenas: 

 𝑝𝐶𝐸(𝑟 , 𝑡) =
𝑒−𝑗𝑧 (2𝜋𝑓𝑚 𝑡−𝑘𝑚 𝑅)

𝑅
+

𝑒−𝑗𝑧 [2𝜋(−𝑓𝑚 )𝑡+(−𝑘𝑚 )𝑅]

𝑅
 (24) 

Thesoundfield 𝑝 𝑟 , 𝑡 consistsof 𝑓1 = 𝑓𝑐 +

𝑓𝑚 and 𝑓2 = 𝑓𝑐 −

𝑓𝑚 .Thespatialtwo-dimensionalFouriertransformof

Eq(24)isexpressedas 

 𝑃𝐶𝐸(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓𝑚 ) = 𝑗𝜋
𝑒
𝑗𝑧  𝑘𝑚

2 −𝑘𝑥
2−𝑘𝑦

2

 𝑘𝑚
2 −𝑘𝑥

2−𝑘𝑦
2
𝑒−𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦) (25) 
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 𝑃𝐶𝐸(𝑘𝑥 , 𝑘𝑦 , 𝑧; −𝑓𝑚 ) = −𝑗𝜋
𝑒
𝑗𝑧  (−𝑘𝑚 )2−𝑘𝑥

2−𝑘𝑦
2

 (−𝑘𝑚 )2−𝑘𝑥
2−𝑘𝑦

2
𝑒−𝑗(𝑘𝑥𝑥+𝑘𝑦𝑦) (26) 

Thetwo-dimensionalspatialFouriertransformofthee ntiresoundfield𝑝 𝑟 , 𝑡 isobtainedbyEq(23): 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓1) = 𝑗𝜋
𝑒
𝑗𝑧  𝑘1

2−𝑘𝑥
2−𝑘𝑦

2

 𝑘1
2−𝑘𝑥

2−𝑘𝑦
2
𝑒−𝑗( 𝑥𝑥+𝑘𝑦𝑦) (27) 

 𝑃(𝑘𝑥 , 𝑘𝑦 , 𝑧; 𝑓2) = 𝑗𝜋
𝑒
𝑗𝑧  𝑘2

2−𝑘𝑥
2−𝑘𝑦

2

 𝑘2
2−𝑘𝑥

2−𝑘𝑦
2
𝑒−𝑗(𝑘𝑥𝑥+𝑘𝑦𝑦) (28) 

Thewavenumberspectrumofthespatialcomplexenvelo

peandthewavenumberspectrumoftheentiresoundfield

haveonlydifferentwavenumbers 𝑘1 → 𝑘𝑚 , 𝑘2 →

−𝑘𝑚 onthesamegeometricinformation(𝑒−𝑗 (𝑘𝑥𝑥+𝑘𝑦𝑦) ).

Thefrequencyshiftwiththetimecomplexmodulation,a

ndthewavenumberchangeswiththefrequencyshift 。

Therefore,bymultiplyingtheEq(27)andEq(28)bythem

odulationfactorMandconvertingthemintotheEq(25)an

dEq(26),amodulationmethodofthespatialcomplexenv

elopecanbeobtained. 

 𝑀𝑘1→𝑘𝑚 (𝑘𝑥 , 𝑘𝑦 , 𝑧) =
 𝑘1

2−𝑘𝑥
2−𝑘𝑦

2

𝑒
𝑗𝑧  𝑘1

2−𝑘𝑥
2−𝑘𝑦

2
×

𝑒
𝑗𝑧  𝑘𝑚

2 −𝑘𝑥
2−𝑘𝑦

2

 𝑘𝑚
2 −𝑘𝑥

2−𝑘𝑦
2

 (29) 

 𝑀𝑘2→𝑘𝑚 (𝑘𝑥 , 𝑘𝑦 , 𝑧) = −
 𝑘2

2−𝑘𝑥
2−𝑘𝑦

2

𝑒
𝑗𝑧  𝑘2

2−𝑘𝑥
2−𝑘𝑦

2
×

𝑒
𝑗𝑧  (−𝑘𝑚 )2−𝑘𝑥

2−𝑘𝑦
2

 (−𝑘𝑚 )2−𝑘𝑥
2−𝑘𝑦

2
 (30) 

5.Simulation 

Amonopolesourceisusedtosimulatethesoundfieldwith

aslowlyvaryingspatialenvelopeoscillationsoundfield.

Let 𝐿𝑥 = 𝐿𝑦 = 4𝑚 ,  𝑐 = 1500𝑚/

𝑠 ,thethreepointsourceswithslowlychangingspatialenv

elopeoscillationbelocatedat (𝑥𝑠1 , 𝑦𝑠1) = (0,1) ，

(𝑥𝑠2, 𝑦𝑠2) = (−1,−1) ， (𝑥𝑠3, 𝑦𝑠3) =

(1,−1) .Thecenterfrequencyofthenoisesourceis 𝑓𝑐 =

2000𝐻𝑧 , 𝛥𝑓𝑚 =

20𝐻𝑧 ,Thesoundfieldreconstructiondistanceis 𝑑𝑧 =

0.01𝑚 ,Thesoundfieldmeasuringdistanceis 𝑧𝐻 =

0.02𝑚 ,thenumberofsamplingpoints 𝑁 =

64 .Usingnear-fieldacousticholographytoanalyzethes

oundfieldreconstructionresultsforthesoundfieldwiths

patialcomplexenvelope. 

 

Fig.1.Thereconstructedsoundfieldbasedonnear-fielda

cousticholography 

AsshowninFig1 ，

Whenthesoundfieldreconstructiondistance 𝑑𝑧 =

0.01𝑚 ,thesoundfieldreconstructionsoundpressuream

plitudeerrorissmall,andthesoundfieldcharacteristicsc

anbeaccuratelydescribed.Themeasurementdistance

𝑧𝐻 andreconstructiondistance  𝑑𝑧aregraduallyincrease
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d,thesoundfieldreconstructionaccuracyofthenearfield

acoustichologramisfurtheranalyzed.Let 𝑧𝐻 =

0.1𝑚and𝑑𝑧 = 0.05𝑚: 

 

Fig.2.Thereconstructedsoundfieldbasedonnear-fielda

cousticholography 

Withtheincreaseofthereconstructiondistanceandthem

easurementdistance,theaccuracyofthesoundfieldreco

nstructiondecreasesfromtheFig2,anditserroris29.35%

.Thisresultisconsistentwiththetheoryofnear-fieldacou

sticholography.Thelargerthemeasurementdistance,th

emorerepresentativecharacteristicsofthesoundsource

canbeobtained.Thesmallertheevanescentwavecompo

nent,thelargerthemeasurementdistance,thesmallerthe

ratioofthesoundsourceareatothemeasurementsurface,

andthelargerthewindingerrorcausedbytheconvolution

calculation,sotheoverallaccuracyofthesoundfieldreco

nstructionisreduced,butthesoundfieldreconstructionr

esultscanreflectsthecharacteristicsofthesoundsource. 

 

Fig.3.Thereconstructedsoundfieldbasedonnear-fielda

cousticholography 

Fig3showsthereconstructionresultswhenthenumberof

samplingpoints 𝑁 decreasesfrom64to32basedonthene

ar-fieldacousticholographicalgorithmat 𝑧𝐻 =

0.1𝑚 and 𝑧 =

0.05𝑚 .Asthenumberofsamplingpointsdecreases,thea

ccuracyofthesoundfieldreconstructiondecreases,butit

doesnotaffectthejudgmentoftheentiresoundfieldradiat

ioncharacteristics 

Itcanbeseenfromthecomparisonofthecross-sectionald

iagramsthatthenear-fieldacousticholographytechnolo

gycanaccuratelyreconstructtheradiatedsoundfieldofar

otatingmachineusingthespatialenvelopeinformationo

fthesoundfieldandreflectstheradiationcharacteristicso

fthesoundfield.However,whenonlythegeometricinfor

mationofthesoundsourceneedstobeidentifiedandtheso

undsourceislocated,themeasuredsoundpressurevalue

canbemodulatedandonlytheenvelopeinformationofth

esoundsourcecanbeextracted.Thefollowingfiguressh

owthereconstructionresultsbeforeandafterthesoundfie

ldmodulation.Aftermodulatingthesoundfield,thereco

nstructionresulteliminatessomeredundantinformation

,anddirectlygivesthedistributionofthesoundfield,andt

hesoundsourcelocalizationisaccurate.， 
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(a)non-modulation (b)modulation 

Fig.4.Thereconstructiveresultsofnon-modulationandmodulation(𝑁 = 32) 

  
(a)non-modulation (b)modulation 

Fig.5.Thereconstructiveresultsofnon-modulationandmodulation(𝑁 = 64) 

6Conclusions 

Thispaperanalysesthesoundfieldmodelcontainingthes

pacecomplexenvelopegeneratedbytherotatingmechan

icalstructure,andproposesamodulationmethodforthes

pacecomplexenvelope.Thenear-fieldacoustichologra

phytechnologyisusedtoreconstructthesoundfieldofthe

modulatedsoundfield,sothatthecharacteristicinformat

ionofthesoundsourcecanbeobtainedmoreaccuratelyan

deffectively,andtheinfluenceofredundantinformation

onthecharacteristicsofthesoundsourcecanbereduced.

Byanalysingthemeasurementdistance,thereconstructi

ondistanceandthenumberofsamplingpoints,thesoundf

ieldreconstructionaccuracyofthenear-fieldacoustichol

ogramisdiscussed,andthefollowingconclusionsareobt

ained:(1)Fortheradiatedsoundfieldofrotatingmechani

calstructures,thenear-fieldacousticholographytechnol

ogystillobtainshighsoundfieldreconstructionaccuracy

undertheconditionoflargereconstructiondistance.Itdo

esnotrequiremoresamplingpoints.Betterreconstructio

naccuracycanbeobtainedevenwithfewersamplingpoin

ts,soithascertainengineeringapplicationvalue;(2)Fort

hesoundfieldwithenveloperadiationpeculiartorotating

mechanicalstructures,envelopemodulationtechnolog

yisusedtoextracttheenvelopeinformationandperforms

oundfieldreconstructiontoaccuratelyidentifythenumb

erandgeometricdistributionofsoundsources.Thistechn

ologynotonlyacceleratesthespeedofdataprocessing,bu

talsoensurestheaccuracyofsoundfieldreconstruction. 
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