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Preface

Thisreportisad]'ssertationforthedoctorofphilosophydegreetobe

submittedtoGraduatedSchoolofScienceandTechnology,KobeUniversity.

Thereportindicatesthatafactor,whichwecallHnuctuation,timevariant

factor",issignificantinsoundfie]dalthoughpreviouslyithadnotbeenrecognized

assuch.Theauthortriedtorevealtheexistenceofsoundtransmissionchange,

explainthattheacousticalmodeHncludetimevary】ngfactorsandeva一uatethe

effectsofthefluctuationonsubjectivepreferencethatisoneofthemostimportant

subjectivejudgmentsinroomacoustics.

TheauthorwishestothankProfessorYoichiAndoofRobeUniversityforhis

kindguidanceandencouragement.

Alltheresponsibilitiesforwhatevererrorswh]'chmightoccuronfollowIng

pagesareduetotheauthor･
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CU TERIINTRODUCrl0N

CHAPTER I

INTRODUCTION

1･1Generalpreface

Essentia]ly,soundwhichsurroundsusisinaccordancewithtimevaryJng

systemthatitsintenslty,direction,SpectrumandfrequencyarechanglngWithtime･

Thenuctuationcalled"yuragi"inJapanese,iswide]yknownandhasbeenthoughtto

affectingonpsychologicalattribute.Theresearchershavenoticedthatthistime

variantfactorshowedbeincorporatedintothecreationofmorepreferablesound

fjeld･Butitsquantitativeeffectsonhumanbeingsareyettobeclarified.lnthestudy

oftheenvironmentalandacouslicalfield,itbecomenecessarytoinvestigateeffects

andallowancesrangeofthisf)uctuation.

Inthisreport,thisfluctuationwasregardedasonefactoroftimevariant

systemsinroomacoustics･Thefluctuationofsoundpressurelevelwasconsideredlo

bethespecificobjectandwasexaminedfrom thestandpointofroom acoustics･

Physica一andPsychologlCalapproachesrelatingthislimevariantsystemwasstudicd･

Thefluctuationofamplitudewasexaminedstatistica一lylnOrdertofindout

themechanismofitsoccurrence.Itwasassumedthattimevariantsystemwouldtake

effectonsubjectivepreferencewhichwasoneofthemostimportantsubjective

factorsinroomacoustics･So,aseriesofpsychologlCaltestswasmadetoclarifyits

effects.



C1lAPTERIINTRODUCnON

1.2Previousinvestigationsandstudies

1･2.1Physicalinvestigationsoffluctuation

Inthefieldofroom acoustics,therearenotso manystudiesrelating

nuctualionsormodulationsbecausesoundfieldshavebeendesignedbasedon

di肌sesoundfie一dswhereacousticalenergyisideallyprolirerating･

Whileinoutdoorsoundpropagation,nuctuationandexcessaHenuationof

soundpressurelevel(SPL)Causedbyphasechangesandintcrfercnceofwaveshave

beenexaminedindifferentwaysandmeans,ithasbeensaidthatthemovementsof

aJ'rflow,temperaturegradientsand airabsorptioneffectonout-doorsound

propagationPreviousresearcherstriedtosolvestrictsolutionortouseboundary

e]ementmethod(BEM)58)inordertopredictcharacteristicsofsoundpropagation.

ButthesemethodscannotdealwiththemeteorologlCalconditions.Itwasalsosaid

thatthequantitativeeffectofeachFactorwashardtopredict,becausesuch

meteoro10glCalfactorsweresodynamic･Mainlyeffectsofairturbulenceand

temperaturegradientinmeteorologicalparametershavebeenexaminedinouトdoor

soundpropagation･

Itseemsthatthereare3kindsofcalcu一ationmethodstakingaccountof

boundaryconditionsandmeteorologlCalfactors･Theyare,

1)Raytracingsolution:Thecalculationmethodbasedongeometricaltheorywhich

regardsthesoundpropagationasopticalray(R.∫.Thompson,197450),197548);T.

F.Emb]eton,197459);G.A.Daigle,197912)" )･14)).Theyshowedapproaches,that

statistica日heorywasintroducedintouppergeometricaltheory･

2)Fastfieldprogram:ThecalculationmethodusingthefastFouriertransformin

ordertosolvethewaveequation(M.Westetal,199136)).

3)Parabolicequationmethod:ThecalculationmethodbasedonHelmholzequation

dea】ingwithonlyprogressivewave(M.Westetal,199237)).

Manyfieldstudieswereexperimentallyperformed(P.H.Parkin,196543),

196744)).scalemodelanalyseswerealso utilizedinthesystematicway(H.

Tachibana,197621);R.Dejong,1976).Concerningwitheffectsledbytemperature

2



CHAPTERIINTRODUCr10N

gradientfromgroundleveltosky,moststudieshavebeenbasedonthesnell'S〕ow

theory･Inasimilarway'therewerealsofieldexperiments43)･44),applyingmany

compositemeteorologicalfactors(A･R･Kriebel,1972)･Soundpressureleve]was

changedbythemeleorologlCalfactorsatthepropagationlengthmorethanseveral

scoresmeter･Thestandarddeviationofsoundpressurelevelfluctuationisabout2

～ 3dBathighfrequencyrange.Therenectioncoefficientofthegroundwasalso

rep]acedbymeteoro]oglCalfactors.As driedgrasslandwasacousticallysoft,and

rainmadelandhard54),thesekindsofstudieswereallfollowedbythecomplicated

meteorologicalfactorswhichcouldnotbeidentifiedonebyone･

The statistical approaches,which were utilized in ouトdoor sound

propagation28)･39),62)andfundamentalacousticalissuesrelatingtime26)･29),31)･32)were

helpfulwaystoexaminethisproblem.IngardandMating(195360),196461)),epo,ted

thesoundpropagationinaturbulentmedium inastatisticalway･Waterhouse

(1969)45)Showedstatisticalpropertiesofreverberantsoundfields.Inotherscientific

fields,Adachiexp]ainedthestatisticalpropertiesofelectromagneticpropagationin

termsoffading.Maisel(1972)30),cramer(1947)19)instructedstatisticsandrandom

processesmathematically.

Inthefieldofmusicalacoustics,itwasreportedthatthetimestructureor

sound(likeastimeandshapeofsoundlevel)wasimportanttosimulatesoundora

musicalinstrument(Rasch,1978)52).

AtthedevelopmentprocessofmovlngpursueSystemulilizjngultrasonicwaves,

itwasreportedthataircurrentproducedbyaiトCOnditionlngSystemledthissystem

toerror(Mitaetal)･

FrompreviousstudiesconnectingtimevaryingSystem,thatwasfluctualionor

modulation,itcouldbepresumedmoststudieshavebeendoneonlylnOutdoor

soundpropagation･



CHAPTERIINTRODUCTION

1･2･2PsychologlCalinvestigationsoftemporalchange.

ManystudieshavebeenmadeconcermngWiththerelationshipbetweentime

infわrmationandpsychologicaland/orphysiologicalattributes･Fol】Owingsarethe

briefofpreviousinvestigationsintermsoftheusageoftemporalinformationin

auditorysystem･ThephysiologlCalreactionsfrom thetemporalinformationhave

beenexaminedfromthedifferentpo)'ntofview.Manyresearchershaveinvestigated

therelationshipbetweenloudnessandsignaldurationforpuretoneoverawide

rangeoHrequenciesandduration24)･Itwassupposedthattheenergyorsound

stimuluswasintegratedus]'ngtempora]windowofauditorysystem(Exner,187611);

Houghes,194625);Garner,194715)).

Fromtheexperimentoftherelationshipbetweenthemodu一ationspanandthe

subjectivedetection,subjectscoulddetectsoundpressurelevelfluctuation,when

themodulationspaninSPLwasl･5dBat20dBofsignaHevel(SL),0･7dBat40

dBofSLandO･3dBat80dBofSL,inthecaseoH .0-Hzpuretoneasasource

signal(Riesz,1928)･Theslimulussignalwithamplitudemodulation(AM)and

frequencymodulation(FM)wereusedinordertoexaminetheutilizationofthe

phaseinformationintheauditorysystem (Zwicker,1952,1965a66),1965b67);

schorer,198655)).Butatpresenttimeilisnotclearwhetherthisfindingcanbe

generaHzedtotheperceptionofsuprathresholdlevelofmodulat]'on,ortheother

aspectsofoursensitivitytophase.

IIwasreportedthaHhemodu一atedsignalcouldbeeasilydetectedratherthan

thatwithoutmodulationbyuslngthetemporalinformationofauditoryfilter･It

meanHhattheseusagesoftemporalinformationweretakentobeoneofcuesforthe

mechanismofcocktailpartyeffect･

Inthebinauralstudies,therelationshipbetweensoundimagefollowlngand

changesinthelocationofstimuliwasalsoinvestigatedtoperceivemovementofa

soundsource(Perrott,197740),198941);Granlham,197818),197917),198616)).

Ina】1,itwassupposedthattherewastemporalresolution(oracuity)and

temporalsummation(orintegration)inthesignaldetectionprocess,thelatterwas

utilizedtotheauditorysystem toaddupinformationovertimetoenhancethe

4



CHAPTER1lNTRODUCTION

detectionofdiscriminationofstimuli.Inthestudiesoftemporalintegration,because

aschangesinthetimepatterngenerally】eadtochangesofitsmagnitudespectrum

simultaneously,whitenoiseorsoundstimuluswithmaskerhasbeenused.Authors

triedtomakethesoundsourcewithmodulationatthetimeofpsychologlCal

experiments.

ConcernlngCrfectsoftemporalfactoronsubjectivepreference,thesound

combinationthathassimilarityintemporalpaltcrnornerveexcitation,increasedthe

scalevalueofsubjectivepreference(Mayer,189833);Booms]iterandCreel,19617),

19638)).Theysuggestedthatthesimp一erationsofmelodymightbefavored,because

theyareneuralcodab】eascombination,byprocessesthatwereinherentinthe

auditoryneuralsystem･Theyregardedtheauditoryneuralsystem aslikethe

developlngSystemOfauto-correlationnelwork･Butdataofphysiolog】Calaspectsas

likebrainwaveswerenotfoundinthisarticle.

Whenfrequency,intensity,Soundimage(location)andspectrumofobjective

soundchanges】owly,thechangewasregardedascontinuousandsmoothratherthan

abrupt.Whereasasuddenchangeleadsthatanewsoundsourcehasbeenactivated･

Sothistendencywasnamedthegoodcontinuousprincipal(AlbertandGary,1973;

sturges,197457)).Albertetalfわundthatwhenarapidrepealingcycleoralternating

highandlowtoneswaspresentedunderthediscretecondition,transitionsbetween

toneswereabrupt.And undertherampedcondition,successivetoneswere

connectedbyfrequencyglides.Thefactsobtainedfromtheseexperimentsdidnot

exceedthegeneralattributes･They)eftstilluncertainpointsintherelationship

betweentimevariantsystemandsubjectivejudgments,especiaHypreference･The

conditionscouldnotclear,whichwou)dincreasethescalevalueofsubjective

preference.Thereisa]itllestudywhichhaveinvesligaledtherelatjonshjpbetween

subjectivepreferenceandtemporalchar)ge･Itwouldbedesirabletomakeoutsome

ideainordertopresentstimulussoundwithmodulation.

5



cHApTERIINTRODUCTION

1.3Aimoflhisstudy

WithrespecHooutdoorsoundpropagation,limevariantssuchasfluctuation

ormodu]ationofsoundpressurelevelweretakenintoconsiderationinmanystudies.

Issuesofroom acousticshavebeendiscussedonthebasisofsteadystatesound

fields,andtimevarylngfactorshavebeenmostlylgnOred･

HowevertimevarylngObjectsofroom acousticsthatarecausedbythe

movementsofplayersandaudiencesandtheenvironmentalchanges(temperature

gradientsorairmovements)couldbethoughttoeffectsoundtransmission･SPL

nuctuationhasbeenproducedalreadyinthegymnasiumbyaircurrentcomlngfrom

airconditioner.ItwasassumedthatSPLlluctuationwascausedbychangesinsound

transmissionofroom,andwouldcontributetoincreasethesca一eva]ueofsubjective

preference.

Inordertomaketheeffectsofthisnuctualionclear,thestudywasconducted

fromphysicalandpsychologlCalstandpo)'nts･

As regardsphysica]aspects,foHowlnganalysesweremade.

HThestatisticalanalysisOfSPLfluctuationtodeterminethespecificshape

ordistribution.

---Theproposalofacousticalmodelinclud]'ngI)'mevarylngfactorsandthe

examinationofitsappropriate･

As regardspsychologicalaspects,followlngexperimentswereconductedinorderto

observeeffectsofflucluationonsubjectivejudgment.

-ExperimentsrelatingtodifferentialthresholdfortimevaryingSOundfield.

-Experimentsrelatinglotherelationshipbetweensubjectivepreferenceand

timevarylngSOundfield.

6



CHAPTERIITHEMECHANISMOFTIMEVARIANTSOUNDFIELD

CHAPTER II

THEMECHANISMOFTIMEVARIANTSOUNDFIELD

2.1Preface

Moreandmorebuildingswithlargeindoorspaceshavebeenbui一tinrecent

years･TheairconditionlngSystemsusedinsuchbuildingshavealsoincreasedinsize,

anditissupposedthattheyhasbeenleadingtos】gniricanlchangesinthephysical

environment.

Inthischapter,effectsofaircurrentsproducedbyanaircondilionlng

systemonsoundtransmissioninagymnasiumareinvestigated･Theinvestigation

wasmadeforthepurposeofc)arifyinghowthedynamicenvironment,suchasa]'r

currents produced by an air-conditioning System,WOu]d J'nfluence sound

propagationinalargeindoorspace･

Theprocessofinvestigationwasasfわllows.

Firstly,thestatisticalanalysュsWasmadetomakethefeatureclear･The

distributionofSPLchangeswasexaminedinordertoderivetheacousticalmodel

withtimevarylngSystem.

Secondly,SPLwassimulatedbyaboveacousticalmodelwhichwasderived

frombeforeexaminations,anditsdistributionwasalsoexamined.

ItwasconfirmedthattherewasalargenuctuationinSPLathighfrequency

rangesinalargeindoorspace･Basedonstatistica]ana]ysISOfSPLfluctuation,a

soundtransmissionmodelthatincorporatesatimevariantsystemwasproposed･

7
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2･2Soundpressurelevelmeasurement

2.2.1Measurementcondition

SPLwasmeasuredinagymnasiumbecausethegymnasiumallowedfora

largemeanfreepathanditsinteriorwasmadewithhardmaterialswhichcouldlower

theattenuationofreflectedsounds(e:89.4m,(tJ:67.6m,h:18.0m,5,000

seatsandreverberationtimeis2.1sat500-Hz).

Table1showstheexperimentalconditions.Themaximumairspeedatthe

outletductwasabout8m/S.Wecouldnotmeasuretheairspeedandthedirection

throughouttheroom,buttheairspeeddidnotexceed0.5m/sintheaudienceareaal

l･5mabovethemoorlevel(Case2)･Thereare36Outletductswilhad]'ameterof45

cmand44ductswithadiameterof75cmontheceiling.Figure1showsthelocation

ofllobservationpointsandsoundsourcepoint.Figure2showsthelocationof

outletductsontheceiling.Figure3Showsthestructureoftheoutletducts.A]'rtlow

wasdividedby3directionbythenozzlestructure･Figure4Showstheimage

illustrationoftheairmovementinthisgymnasium.Theverticaltemperature

differencefrom floortoceilingdidnotexceed3℃ intheconditionofair

conditioneronandoff･Figure5Showsthetemperaturegradientsfrom floorto

ceiling.Temperaturewasthoughtto beunifわrm in thehorizontalway.A

dodecahedronloudspeakerwasusedtoproducepuretonesofO･5and1-kHz,anda

plasma]oudspeakerwasusedfor2-,4-,8-and16-kHzfrequencies.Theheightof

theobservationpointwas1.5mabovethefloor,andobservationpointswerel･2m

abovethefloor.Thedistancebetweenthesoundsourceandtheobservationpoints

wasaboutfrom27mto57m.SPLwasrecordedforaboutoneminuteateach

observationpoint.Figure6Showsablockdiagramofthemeasurement･

8



CHAPTERIITHEMECHANISMOFTIMEVARIANTSOUNDFIELD

Table.1Theexperimentalconditions.

Case Air Airspeedinaudience

conditioner area[m/S】
Noisecriteria

1 off # 0.0 NC-25

2 on <0.5 NC-40

卜 . _ .89'4? :_ ･l

巨∃巨∃E∃

皿

E山
Ej
E
j

OA6 oA4

oA3

oA2 0Al

Sound
SOurCe
●

m]コⅧ刀

m]uIHI]]
mm

皿:孤

Fig･1Locationofobservationpoints･(●:soundsource,○:observationpoints,A1-A5

weresetonthemoor,K1-K6Weresetaroundtheaudiencestand･)

l ll

air-coTlditiDnmachinroom＼J er 定 ∃匡 】. 匡 ] 良 匡 】 air-conditionermachinroomr9B
Ej 冒

l≡ Fj l≡ ー≡ l≡ l≡ lF∃

i' ? ?
● ■ ● ? 9 ● 一 ● ll■■■■■- l lI- ● ●

○●tlHI diameler750mmdiameteー450mmJJIl l J

Fig･2Locationofout】etductsontheceiling.

董 ≡童ー
Fig･3Thestructureofoutletducts.Air-flowwasdividedintotwodirections,thatare

verticalanddiagonal.
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Fig･4Theimagei一lustrationofairnowmovementingymnasium･(Theverticalsection)･

242730 242730 242730 242730

temperalure- -> [oC]

Fig･5Temperaturegradientsfromdoorleveltoceiling･

Roland2400 NFIO30A

B&KType4165 SONYTCDDIOpro RIONLR-06

Fig･6Ablockdiagramofexperimentalseトup･

Personal

ComputeI

10



CliAPTERII THEMEASUREMENTOFSPLFLUCTUATION

2.3Resultsofmeasurement

2.3.1FluctuationorSPL

Figure7and8ShowstheSPLnuctualionrecordedatobservationpointAl

andKl(fromO･5kHzto16･OkHz)･Figure9andTable2Showsthemeanstandard

deviationofSPLchangeandstandarddeviationswhichwasmeasuredatll

observationpoints･

InCase1,the.StrongSPLchangewasnotobservedatanyfrequenciesor

observationpoints･InCase2,thestrongSPLfluctuationswereclearlyobservedat

frequencieshigherthan2.0-kHz.As thefrequencyincreased,SPLnuctuation

becamestronger･Thesetendencieswereapparentregardlessofthedistancebetween

thesoundsourceandtheobservationpoint.

Atseveralobservationpoints,theexistenceofSPLfluctuationatO･5-kHz

couldbedetected･FromthestudyoflhediscriminationofSPLchange(』 spl),itwas

reportedthatthe』 splWasO･7dB,inthecaseofl･0-kHzsinewaveassound

stimulus.

ilJ
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Fig･9MeanstandarddeviationofSPLchangeatllobservationpoints･(● Showsthe

meanstandarddeviationsofllpointsinCase1andO inCase2.Topandbottombars

showthemaximumandminimumstandarddeviationofSPL･)

Tab16･2MeanstandarddeviationofSPLchangeoHlobseⅣationpoints.

(unit:dB)

0.5-kHz1.0-kHz2.0-kHz4.0-kHz8.0-kHz16.0-kHz

Case1
Meanvalue

ofSD
0.21 0.19 0.20 0.43 0.97 0.58

0.31 0.57 0.87 2.53 3.29 3.76
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CHAPTERII THEMEASUREMENTOFSPLFLUCTUATION

2.3.2Statisticalanalysisofamplitudechange

Inthissection,statisticalana]ysISWasPerformedinordertomakethe

featureofSPLfluctuationclear,andtosearchthemechanism.

Whenwavesofdifferingamplitudeandphasearesynthesizedirregularly,

theycanbecharacterizedbyRayleighorNakagami-Ricedistribution･Themeasured

amp一itudewascomparedwithGammadistribution,whichincludesRayleigh,Gauss

andapproximatelyNakagami-Ricedistributions,toevaluatehowreflectedsounds

arecomposed.Table3Showstheclassificationintermsofstatisticalcharacterof

amplitudechange･Thesestatisticalcharacteristicsofamplitudechangearcshownin

AppendixA･

Thegeneralformulaofthisdistributionis

p(x;p2)= (1)

wherep2(‥ "((.1))isthemeanvalue,and u(Z川 J后 )isthestandard

deviation･TheparameterIrepresentsthedegreeofnuctuation.InthecaseofwhenI

equalsl･0,thedistributionisequlValenttoRayleighdistribution,andwhen∫>1･0,it

isapproximatelyequaltoNakagami-Ricedistribution.ParameterIandm were

chosenasfollows.Thesimplecorrelationcoefficientbetweenthedistributionof

measureddataandtheorywerecalculated.Whenthevalueofthissimplecoefficient

wasmorethanO･98,wechosethevaluesofIandmbychangingtheparameterI

graduallysuchthatJ=0,1,2,-

Figurelland12Showsanexampleofthecumulativedensityofthe

measuredvaluescomparedwithGammadistribution･Figure10showsthemean

valuesofparameter∫representingthedegreeofmodulationateachpoint.

Inbothcases,themeasuredvaluesagreedwiththistheoreticalcurve･The

slope ofthecumulativedensitycurveforCase1issteeperthanthatforCase2.

BecauseiismorethanO･0,SPLlluctuationmustbecausedbythecompositionofa

regularwavewithirregularwaves.As thefrequencybecomeshigher,thevalueofI

15
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of∫becomessmaller･Itisconsideredthattheratioofirregularcomponentstothe

regularcomponentsdifferedineachcase.

Tab】e･3 Thcre一ationshipbetweenstatisticalcharacteristicsandtheconditionofwave

composition.

Wavecomposition
Distributionof Distributionof

amplitude mean-squaredamplitude

a)Differingamplitudeand Rayleigh Gammadistribution

phasewavessynthesized distribution (∫≡0.0)

b)Steadywavessynthesized Nakagami-Rician Gammadislribulion

withaboveirregularwaves distribution (∫>0･0)

∧

･････
7J
ala
tLFtu
dd

500 1000 2000 4000 8000 16000

Frequency一-一一>【Hz]
Fig.10ThemeanvalueofparameterIateachfrequency.(□ isthemeanvalueoflinCase

1and} isinCase2.Thetopandbottombarsshow ± 1SD.)
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2･4Timevariantmodelofimpulseresponse

2･4.1Conceptoftheacousticalmodel

Thesoundpressureattheobservationpointisusuallyrepresentedby

∞

p(I)- ∑ I(t)*R"hn(1-tn),
〝=0

(2)

whereR"istheamplitudeofeachreflection(n=0representsthedirectsound),

tnisthedelaytimeofeachreflection,andf(t)showsthesignalofsoundsource.

Itissupposedthatfollowingformu一a(3)ofatime-variantimpulseresponse

modelinwhichthedelaytimeofreflectionvariesintimerepresentsthe

mechanismofSPLchange.

(X)

p(t)- ∑ I(I)'Rnhn(I-1〝(I)),
ltE0

(3)

Where,tn ( i)isdefinedbyαnandPn(I).InorderlorepresenHhede]aytime

withmodulation,equation(4)canbeintroducedasfoHows･

tn(I)-Jno+αntnoβ(1)- tno(1'αnβn(I)), (4)

whered･〃isthemodulationintervalofdelaytime,βイ り ischangeofthe

propertyofdelaytime,t"0istheinitialvaluefordelaytimeunderthegeometry

raytheory,and<i"(i)>=t〃o･Bysubstitutingtheaboveequation(4)into

formula(2),expression(5)canbederived･

(X)

p(t)- ∑ I(I)*R′Jhn(tl1,.0(1･a"P,,(I))),
1.F 0

(5)
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Itissimplysupposedthatα〃becomeslargerasdelaytimeincreases･Figure13

Showstheconceptofthisimpulseresponseincludingatimevariantsystem･

R
/ 〝 ､ヽ
ー /I

X しヽヽ /

RiiriIit Rxi .:-1. 卜Lil li〟
ITI7iiiiiilIIllI i至上Iをi∫ IiI

irIi辛～Il iiIri ㌢lIIIIIII I

Fig･13Animpulseresponseincludingatimevariantsystem･(Thedarklines

showlngtheinitialdelaytimeofreflections･Thearrowwidthshowsthemodulation

intervalofeachrenection･)
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2.4.2Statisticalcharacteristicsoftheacousticalmodel

Thestatisticalcharacterofmean-squaredamplitudeforthemode一was

examinedasfollows.

Inthistime, /(H isequiva】enttoasinewave,thesoundpressureatapoint

canberepresentedasfollows,

p(t)-∑sin,ot'R"h,,(i-i")
1J

-∑R"sin(,ot-wt")〟

津.sin,oto･RISin(wt-tutl)･R2Sin(,Oト wE2[･･･)･ (6)

-sina,I(R.･RICOS,Utl･R2COStOt2････)
･costot(RISintotl･R2S･'n(012十-)

Whentndistributesaccordingtoformu】a(4),(tJtnaresimplydenotedbya〃･

hl lt2

p(i)-sinEot(Ro･Rl‡cosa･･･R2‡cosaj･-)Z I
〝1 I12

'cos(ot(Rl貫sinaL･+R2∑ sinaj+I.･)/

-sin(t)I(R.+rl+r2+･･･)+COSalt(Sl+S2+･･･)

-sinttJE(R｡+r)+costtJt(S)

(7)

Thedistributionofa,･isflat(0 ≦ a,･≦ 27r)･However,itapproaches

normalityasnl,n2, ･･･-う∝),duetothecentrallimittheorem.Consequentlythe

distributionofeachtermincludingthetrigonometricfunctionbecomesanormal
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distribution.ThevariablesrJ,r2,51,S2,etC,arenormallydistributedvariables･

Sincethenormaldistributionreproducesitselfbycomposition,〟and∫arealso

normalvariables.ThefundamentalequationofNakagami-Ricedistributionis

㌔ -il(Ro･ r)2･S2] (8)

Consequently,thedistributionofthismodelcanbeapproximatelyapp]iedto

Gammadistribution.
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2.5SPLsimulation

2.5.1ConditionofSPLsimulation

Inthissection,SPLsimu)ationwasmadetoexaminetherealitysoundfield.

SPLwassimulatedinordertoconfirmtheappropriatenessofthistime-variant

modelforthemeasuredSPLchange.Theinitialvaluesfordelaytimetnoand

amplitudeRnofeachreflectedsoundwerecalculatedateachobservationpoint

inthegymnasiumusingthegeometricalsoundraytheory.Theconditionsofthis

calculationareasfollows.

Thedelaytimeofreflectionswaswithin500msfromthedirectsound,

andthereflectionfrequencywaswithin3times.Thesoundsourceandrecelv)ng

pointsweresetatthesamepointsthatthemeasurementwasdone.Figure14

Showsl九egymnasiummodelbasingonthegeometricaltheory･Figure15shows

theimpu】seresponsecalculatedbythismodel.

Fig･14Thegeometricalmodelofthisgymnasium･(Floor:woodflooring,Wall:concrete,
Ceiling:rockwoolboard･)
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basisofgeometrysoundtheory･(Upper:observationpo)'nt,Al,bwer:K2)
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2.5.2 Examinationofmodulationpattern,♂(り

BeforeperformlngtheSPLsimulation,themodulationpatternofdelay

time(P(i))wasexamined.

Themodulationpatternofdelaytime(♂(り)canbeadoptedbyrandom

noise,periodicalwaves(likesinewaves),andbandwaves･Itcanbeconsidered

thatSPLcalculatedbyrandom noisewouldchangerandomly,andthatby

periodicalwaveswouldchangeperiodically.SPLsimu]ationsweremadeby

us】ngeachmodulationpatternofdelaytimeforreflections,0.1-HzOct-band

wave,1.0-HzOct-bandwave,1.0-Hzsinwaveandwhitenoise.Figure16shows

theresultscalculatedSPLbyeachmodulationpattern,andwerecomparedto

measureddate･Figure17showstheenvelopefrequencyofSPLchange.Itwas

supposedthattheFrequencycharacterofSPLrelatesthemodulationpattern.

Andtherearealsomanyothertypesofmodu]ationpatternsinoctave

bandwaves,so1/1octavebandnoisewaschosenandexamined,Thefluctuation

interval(α〃)iscontrolledsothatithasthesamestandarddeviationasthatof

themeasureddata･Figure18ShowsthemeasuredSPLandl九ecalculatedSPL

modu]atedbyoctave-bandwavesfromO･1-toO･51Hz(atobservationpointKl,

2･0-kHz)･Thehigherfrequencyofthemodulationbecomes,themorethe

simu]atedSPLisfluctuated･NextthefrequencyenvelopeofSPLchangeistobe

examined(Figure19)･ThefrequencyenvelopeofsimulatedSPLchangebyO･2-

Hzoctave-bandwaveresemblesthatofmeasureddataatthispoint.Figure20

showstheSPLfrom0,5-to16.0-KHz,calculatedbyO･2-Hzoctave-bandwave･

ThecharacteristicofSPLchangeissimilartothatofmeasureddata.

Inpreviousstudyconcernlngthedetectionoffluctuation,thenormal

rateoffluctuationingoodvibratowasbetweensixandsevenpersecond,i･e･

0･14-0･17Hz(CarlSeashore,1936)･
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Fig･20ThecalculatedSPLbyusingO･2-HzOct-bandnoiseatreceivingpointKl･(Showing

thefrequenciesofsinewavefromO･5-kHzto16･O-kHz･)

2,5.3Statisticaldistributionofsimulatedamp一itude

Thecumulativedensityofthemean-squaredamplitudeat2kHzofFigure20

isalsocomparedwithGammadistributionofFigure12.Thecumulativedensity

oftheamplitudefitsGammadistributionwell,asdoesthemeasureddata.
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pressure,+:themeasuredmean-squaredpressure.Thesolidlineindicatesthegamma

distribution)

2.6Conclusions

From theanalysesorSPLchangeandthestatisticaldistributionof

amplitudechangeforbothmeasurementconditions(airconditioningonandoff)

thefollowingCOnClusions,canbeinducted.

A changeinSPL isobservedwhentheairconditionlnglSOn･The

influenceisslgnificantinthefrequencydomain,above2･0-kHzIThehigher

frequencybecomes,moreSPLnuctuates･Sincethedistributionofamplitude

agreeswith Gamma distribution,SPL change occursresulting from the

combinationofthedirectwave(regular)andthechangingdelaytimeofreflected

sounds(irregular)･
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A time-variantimpulseresponseinwhichthedelaytimeofreflected

soundchangesovertimeisdevised･Basedonthecomparisonofthesimulated

SPL,uslngSOmemodulationpatternofdelaylimewiththemeasuredSPL,itis

foundthatSPLfluctuationbecomesstrongerasthemodulationfrequencybecame

higher･Fromtheanalysisofenvelope frequencyinSPLchange,theenvelopeofthe

measureddataresemblesthatoftheO･2-HzOcトbandwave.SPLcalculatedbyuslng

0.2-HzOcトbandnoiseshowsthesamecharacteristicsasthemeasureddata,andthe

cumulative density of the mean-squared pressure corresponds to Gamma

distribution.

Itmaynotbesohardtoconfirmthe-appropriatenessoftimevariantmodel

inthiscase.TheaircurrentwasthoughttobethefactorthatledtheSPLchangein

thischapter.Howevertherearesomeotherfactorsre]atlngtOthefluctuationofSPL,

Suchastheairspeedatoutletducts,thesystemofairconditioning,temperature

gradientsandthemovementofaplayerandanaudience.Theeffectsanditsextent

mustbcexaminedfurthermore.

Theimpulseresponseincludingtimevariantsystemwouldbeusedatthe

stageorthepsychologlCalCXperimentsinChapterⅢ andⅣ･
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CHAPTERIII

EFFECTSOFTIMEVARIANTSOUNDFIELD

ONSUBJECTIVEJUDGMENT(JND)

3.1Preface

ChapterIIIand IV descrivedtheeffectsoffluctuationsonsubjective

judgment(psycho】ogicalaspect)obtainedfrom theresu一tsofthreepsychological

experiments･Firstexperimentisconcerningwiththedifferentialthreshold(just

noticeabledifference)offluctuation,anditsresu]tsisshowedinChapterHL

Secondandthirdexperimentwereconcernedwithsubjectivepreference,andtheir

resultsisshowedinChapterⅣ.

Concernlngthesubjectivejudgmentofthesoundfield,psychologicaltests

relatedtoperceptionofcolourationwereperformed4)inthepasHime･Theresultor

thisexperimentsuggestedtheeffectivenessoftheauto-corre一ationfunction(ACF)

withregardtothesenseorhearlnginthetemporaldomain･

Thisfirstexperimentwasperformedwithrespecttotheeffectonsubjective

judgmentofsoundfieldvariationtoidentifythepSyChologlCalstandardsfわr

subjectivepreference･Anacousticmodeloftheimpulseresponsetakingaccountof

variationsofmediumwasusedassoundstimuli.Forthesubjectiveevaluat]'onof

soundfieldvariation,thesubjectwasaskedtojudgejustnoticeabledifference

(JND)inco】ouration･Also,therelationbetweentheACFofsoundstimulusand

JNDwasinvestigated.

Fromtheresultsofthise叩eriment,modu一ationinterval(』)aりNDofcolouration

increased,asthemodulationfrequencydecreased.InthecaseofMotifA,alowtempo

soundsource,JNDofA wassmallerthanMotifB,afasttemposoundsource.
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3.2Co一ouration

Justnoticeabledifferenceofcolourationwasselectedasaparameterof

subjectivejudgment･

Itwasfoundthatthesuperpositionofastrongiso]atedreflection(whose

delaytimewaswithinseveralmilli-seconds)tothedirectsoundcouldcause
I

anotherundesirableeffect,inparticularwithmusic,called c̀o】ouration,i･e･a

characteristicchangeoftheslgnalspectrum･Thesameistrueforaregular,i.e･

equidistantsuccessionofrenection(Kutruff"ROOM ACOUSTICS").Figure22

ShowstheexampleortheFourierlransfbrmofimpulseresponse.Sothedefinition

ofthecolourofasoundisglVenhereinanalogywithdefinitionsofpitchand

timbreasisfoundintheAmericanStandardofAcousticalTerminology(A･S･A･T)･

HoweverA.S.A.TdosenothaveadefinitionofLco]our'or'colouralion',thereforea

definitionwasproposedinanalogywiththeaboveexpressions･Anexampleof

definitionsofco一ourorcolourationofasoundsignalcouldbeglVenaSfollows:

"thecolourofasoundsignalisthatattributeofcoch】earsensationintermsof

whichalistenercanjudgethattwosoundssimilarlypresentedandhavingthesame

loudnessaredissimilar〃･Itmeansthatcolourationcanbeperceivedeasilywhenthe

colouredsignaliscomparedtotheorlglnalslgnal.Thisisnota】waysavailable,and

thereforeitisoftensaidthatcolourationisjudgedbycomparlngaSlgnaltoan

ìnternalreference'･Colourationisregardedasoneofthesoundobstacles･Soitis

thoughtthatthiscolourationshouldberemovedinthecaseofsounddesignlngfわr

concerthallandrecordingsoundfield.

Whereastimestructureofsoundstimuluswasconsistedofthedirectsound

andmodu一ateddelaytimeofthefirstrenectioninordertosimulatethefluctuation

inacousticaltransform function in thisexperiment･De]aystimeintervalof

reflectionthatwasseveralmilli-Secondsinthisexperimentalsoleadscolourationof

soundstimulus.
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Fig･22Irnp】useresponses(leftside)andabsolutevaluesoftransmissionfunctions

ofvariouscombfilters(rightside)･Whentheintervalofthedelaytimeisto,the

intervaloffrequencypeakwouldbe1/to･Uppercase,to=2･5ms,1/to=500Hz･
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3.3Experimentcondition

Inpreliminaryexperiments,Puretones,noisebands,andchordswereused

asthesoundsource,butitwasfoundthatthesoundpressurelevelvaried

considerablyasaresultoftherelationbetweenthedirectsoundandreflected

sound.Thereforeitwasdecidedtousemusicalsoundasthesoundsourceforthe

experiments･InordertoobservetheeffectsoflheeffectivedurationoftheACF(T

.),musicalsoundsofdifferingtempos,asshowninTab]e4,recordedinananechoic

room,werechosen.

Figure23Showsthedefinitionofthetimestructureforthestimulusandthe

fluctuationspanofAtl (A)･Usingsoundfieldofon)ythedirectsoundandthe

firstref一ection,therelativeamplitudewasmadethesame.Table5Showsthe

conditionsoftheexperiment.TheinitialvalueofAtlWasdecidedwithregardto

thepreferreddelaytimeofreflectionobtainedinpsychologlCaltestsforeachmotif･

Themodulationfrequency(Mf)ofAllWaSCOntrOlledsimp]ybyapuretoneusing

alowfrequencyoscillator(LFO)･As theMfwasconsideredtobebelowl･0-Hz,

fourstandardswerechosenaround1.0-Hz.Astheva]ueofAtlWasdecided

accordingtothemusic,thestandardsweredifferent.Thecontinuat]'Onlimeofthe

soundstimuluswassetatabout8seconds,andthestimu一uswaspresentedpaired

withthesoundstimuluswithoutmodulationbeingapplied･Thesubjectjudgedthe

JNDofthecolourationvariationwithadjustmentin』.Thejudgmentwascarried

outwithrespecttoamaximumof10timesrepetitivepresentationofthesound

stimulus.Thesubjectswere5ma】estudentsbetweentheagesof22and24yearsof

age.Figure24showsablockdiagram oftheexperimentalset-up･Thedelay

machineusedwasaDPS-M7(Sony),andtheloudspeakerwasBoseModel121･
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34

Table.4SoundSourceandTeofsoundsource.

Sound
SOurCe Title Composer Telms]

MotifA RoyalPavane Gibbons 127

MotifB Sinfonietta MalcolmArnold 43

Table.5 TestConditions.

Sound
Source Modulationfrequencyof∠]tl lnilialvalueof[dtl】p

MotifA O･2-,0･4-,0･8-andl･6-lHz] 120lms]

MotifB O･4-,0･8-,1･6-and3･2-lHz] 40lms]

Fig.23Timestructureofthedirectsoundandavariablereflection

P.Ydd-iS,Peec.akaenrd
reflectedsound

Fig.24Blockdiagramofexperimentedset-up･
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3.4Resultsanddiscussions

Figure25showstherelationshipbetweenMfandaveragedA atJND,as

wellasthestandarddeviationandtheregressioncurves･Fromthefigureitcanbe

seenthatforbothMotifAandMotifB,asMfbecomeslower,A atJNDincreases

andthestandarddeviationsof∠] increase.Thediscernmentofvariationin

colourationbecomesdifficult.

ItwasalsoobservedthatA atJNDforMotifA,whichhasalongTe,

WeresmallerandeasiertodiscernthanthatforMotifB.Fromthetestofsignificant

differencewithregardtoA ateachstandardMf(0･4-,0･8-,andl･6-Hz),itwas

foundthattherewasasignificantdifferencebetweenMotifAandMotjfB(p<0･01)･

Asshownbelow,theregressionequationscouldbeexpressedinfollowlng

formsanditcanbeseenthatMotifAisrelatedtoMotifBbyasimpletranslation･

35

A(JND)日嗣 +b,

Theregress)IoncurveforMotifA:

A(- )-憲 一10, (R-0･95,･

TheregressioncurveforMotifB:

A(JND)FS
35

(MfI011)
+10, (R=0･98)･

(9)

(10)

(ll)
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a

='1...i;i.tt

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

ModulationFrequency｢Hz1

Fig.24Therelationshipbetweenmodu一ationfrequencyand∠daりND･

----- :RegressioncurveforMotifA,

- :RegressioncuⅣefわrMotifB,

:MeanandstandarddeviationforMotifA,

:MeanandstandarddeviationforMotifB.
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3.5RunningTcofsoundfield

OnaccountofmakingtheeffectofACFofthesoundfieldclear,Teofthe

soundstimuluswascalculated.Asimulationwascarriedoutuslngthemeanvalues

ofA atJNDobtainedexperimentaHy.ThesixconditionsforeachMotif,12sound

fieldsinaHshowninTable6wereputoutinananechoicroom.Thesetsofdata

wereanalyzedafterpasslngthroughtheA-weightingnetwork.

Figure26showstheresultofrunnlng Teanalysls･Ingeneral,itcouldbe

thoughtthattheTevaluesofsoundfie]dwouldbelongerthanthoseofthedirect

soundbecauseoftherenections.Comparedwiththesoundfieldofdirectsoundat

eachtimepassage,Teofsoundfieldswithfixedreneclionbecome一ongerforeach

Motif.TheTeofsoundf]'eldswithA arerelativelyshortercomparedtotheother

soundfieldswithoutmodulation.AstatisticalhomogeneltyOfvarianceisobserved

inaseriesofTeofsoundfieldwilhA (JND).

Tab]e.6CalculationconditionsoftherunnlngTeandthemeanvaluesofAat
JND.

MotifA

Soundfie】d 【』tl]p [msl A(JND) 【ms】

a-1 Directsoundonly

a-2

a-3

a-4

a-5

a-6

0

0

0

つん
つん
2

1

1

1

…
2

4

8

6

Il
0

0

O

1

l
4

8

3

8

Il
5

0
ノ
つ】
l

l
1

MotifB

Soundfield [dtl]p 【ms] ｢ー～m｢■_Lノヽ
DNTJdZ'5

』JiZHIrlM

b-1 Directsoundonly

‥
4

8

6

2

…
0

0

1

3

I
Oノ
1

5

3

Il
1

5

3

2

二
日目
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38

a)RunningT.of MotirA,一一一一一一-一･一一･:a3,･･ ･･:a4,--- -一･一:a5,
and一･･-････-･･-:a6.

b)Rumi ngTeOfMotifB,---I-･---:b3,-A ･･:b4,･--･---･･:b5,
and-･-･----･:b6.
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Figur627Showstherelationshipbetween T｡valuesofsoundfieldswith

andwithoutA.AsolidlineindicatesTeofsoundfieldwithoutA,andadotted

lineshowstheminJ'mum Tewith A (JND)･Themaximumdifferencebetween Te

valuesofsoundfieldwithoutA and revaluesofsoundfieldwithA,whichmay

beregardedasacueofJNDareabout70ms.

[S
且

(
G

Nf
)

V

W

A
p
T21J
p
u
n
O
S
J
O

ド

0

0

5

0

2

2

0

0

0

5

1
㌔

≡70ms

0 50 100 150 200 250

Teofsoundfieldwithout∠][m s]

Fig.27Therelationshipbetween TeofsoundfieldswithandwithoutA atJND･

0 :TeatA JNDOfMotifA,
ロ :TeatA JNDOfMotifB,

- :TcOfsound丘eldwithout∠1,

: theshortestTeofsoundBeldwithA JND.
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3.6Conclusions

Fromtheresultsoftheexperiments,AJNDdiffersaccordingtotheACFof

thesoundstimulus･Thesoundsourcewithslowertempo(MotifA)whichhas

longerTeiseasiertodiscernthanthefastertempo(MotifB)･Fromtheana一ysisof

running Tcusingthemeanva]uesofAJNDObtainedexperimentally,Teofthe

soundfieldwithAJNDisshorterthanthesoundfieldwithoutA.Themax]'mum

differenceofTebetweensoundfieldwithandwithoutA isabout70ms.From

theseresultsitisconcludedthatthereisapossibilitythatthesubjectivejudgment

forthesoundfie]dvariationismadethrough ACF(Te)asacue･

Intheexperimentsabove,asinewavewaschosenforthevariationmethod

forAllHowever,from theanalyseddata,AtlVariessimilarlyaband-passnoise

wave,JNDtestuslngOCtaVe-bandasmodulationpatternwaveperfわrmedlater.The

resultsareshowninAppendixB.
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CHAPTERⅣ

EFFECTSOFTIMEVARIANTSOUNDFIELD

ONSUBJECTIVEPREFERENCE

4.1 Preface

In thischapter,the effectsoffluctuationson subjective preference

(psychologicalaspect)wasexamined･Concerningwiththere一ationshipbetween

subjectivepreferenceandsoundfield,inthepast,psychologlCaltestsrelatingto

reverberationtime(RT),delaytimeofthefirstreflectionsound(All),SPLatthe

receivingear(LL)andinterauralcrosscorrelation(IACC)wereperformed･From

theresultsoftheseexperiments,itwassuggestedthatupperfourparametersare

relatingtothesenseofhearlnglnSubjectivepreference,andtodesignofthemost

preferablesoundfieldinroomacousticsl),2)3)･sothepurposeoftheexperimentsin

thissectionwastheassertionofwhetherthismodulationcanbetheonefactorof

subjectiveprcference･

Twoexperimentswereperformed･Inexperiment1,thedelayl]'meofthefirst

reflectionsoundwasvariedatdifferentdelaytime,andinExperiment2,thedelaytime

intervalofthefirstrenection(A)wasvariedasthestandard･Anacousticalmodelofthe

impulseresponsetakingaccountofvariationsofmedium wasusedassound

stimuli.And sound stimuliwerepresented asapaired.Forthesubjective

evaluationofsoundfieldvariation,thesubjectwasaskedtojudgewhichsound

rie】dwasmorepreferable.

FromtheresultsofExperiment1,itwasfoundthattherelationshipsbetween

scalevalueofpreferenceandAILWeredifferentunderconditionswithandw]'lhout

modulation･』tlthatshowedthepeakwithmodulation([』tl】｡…)becameshorterthanthat

obtainedwithoutmodulation.

FromtheresultsofExperiment2,]'tcanbesuggestedthatasoundfieldwhich

includestimevariantsystemhasaffectsubjectivepreferenceintheperformanceofmusic
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whichhasashortTcA

4･2Thecalculationmethodofsubjectivepreference

Thesubjectiveresponseinthischapterispreferenceforsoundfields.This

methodjsbasedontheThurstonianlawofcomparativejudgments,andusesthe

linearrangeofthecumulativedistributionfunctionofthenormaldistribution.

Case-V,thatassumesdiscriminativedispersionstobeequalforallstimuli,is

widelyknownasasimplestformofthelawofcomparativejudgment･

Table7illustratestyplCalpairedcomparisonresultswithaslnglejudgment

foreachpair.Winsand10ssesrespectivelyareshownbythescore1and0whereas

atiewhichmaybeconsideredforahypotheticalpreferencetestwithitselfis

shownbythescoreO･5･AndoandSinghhavedescribedhowthescalevalueor

soundfieldsforeachindividualasfoHows5).

S,･-J盃(2T;I-N)
2〃

(12)

WhereS･denotesthescalevalueofsoundfieldi,andTidenotesthetotalscoreofI

soundfieldi,andNdenotesthetotalnumberofsoundstimulus･Inthischapter,

upperequationwasusedinordertocalculatethescalevalueofsubjective

preference.

Table7Anexampleofpreferencescoresheetwith〃(thenumberofstimlus)≡5･

S1 S2 53 S4 S5 ri ∫f

l

つん

3

4

5

-

J

t

I

S

S

S

S

S

0.5 0
1 0.5

1 0

0 1

0 1

0 1 1 2.5 0･0

1 0 0 2.5 0･0

0.5 1 1 3.5 0･5

0 0.5 1 2.5 0･0

0 0 0.5 1.5 -0･5
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4･3Effectsonsubjectivepreference(Experiment1)

4･3･1Themethodorexperiment

Table8and9showexperimentalconditions･Inordertoobservetheeffects

oftheeffectivedurationoftheACF(Tc),musicalsoundsofdifferingtempos

recordedinananeChoicroom,werechosenassources】gnal.丁｡wasdefinedby

thetimedelayfortherectifiedACFenvelopedampenedtoO･1.Singlereflection

soundfieldwasused,andtherelativeamplitudeofdirectsoundandthefirst

reflectionwasmadethesame(Figure23)･TheinitialvalueofAt上WasSelected

aroundtheminimumvalueTcobtainedbytherunnlng TcanalysisOfeachmotif,

whichwasthoughttobethemostpreferreddelaytimeofthefirstreflection,sothe

standardsintermsof∠ltlWeredifferentineachmotif.Figure28Showsthe

runnlngTcofthedirectsound･lnAppendixC,therunnlngTeofdirectsoundfor

eachmotirwillbeexaminedindetail.

Asthemodulationpatternofthedelaytimewasconsideredaround0.1--

0.2-HzOct-bandwavefromtheanalystsOfSPLmeasurementinagymnasium,the

modulationfrequency(Mf)of△t.wascontrolledsimplybyO･1-Hzsinewave

us】ngaslgnalosciHator･Figure29Showsablockdiagramortheexperimentalset-

up･

Thereweretenstimuliineachmotif,(fivestandardsforAtl bytwo

standards,thatwerewithandwithoutmodu一ation)･Thestimuliwerepaired,and

thesubjectsjudgedwhichsoundfieldwasmorepreferable.Intheexperiment,

presentationofthesoundstimuluswasrepeated8timesforeachsubject･
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44

Table.8 Experimentalconditions.

Items S

MotifA:RoalPavaneb Gibbons
Soundsourceofstimuli

MotifB:Sinfoniettab MalcomArnold

Thedelaytimeofthefirst

refleclion∠]tl[ms]

MotifA:40,60,80,120,160

MotifB:30,40,60, 80,100

Modulationmethod a)withoutmodulation

withmodulationb SlneWave

Modulalionfrequency
0.1-Hz

Modulationinterval

』 [ms]

MotifA:24.0

MotifB:30 .4

Subjects
Two female and two male ofthe ages

between22and30yearsold

Thepresentation

procedureofthepaired

slimulus

stimulusA)-一一--一日-
interval

stimulusB)一一一---一一

selectioninterva】一一一-一一一

forjudgingthesoundfield

whichwasmorereferable.

(6seconds)

(1seconds)

(6Seconds)

(2seconds)

Table･9Theexperimentalconditionsofsoundstimulus.

Numberof

sotJndstimulus Atl

MolifA

Modulation All

MotifB

Modulation

1 40 Without 30 Without

2 60 Without 40 Without

3 80 Without 60 Without

4 120 Without 80 Without

5 160 Without 100 Without

6 40 With 30 With

7 60 With 40 With

8 80 With 60 With

9 120 With 80 With

10 160 With 100 With
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4

3

0.

0【S】
2

1

0
.

0

<

･･-

31 ∫-I-∫_一一■ーヽ一､--ヽヽ､一､
1 2 3 4 5 6 7 8

Time一一一一一>[S]

Fig.28RunningTeofdirectsoundsource.

(AlineshowstherunningTcofMotifA,dottedlineofMotifB･)

(NF1930A)

Fig.29Ablockdiagramofexperimentalset-up.
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4.3.2Resultsanddiscussions

Figure30,31,32and33andFigure35,36,37and38showrelationships

between subjectivepreferenceofeach subjectand A ll With and without

modulationofeachmotir･Figure34and39showmeanscalevalueand ± 1SD

ofa114subjectsineachmotif.Table30,31,32,33,34,35,36,37,38and39show

resultsofone-wayanalysュsOfvarianceforupperfigures･

AsforMotifAasthesoundsource,scalevalueswithmodulationordelay

timeinsubjectFFwererathersmallerthanthatwithoutmodu)ationofdelaytime

inFigure32.Scaleva一ueswithmodulationinsubjectsMSandFIwererelative一y

largerthanthatwilhoutmodulationattherangeofshortAllinFigure31and33.

Thedelaytimesatthemaximum scalevalueofsubjectivepreferencewithout

modulationwere60or120ms,whilethatwithmodu一ationwas80ms,excluding

subjectFI.

AsforMotifB asthesoundsource,scalevalueswithandwithout

modulationofeithersubjectwereintersectedmutuaHy.Thedelaytimesatthe

peakscalevaluewithoutmodulationwere40or60ms,whi一ethatwithmodulation

variedfrom301060ms･Thespecificdifferencewasnotfoundinl九eindividual

di批renceateachdelaytimeinbothcasesandmotifs.

FromFigure34and39,itwasfoundthatthestandarddeviationofscale

valuewithmodulationwasrelativelylargerthanthatwithoutmodulation.TheA

tlShowingthepeakscalevalueswithmodulationwasshorterthanthatwithout

modulationinbothmotifAandB･Themostpreferreddelaytime([』t.]｡and[』

tl】pm)wasderivedfromeachregressioncurveofFigure34and39,asshownin
Table20.
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a
IdDS

MK

ド l l l

MK

＼

l

40 60 80 120 160

』t1--- > 【ms]

Fig･30Therelationshipbetweensca]evalueofsubjectMKforMotifAandAt上(Upper:

withoutmodulation,below:withmodu一ation)･

Table.10Resultofone-wayanalysisofvarianceforupperngure (*:p<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

1 ■ ミキ≡≡≡三三;凍難;三㌔::;:≡;;** **

2 I 辛 ** ≡三:;≡;;三三≡≡;*;=群:;:;;;:::::: ** **

3 ** ** 揖束軽㌶
4 ** ** ≡;≡;…≡三三;三三II-*=≡=:=::≡=…≡;‥ *
5 ** ** ■
6 * ** ** **

7 ** * *
8 ** **

9
10
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Fig･31Therelationshipbetweensca]eva]ueofsubjectMSforMotifAandAt.(Upper:

withoutmodulation,be一ow:withmodu一ation)･

Tab)ellResultofone-wayanalysisofvarianceforupperfilure(*:p<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

2 ** *

3
4 ** **
5
6 *
7
8 辛
9
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Fig･32There]ationshipbetweenscalevalueofsubjectFFforMotifAandAtl(Upper:

withoutmodulation,below:withmodulation)･

Table12Resultofone-wayana】ysisofvariance丘)rupperfigure(*:p<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

1 辛 三三≡;童キ横三*≡;;;;!芋≡≡ぎ **
2 辛 ** :≡:;:≡;i≡if紫蘇藻;;圭 辛
3 * ** ** ** **
4
5 ** ** :;:≡:::.::三=三二能=;≡;:;:i:≡:;
6 辛 **
7 ** ** **
8 辛 *
9
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Fjg･33TherelationshipbetweenscalevalueofsubjectFIforMotifAandAt.(Upper:
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Table13Resu】tofone-wayana]ysisofvarianceforupper8gure(*:p<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

1 ** ** * ** ** **
2 ** ** ** **
3 ** ■ ** **
4 ** ** *
5 辛
6 ** **
7 辛 **
8 辛 **
9
10
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Fig･34Therelationshipbetweensca]eva]ueofallsubjectsforMotifAandAt.(Upper:

withoutmodulation,below:withmodulation)･

Table14Resultofone-wayanalysisofvarianceforupperfigure(*:p<0･05,**:p<0･01)･
1 2 3 4 5 6 7 8 9 10

1 辛 ** ** :≡:;二三三;:;:;:*二三二:二≡‥三二三≡≡壬 **

2 ** ** ;!≡!三;;三≡;≡半群三㌔告 *

3 * ** **

4 辛 ** ** 章凍穀粒 **
5 ** **
6 ** ** **
7 ** ** **

8 * *
9
10
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Fig･35TherelationshipbetweenscalevalueofsubjectMKforMotifBandAtl(Upper:

withoutmodulation,below:withmodulation)･

Table15Resullofone-wayanalysisofvarjanceforupperfTlgure(辛:P<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

2 ** ** ** ** ** ** 暮■

3 ** ** ** ** ≡;≦=ぎ≡≡≡三三至紫蘇童:妻≡妻≡幸三ぎ;‡三** **
4 ** ** ** ** *
5 ** ** ** **
6 ■ ** ** **
7 ** ** **
8 ** **
9 **
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Table16Resultofone-wayanalysisofvarianceforupperfiSure(*:p<0.05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

2 ** ** ** ** ** **

3 ** ** ■■ ;去三;;…!:;凍車妻:三三三;;≡:;I ** **
4 ** ** ** ** 告※牛車㌍≒≡ち **
5 ** ** ** **

7 ** ** **
8 **

9 **
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Fig･37TherelationshipbetweenscalevalueofsubjectFFforMotifBandAll(Upper:
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Tab一e17Resultofone-wa sisofvarianceforu <0.05,**:
1 2 3 4 5 6 7 8 9 10

1 ** ** ㍊妻嫌鳥篭… **

2 ** ** ** **

3 ** ** ** 亨;三≡毒手≡雄三*:主;妻三三三三三;,三≡: ** **

6 ー ** ** * **

. 9 t**
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withoutmodulation,below:withmodulation)･

Tab】e18Resultofone-wayanalysisofvarianceforuppertllgure(*:P<0,05,**:p<0.0
1 2 3 4 5 6 7 8 9 10

1 * ** **
2 * ** ** **
3 ** ** ** ** ≡技手怒涛諌;A:i壬三…ま:.≡.;三妻三 ** **
4 ** **
5 ** ** ** **

6 **
7 **
8 **
9 **
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Fig･39TherelationshipbetweenscalevalueofallsubjectsforMotifBand∠】t.(Upper:
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Table19Resultofone-wayanalysisofvarjanceforupperfigure(*:p<0･05,**:p<0101)･

1 * ** ** ** ** **
2 ** ** ** ** ** **
3 ** ** ** 高潔車宗主** **
4 ** ** ** ** **
5 ** ** ** **
6 ** ** **
7 ** ** **
8 **
9 **
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Figure40showstherelationshipbetweennormalized.4tlbylAtl],andthe

scalevalue･Frompreviousexperiments,scalevaluecanbeexpressedinequation

(12)･

S- alxr3/2,

x-】og.0(Atl/lAtll),

Then,

(13)

(14)

Differentnumbersofα va】uesdependingonthecasesofwithorwithout

modulationaregivenaSfollows.

(Withoutmodulation)

a -

1･8 (0≧x)

6.5 (0<x)'

(Withmodulation)

(ズ=∃
3･0 (0≧Ⅹ)

3.4 (0<Ⅹ)I

(15)

(16)

Intherangeofx<0,i･e･All<lAll],,thedegreeofinclinationcurve

withoutmodulationbecamesmall.Onthecontrary,intherangeofx>0,i.e.』tl

･[』tl]p,thedegreeofinclinationcurvewithmodulationbecomesmaller･

Tablet20 [At.],obtainedbyregressioncurvesinfigure34and39･

Soundsource

withoutmodulation:119
MotifA

withmodu】ation :103

w ithoutmodulation: 44
MotifB

w ithmodulation : 34
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Fig･40TherelationshipbetweenAll/lAt.1,andscalevalueofsubjectivepreference･
(0:scalevaluesofsubjectivepreferencewithoutmodulation,+:scalevalueswith
modulation,lineshowstheregressioncurveforO,dottedcurvefor●.)
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4･4Effectsonsubjectivepreference(Experiment2)

4･4･1Themethodofexperiment

Inthisexperiment,musicalsoundsourcesMotifAandB,ShowninTable8

werealsousedassoundsources.Fluctuationofsoundfieldissimulatedbysimple

impuluseresponsewhichisconsistsofthedirectsoundandthesinglerenectionwhose

arrivaltimewasvariedcyclically,asutilizedbeforeandshowninFigure23with

definitions･Therelativeamplitude(AJAd)ofdirectsoundandreflectionsoundwas

fixedattheconstantvalue.Theinitialdelaytime(All)wasadjustedtothemost

preferreddelaytimeofreflectionwhichwasobtainedinthepreviousexperimentfor

eachmotif･Table21Showstheexperimentalconditionsintermsofinitialdelaytime

orthefirstreflection(』tl)andmodulationinterva一0fdelaytime(』).Sixstandards

ofthemodulationinterval(A)wereset.EachAwaschosenaroundthevaluesofjust

noticabledifference,JND.

Thoughitwasassumedthatoctavebandwaveswerethoughttobethe

modulationpatterninChapterII,themodulationofdelaytimewascontrolledbythe

sinewave.Themodulationfrequency,0･1-Hz,wasdecidedbecauseitisactually

expectedtobe0.1--0.2-Hz,whichwasobservedintheexaminationofSPLchange.

Thedurationofthesoundstimuluswassetinabout8secondsinterval,andthe

pairedstimuliwerepresented･Subjects,agedfrom22to30,wereaskedwhichoftwo

stimulimorepreferablewas･Foursubjectsparticipaled･A b一ockdiagram ofthe

experimentalseトupwhichwasthesamesystemofsection4･3isshowninFigure29･
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Table9･Experimentalconditionsintermsofinitialde】aytime(』tl)andmodu一ationinterval

(A)ofde]aytime,andshowingsoundBeldnumber.

【MotifA]

Numberof Theinitialdelaytimeof Modu】ationofdelay

soundfield thefirstrenection

1 120 0.0 Without

2 120 8.0 With

3 120 16.0 With

4 120 24.0 With

5 120 32.0 With

6 120 40.0 With

【MotifB]

Numberof Theinitialdelaytimeof Modu】alion｡fde一ay

soundfield thefirstreflection

1 60 0.0 Without

2 60 15.2 With

3 60 30.4 With

4 60 45.6 Wilh

5 60 60.8 With

6 60 70.9 With
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4.4.2Resultsanddiscussions

Figure41,42,43and44showstherelationshipbetweenscalevalueof

subjectivepreferenceforeachsubjectandmodulationinterval(A)･Figure45shows

therelationshipbetweenmodulationinterva一andthemeansca一evalueofsubjective

preference･Table22showstheresultofone-wayanalysisOrVarianceforFigure45･

FromFigure41,42,43and44,threesubjects(MK,FFandFO)oHour

subjectsforMotifAandthreesubjects(MS,FFandFO)forMotifBpreferredthe

stimuliwithmodu一ationofdelaytimeratherthanthatwithoutfluctuation,

FromFigure45,itcanbeseenthatscalevaluewithmodulationisbiggerthan

thatwithoutmodulationinbothMotifAandB･Fromtheregressioncurvesofthis

figure,themodulationintervalofdelaytimeshowlngthemaximumva]ueofsubjective

preferenceisabout0ms,ilmeanswithoutmodulation,forMotifA,andisabout13ms

forMotifB,thatiswithmodulation･Thereissignificantdifference(p<0･05)between

soundstimulus1(withoutmodulation)and2(withmodulation)inthecaseorMotirB･

Thereisnoslgniricantdifferenceinthecase0fMotifA.

Inconclusion,itissuggestedthatasoundfieldwhl'chinc)udesalime-variant

systemmighthaveabettereffectonsubjectivepreferenceintheperformanceofmusic

whichhasashortT e.
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a
t

t!U
S

MS

⊥⊥

MS

｢ T T

エ +

l

015 30 45 60 70
Modulationinterva]-一一>【ms]

Fig･42 There]ationshipbetweenscalevalueofsubjectivepreferenceforsubjectMSand

modulationintervalofde]aytime(Upper:MotifA,IAWer:MotifB,blackandwhilecircle:

meanscalevalueateachmodulationinteⅣa1,upperandlowerline:±1SD).

63



cHAPTERⅣEFFECTSONSUBJECTIVEPREFERENCE

∧

･-
･･

a
n
tt2^

a
td3S

5

5

0

0

∧
･････
a
nld
>
aT
t!3
S

｢ FF

｢

lFF

ド l 丁

015 30 45 60 70
Modulationintervaト ーー>[ms]

Fig･43There]ationshipbetweenscalevalueofsubjectivepretlerenceforsubjectFFand

modulationintervalofdelaytime(Upper:MotifA,Lower:MotifB,blackandwhilecircle:

meanscalevalueateachmodulationinterva一,upperandlowerline:±1SD).

64



CHAPTERIVEFFECTSONStm ECrlVEPREFERENCE

5

5

0
.

0I

∧

･-
･･
an
Td
^

a
l
dUS

5

5

0

0I

∧

1-
･
･a
n
ltẐ
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-----:regressioncurveforMotifA,SV--0･00035(A-22･6)(A+52･3)

- :regressioncuⅣefわrMotifB,∫Ⅴ三一0･00032(A-50･4)(A+13･4)

Table22 Resullofone-wayanalysisofvarianceforupperGgure(*:p<0.05,*
MotifA MotifB

1 2 3 4 5 6 1 2 3 4 5 6
1 * ** * **

2 * ** ** 辛 **
3 ** * **
4 * **
5 **

*:p<0･01)･
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4.5Conclusions

FromtheresultsofExperiment1,itwasfわundthat【』tl]｡,Whichwasobtained

from apairedcomparisontest,wasshortenedbyaddingthemodulationtothe

de]ay-timeoflhefirstreflection.Itwasalsofoundthattheregressioncurvefromthe

figurethatwasplottedbylA tl],differedbetweenthetwocases,thatwerewilhand

withoutmodulation･WhenA tl<lA tl],,thescalevaluewithoutmodu]ationbecame

biggerthanthatwithmodulation,andat∠]tl>[』tl],,SCalevaluewithmodulation

becomebiggerthanthatwithoutmodu一ation.

From theresultsofExperiment2,itcanbeseenthatscaleva一uewith

modulationisbiggerthanthatwithoutmodulationinbothMotifAandB.Fromthe

regressioncurvesofthisfigure,themodulationintervalofdelaytimeshowlngthe

maximumvalueofsubjectivepreferenceisabout0ms(withoutmodulation)forMotif

A,andisabout13msforMotifB,thatiswithmodulation.Thereissignificant

difference(p<0･05)betweensoundstimulus1(withoutmodulation)and2(with

modu一ation)inthecaseofMotifB･

Inconclusion,itissuggestedthatasoundfieldwhichincludesatime-variant

systemmighthaveabettereffectonsubjectivepreferenceintheperfわrmanceofmusic

whichhasashortTe･Inthistwoexperiments,asinewavewasuti】izedasthe

modulatiorlmethodofthefirstrenection.
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CHAPTERV

SUMMARYANDCONCLUSIONS

5.1SummaryandConc一usions

lnChapterI,previousstudiesoftimevariantsystem andaim ofthese

studiesaresummarized･ThesestudiesfocusedonphysicalandpsychologlCal

aspectsoftimevariantsysteminroomacoustics.

Withrespecttooutdoorsoundpropagation,t]'mevariantssuchasfluctuation

ormodulationofsoundpressurelevelweretakenintoconsiderationinmany

studies.Issuesofroomacousticshavebeendiscussedonthebasisofsteadystate

soundfields,andtimevariantshavebeenmostlyIgnored.Butthemovementsofa

playerandaudienceandtheenvironmentalchangescouldberegardedastime

varylngSystemeffectingonthesoundtransmissioninroomacoustics･

Inordertomakeeffectsofthisfluctuationclear,thestudywasconductedas

follows.

FirstofaH,therelationbetweenchangesofthesoundtransmissionfunction

inaroomandindoorenvironmentalchangesuchasaircurrentsandtemperature

gradientswereexaminedphysica]1yinordertoclarifythemechanism ofthe

fluctuation.

Then,thepsychologicaltestswereperfわrmedinordertoobservetheeffect

ofthef一uctuationonsubjectivepreference･Thelimevariantmodel,whichwas

discussedinthephysicalexamination,wasusedfortheselests･

InChapterII,thefeatureoffluctuationofsoundpressurelevel(SPL)was

examinedwiththedatameasuredinagymnasium.Fromthefeatures,anacoustical

modelincludingtimefluctuationwasdevised.

Firstofall,SPL producedbyapuretone(500-Hz～ 16-kHz)were

comparedwiththeairconditionlngSystem Onandoff.SPLchangewasclearly
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Observedatfrequencieshigherthan2-kHz,whentheairconditionlngWasOn･As

thefrequencyIncreased,SPLchangebecamestronger.Themeanstandarddeviation

ofSPLchangeofa】lobservationpointswasabout0.9dBat2kHz,2･5dBat4

kHz,3･3dBat8kHz,and3･8dBat16kHz.From astatisticalanalysュsOfthe

amplitudechange,itscumulativefrequencycurvewasidentifiedasNakagami-Rice

dislribulion･Thus,itwasconcluded thatSPL change wasrelated lo the

compositionofaregularcomponentandirregularcomponents.

Accordingly,itwassupposedthattheimpulseresponseconsistedofthe

directsound (regular)and thechanging delay-timeoftherenection sound

(irregular)･Fromexaminationoftheformula,statisticalcharacteristicofthismode)

wasfoundtohaveNakagami-Ricedistribution.

Next,SPLwassimulatedbyusingthismodelinordertocompareactual

sound fields.Thecumulativefrequencycurveofamplitudechangeby SPL

simulationfittedtoNakagami-R)'cedistribution.

In ChapterIII,the effectsoffluctuationson subjectivejudgment(a

psychologicalaspect)wasexamined･Thejustnoticeabledifference(JND)ofthe

colourat]'onproducedbythedelay-timemodulationofthefirstreflectionwas

measuredinordertoidentifyeffectsonsubjectivejudgmentsandthepsychological

standardsforsubjectivepreference.

ThecommonexperimentalconditionsinChapterIII and Ⅳ wereas

follows･Thesinewavesofseveralfrequencieswerese]ectedasmodulationpaltern･

Soundst]'mulusconsistsofthedirectsoundandthefirstreflectionsound,MotifA

andBhavingdifferenteffectiveduration(Te)ofauto-correlationfunction(ACF),

wereusedassoundsources.

Inthisexperiment,subjectsjudgedJNDofclouralionbymeansofadjusting

themodulationinterval(A)ofthefirstreflectionde一ay-time･Fromresultsofthe

experiment,theJNDofA increasedasthemodu一ationfrequencydecreased.The

JNDofA forMotifA(theslowertemposoundsource)wassmallerthanthatof

MotifB(thefastertemposoundsource)･Inthisexperiment,therunning Teof

stimuliwasalsoanalyzed･Ingeneral,Teofaslnglereflectionsoundfieldbecomes

longerthanthatofadirectsoundfield,butTewithmodulationofdelaytime
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becomesshorterthanthatwithoutmodulation.Themaximumdifferencebetween

theTevaluesofsoundfieldwithandwithoutA,whichmayberegardedasaclue

ofJND,wasabout70ms.

ChapterN describestwoexperimentsintermsoftheeffectsofthetime

variantmodelonsubjectivepreference.Inexperiment1,thedelaytimeofreflection

wasvaried,andinexperiment2,thedelaytimeintervalwasvaried･Inbothtests,

stimuliwerepresentedasapaired,andsubjectswereaskedwhichsoundfieldwas

morepreferabletolisten･

Experiment1wasperformedinordertoobserveeffectsortheadditionof

fluctuationatdifferentdelaytime･Therewaretenstimuliineachmotif,(five

standardsfordelaytimeofthefirstreflectionAtl,bytwostandardsthatarewith

andwithoutmodulation.).From resultsofthistest,theAtlthatshowedthe

maximumscalevalueofpreferencewithmodulation([』tl],∩)becomeshorterthan

thatobtainedwithoutmodu一ation.Fromthisexperiment,therelationshipbetween

scalevalueofpreferenceand∠ltlWasfわundundertheconditionswithandwithout

modulation.

Experiment2wasperformedinordertoobservetherelationshipbetween

thescalevaluesofsubjectivepreferenceandthemodulationintervalofdelaytime･

Inbothmotifsthreeoffoursubjectspreferredmodulatedsoundfield･From the

regressioncurves,themodulationintervalofdelaytimeshowlngthemaximum

valueofsubjectivepreferenceisabout0ms(withoutmodulation)forMotifA,and

isabout13msforMotifB (withmodulation)･Thereissignificantdifference

(pく0･05)betweensoundstimulus1(withoutmodulation)and2(wil血modulation)

inthecaseofMotifB.Itwassuggestedthatatime-variantsoundfieldmight

improvesubjectivepreferenceintheperformanceofafast-tempomusicwhichhasa

shortTe.

ChapterV describesconclusionsandfurtherproblems.Fromtheresults

ofthephysicalexamination,itwasfoundthatwasslgnificantfluctuationsofSPLin

soundtransmission,andthemechanismoffluctuationwhichwasrepresentedbythe

impulseresponsewithmodulateddelaytimewasdiscussed.From theresultsof
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psychologicalexperiments,itwasobservedthatthenuctuationcontributedto

increasethescalevaluesofsubjectivepreferenceinafast-tempomusicwhichhasa

shortTc.

Conclusionsaresummedupasfわllows.

1)Thecumu】alivedistributionofmeansquaredamplitudethatwasobtainedinthe

gymnasiurnf).INakagami-Risedistribution.Thedistributionofsimulatedmean

squaredamplitudealsofitNakagami-Risedistribution.

2)FromtheresultoftheJNDofcolourationthatwascausedbythedelaytime

modulationofthefirstrenection,A atJNDincreasedasMFbecamelower.

3)InthecaseofMotifAthathadlorlg Teandwasaslowtempomusic,A at

JNDwassmallerthanthatobtainedinMotifB(afasttempomusic)･

4)Inthecaseofthesoundfieldwithmodulation,itwasfoundthatthescalevalue

ofsubjectivepreferencewasincreasedattherangeofshortAtl･

5)WhenMotifBthathasashortTewasse一ectedassoundsource,itwasfわund

thatthemostpreferredsoundfieldcouldbeobtainedwhenmodulation]'nterval

wasabout13.0ms.
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5･2Furtherproblems

ThefluctuationofSPLwhichwasthespec]'ficobjectinthisstudywas

examinedaboutitsphysicalmechanism anditspsychologicaleffectonsubjective

judgment･Theaircurrentscausedchangeinsoundtransmissionandledthis

f]ucluation,butiteasylypickedupotherfactorswhichcausedthechangeinsound

transmissionwithinaroomacoustics.

As forthephysicalaspect,futherproblemsarehowistheeffectsofother

factors(temparaturegradients,movementofplayersandaudiences),how isthe

extensionandallowanceofthem,whethertheacousticalmodelincludinglime

variantmodelwouldbeadoptedtootherattributsrelatingtothesefluctuationor

noL

ConcernlngthepsychologlCalaspect,therearestillsomeuncertaintyinthe

relationshipbetweennuctuationandsubjectivepreference･Allthepsychological

experimentshavebeenconductedusingthesinewaveasthemodulationpatternfor

thedelaytimeofthefirstreflectionsound･As forthefurtherproblemsin

psychologlCalaspect,themodulationpatternwouldbeexaminedinorderto

producemorepreferablesoundfields･Theteststhatarere]atlngtObrainwave

wouldmakethereliableeffectivenessoffluctuation.

Inthestudy,wehaveinvestigatedjustalittledeeperintotherelationship

betweenfluctuationinaroomandthesubjectivejudgmentforasoundfieldinroom.

Thisstudycanalsobeappliedtofurtherstudieswhichwillexpectedly,resultinthe

developmentoftheacousticdesignofthenuctuationinaroom,open-field

constructionandelectro-acousticequlPmentforsoundreproductionsystem.
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APPENDIX A

A.1 Statisticalcharacterofamplitudechange.

1)Rayleighdistribution

Itwassaidthatthenuctuationwascausedbythecompositionofirregular

amplitudeandphasewavesirregu一arly,whichcouldbeexpressedbyRayleigh

distribution.Thisdistributionisoftenusedinordertodescribethefluctuationinthe

electromagneticpropagationandreverberantsoundfield･Figure46illustratesfor

thecompositionofirregularcomponents･

Fig.46Thecompositionofirregularcomponents･

Amplitudecanbeexpressedbyequation(a-1)･

R(I)-写akCDS('如 Ok), (a-1)

Thedistributionofamplitudechangecanbeexpressedasfo】lows･

1

p(x,y)=訂 e-(x2･yZ)/2q2
(a-2)
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substitutionx=Rcos C,y=RsinC,andR-(x2+ y2)0151o equation(a-2).

2d

p(R)=意 e-R2/2oZIdO-芝 e-RZ/202･ (al3)0

Upperexaminationhasbeendoneundertheconditionsofirregularphase

andamp]itudechange･ButWaterhouseproofedthatthefluctuationwhichwas

causedbythecompositionofonlyirregularphasechangeeachotheralsocou一dbe

expressedbyRay】eighdistribution.

2)NakagamトRiciandistribution(IDdistribution)

Theamp)itudefluctuationwhichwascausedbythecompositionbetween

regularcomponentsandtheWaveslhatfollowsupperRayleighdistribution,couldbe

expressedbyNakagami-Riciandistribution[anothername,Iodistribution(zeroof

besselfunction)]･Figure47illustratesthecompositionofregularcomponentand

irregularcomponents.

Fig･47Thecompositionregularcomponentandirregularcomponent･

p(x,Y)-去 e-[̀x-h '2･yZJd ･ (a-4)

substituteRo+x=X=RcosO, y=Y=RsinC toequation(al4)･

p(R･0)-盲慧e~tR2･62-2RRo叫 (a-5)
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AfterintegrationfromOto2 2TintermsofC,nextformulaisobtained.

R

p(R)-云訂 elR2'621/202

2∬

Je恥 C/O2dO,
0

thenI?e- /02dO-2do(%),

p(R)-S e-lR 2･62)/2q2Io(票 ),

(a-6)

(a-7)

(a-8)

Nakagami-Riciandistributionmighthavetheconnectiontom-distribution

andGammadistributionasshownbelow.

･o(x)-fo
(-1)A(x/2)2k

k!r(k+1)
(a-9)

whenRRo>> C2,equation(a-5)canbeexpressedbyequation(a-6).

p(R)-右左e-'R･4'2/202･ (a-10,

3)m-distribution

M-distributionincludesRayleighdistributionandNormaldistributionina

particularcase,andhasthesimilarcharacteristictoNakagami-Riciandistribution.

P(R)-
2mmR2m-I

r(m)(R2)m
-m(RZ/R2)

(a-ll)

Whenm=1,m-distributioncorrespondstoRayleighdistribution･Itwas

saidthattheparametermrepresentsthedegreeoffluctuation.Thedistributionof

meansquaredamplitude,thatwasGammadistribution,couldbesubstitutedbyR2=

W andm=γ intoequation(a-12)･
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p(W,≡若 e-rW,
(a-12)

Itwasa】sosaidthatthisdistributioncorrespondedtoRayleighdistribution

when γ =I,andwasapproximatelyequalstoNakagami-Riciandistributionwhen

lノ>∫.
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JNDofcolourationbyuslngOct-bandnoise･

InchapterIII,sinewavewasusedasthemodulationpatternofthedelay

time.HoweverfromthenuctuationSPLanalysisinchapterII,itwasthoughtthat

themodulationpatternofdelaytimewas1/10Cトbandwave.SoJNDofcolouration

obtainedbyuslngOct-bandwaveasmodulationpatternwasperformed,andits

resultsareshownbelow･TheanalysisofTcwasdifferentfromthewayperformed

inchapterIII,sotheresultsweredescribedinthisAppendixB.

1)Themethodofexperiment･

Asfわrtheexperimenta一conditions,soundsource,timestructureofsound

stimulus,theexperimentalmethodandAllWereaSthesameasthatinchapterIII.

Fourstandardsofmodulationfrequency,0.1-,0･5-,1･0-and2･0-Hzwereselected･

1/10ct-bandnoiseatlowfrequencieswasgeneratedbythesoftwarewemadefor

thisexperiment.Figure48showstheblockdiagramofexperimentalset-up･Each

modulationpatternwasrecordedinDATandwas】nputintothedelaymachine.

Figure49showstimefeatureanditsspectrumofmodu】ationpattern･

Soundsource Mdu】ation
(TechnicsSV-DllOO)(SONYPC204A)

Fig･48Blockdiagramexperimentalset-up･

L o udsp eaker
(DIATO NEDS -7)
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2)Resultsanddiscussions

Figure50showstheresultsofthisexperimentcomparedtotheresultsor

chapterlll.Asthemodulationfrequencyincreases,A atJND decreases.A at

JNDusingOCtaVebandnoisearebiggerthanthatuslngSinewaveatanymodulation

frequencies.A atJNDuslngMotifA,slowertempomusic,aresmallerthanthat

usingMotifB,inthesimilarrelationshipobtainedinchaptertH.Itmeantthat

colourationinthecaseofMotifAwaseasiertodiscernthanthatofMotifB.』 ｡｡t

/A sinOfMotifBisrelativelybiggerthanthatofMotifA.
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3)T｡ofsoundfield･

Figure51showstherelationshipbetween TeValuesofsoundf]'eldswith

andwithoutA.ThesolidlineindicatesTeofsoundfieldwithout∠1,andadotted

lineshowstheminimum Tcwith∠](JND).ThemaximumdifferenceofT.values

ofsoundfieldbetweenwithandwithoutA,whichmayberegardedasacueofJND

wasabout190ms･Themaximum differencearebiggerthanthatobtainedbysine

waveasmodulationpatterninchapter III.
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4)Conclusions

A oe､isbiggerthan ∠1sin.ItmeansthaHhedesertionofcolourationbyOct-

bandnoisemodulationisdifficultratherthanthatbysinwavemodulation.AndA

ofMotifAissmallerthanthatofMotifB.Thesetendenciesaresimilartotheresult

ofchapterH･Theresultwouldbereferredinthenextexperimentorsubjective

preference.
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APPENDIXC

Therunnlng Teofsoundsource

ItwassupposedthatTeofthesoundlleldmightbeacueasforthe

subjectivejudgmentinthetemporaldomain･And Teistheimportantparameterto

designsoundfieldanddeterminesAllWhichwasthemostpreferabledelaytimeof

thefirstreflection.

Accordingly,authorshavesearchedfわrthestandardconditiontocalculate

Tcvalues･Anditnecessarytomaketherevalueofsoundsources(MotifAandB)

clearatthestageofthepsychologicalexperiment･Theproblem ofthe Te

calculationdependsontimeintervaHnordertogettheinclinationcurve･Itisnot

avoidabletocalculateTevalue.Therunning T.ofthedirectsoundinananechoic

roomofHazamaCorp･,Ibarakiwasexaminedbyvarylngthecalculationcondition･

1)Themeasurementcondition･

Figure52showsthemeasurementcond]'tjon.Thesoundsourcewas

measuredbytheaudiosystemthatwasusedforthepsycho]oglCalexperiments,and

throughA-weightedfilter.Theheightofthemicrophonewassetasthesameasthat

ofthesubjects'ears.
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Fig,52Themeasurementcondition.

2)Results

a)Conditionofanalysis.

Table23Showstheconditionofthe Teanalysis.TheanalysisWas

performedbyASA-2,thehardwareandsoftwaretoca】culalerunnlng Te.Inthe

caseofMotirA,4typesoftimewindowintervalwereselectedinordertocalculate

theinclinationcurveofACF.

Tablet23Thecalcu]ationconditionofrunnlng Teana)ysIS.

Parameteritem MotifA MotifB

Timeintervaltocalculateautocorrelation

function.
2000 2000

TimeintervaltocalculatetheincHnation

ofauto-correlationfunction.
50,75,100and125 40

Runninginterval[ms] 100 100
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b)TheresultofTeanalysis.

Figure53and54showtherunningTeofeachMotifanditswaveform.

Table24and25showslistsoffundamentalstatisticaldataforrunnlngTedata.

BecauseoftherunnlngTevaluesoffrontpartinMotifAisdifferentfromrearpart･

Sosoundsourceweredividedintotwodifferentsections,firstfor8seconds,and

firstfor6seconds.

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

time(S)一一->

Fig･53RunningTeofsoundsource(MotifA)･
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0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

tin℃(S)一一一一一>

Fig･54RunningTeofsoundsource(MotifB)･

Table･24 LislsoffundamentalrunningTedataforeachMotif･(Unit:ms,thelengthof

soundsourcewas丘rst8･9seconds･)

MotifA MotifB

Timeintervalfわr

inclination
50 75 100 125 40

MaximumTe 180.0 335.0 324.0 329.0 90.0

MinimumT. 44.0 75.0 99.0 116.0 34.0

AveragedTe 105.0 157.6 195.2 194.2 54.3

Standard

deviation
31.0 67.0 63.9 50.4 15.1
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Table･25ListoffundamentalrunningTedataforeachMotif･(Unit:ms,thelengthof

soundsourcewasBrst6･Oseconds･)

MotifA MotifB

Timeintervalfor

inclination
50 75 100 125 40

MaximumTe 180.0 335.0 324.0 329.0 90.0

MinimumTc 44.0 75.0 99.0 116.0 34.0

AveragedTc 104.2 159.2 194.3 195.9 49.9

Standard

deviation
32.9 79.9 73.1 57.0 14.0

3)Conclusions･

TevaluesofMotifAdependedonthetimewindowintervalintermsof

calculationoftheinclinationcurve.Morethan75ms,themaximum datawas

constant,buttheminjmumdataweredifferent.Asthetimeintervaltocalculatethe

inclinationbecomesshorter,theminimumdatabecomessmaller･Dataobtainedby

50msasthetimewindowshowedthesmallestvaluethananyotherdata.From

observationofanalysIS,atthecaseofmorethan75ms,Teshowedthestability.So,

75mswouldbeselectedasthetimewindowtocalculatethedegreeorinclination

curveforMotifA.ThedegreeofinclinationforMotifBhadthesametendencyof

MotifA.50mswouldbeselectedthetimewindow tocalculatethedegreeof

inclinationcurveforMotifB.
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