
Kobe University Repository : Kernel

PDF issue: 2025-12-05

On the subjective responses based on the
auditory-brain model in relation to the factors
extracted from the interaural cross-correlation
mechanism and the auto-correlation mechanism o…
sound fields

(Degree)
博士（学術）

(Date of Degree)
1999-03-31

(Date of Publication)
2009-03-11

(Resource Type)
doctoral thesis

(Report Number)
甲1898

(JaLCDOI)
https://doi.org/10.11501/3156299

(URL)
https://hdl.handle.net/20.500.14094/D1001898

※ 当コンテンツは神戸大学の学術成果です。無断複製・不正使用等を禁じます。著作権法で認められている範囲内で、適切にご利用ください。

Sato, Shin-ichi



博士論文

Onthesubjectiveresponsesbasedontheauditory-brainmodelin

relationtothefactorsextractedfromtheinterauralcross-correlation

mechanismandtheautoICOrrelationmechanismofsoundfields

聴覚大脳系のモデルに基づく音場の心理的反応に関する研究

一相互相関メカニズムおよび自己相関メカニズムから抽出されたファクターに基づく評価 -

Janurary1999

GraduateSchoolofScienceandTechnology

KobeUniversity

SHIN-ICHISAでO



Preface

Thisdissertationissubmitted,fortheDoctorofPhilosophydegree,toGraduate

SchoolofScienceandTeclmology,KobeUniversity,Japan.

Thisdissertationattemptstorevealtherelationshipbetweenthesubjective

attributesforsoundfieldandthefactorsextractedfrom theinterauralcross-

correlationfunctionandautocorrelationfunction,basedonthemodelofauditory-

brainsystem.

Iassumeresponsibilityforanye汀OrSWhichmayoccurinthepageswhich

follow.
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Chap ter1

Intro duction

1.1.GeneralPreface

Toproduceanexcellentsoundfieldinaconcerthall,itisnecessarytofindthe

slgnificantphysicalfactorsonthesubjectiveattributes.Soundsignalsproceedalong

auditorypathwaysandthemeanlngSOfthesignalsareinterpretedbythebrain.If

enoughwereknownabouttheauditorycognitivesysteminthebrain,thedesignof

concerthallscouldproceedaccordingtoguidelinesderivedfromtheknowledgeof

thissystem･Theauditory-brainmodelproposedhereisconsistsoftheinteraural

cross-co汀elationmechanismbetweenthetwoauditorypathways,theautocorrelation

mechamisms,andthespecializationofhumancerebralhemiSpheresfortemporaland

spatialfactorsofthesoundfield･Subjectivepreferenceforsoundfieldscanbe

calculatedfromthefourorthogonalphysicalfactorsofthetemporalandspatial

factors.Thisstudytriestorevealtherelationshipbetweentheothersubjective

attributes(imageshiftofsoundsourceandapparentsourcewidth,ASW)forsound

fieldaswellassubjectivepreferenceandthefactorsextractedfromtheinteraural

cross-co汀elationfunctionandautoco汀elationfunction,basedonthemodelof

auditory-brainsystem.Thefinalgoalofthestudyistocalculatethethesesubjective

attributesateachseatinconcertballs.
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1.2.PreviousStudies

1.2.1.Subjectivepreferenceforsoundfields

Torealizeanexcellentsoundfieldinaconcerthall,itisimportanttoidentify

theorthogonalfactorsinfluenclngSubjectiveevaluation･Usingdissimilaritytests,

Yamaguchi(1972)foundtwosignificantphysicalfactors,thesoundpressurelevel

andthereverberationcharacteristics･Edward(1974)alsotesteddissimiladty,and

reportedtheearly-echopattem,thereverberationtimeRT,andthevolumeleveltobe

thesignificantfactors･Schroederetal.(1974)avoidedusingill-deBnedadjectives,

suchas''intimate","warm.I,''rich",and"clear..,byconductingsubjectivepreference

tests.Theyfoundtwosignificantfactors,RTandtheinterauralcross-co汀elation

(IACC),definedbyDamaskeandAn do(1972)･KimuraandSekiguchi(1976)found

reverberanceandloudnesstobesignificantfactors.Wilkens(1977)foundthat

perceptionofstrengthandextensionofsoundsource,perceptionofclarity,andtone

colorareslgnificantsubjectiveattributes.SystematicinvestlgationsbyAn dowere

madetofindtheorthogonalfactorsinsubjectivepreferenceforsoundfields(An do,

1985)･Andodescribedfourorthogonalphysicalfactors(thelisteninglevelLL,the

initialtimedelaygapAtl,thesubsequentreverberationtimeTsub,andtheIACC),that

determinethescalevaluesofsubjectivepreferenceforsimulatedsoundfields.From

subjectivequestionnaires,Barronfoundthatthereverberationtime,theearlydecay

time,theearly-to-latesoundindexC80,thetotalsoundlevel,andtheearlylateral

energyfractionweresignificantsubjectivefactors(Barron,1988;Barron,1994).

Beranek(1996)suggestedaddingtwomorefactorstoAndo'sfourphysicalfactors,
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theBassratio(BR)andtheSurfaceDi軌lSivityIndex(SDI).Problemswithregardto

bothobjectiveandsubjectiveorthogonalitiesinabovetwoinvestigationsstillremain.

Asfarassubjectivepreferenceisconcemed,itisworthnotingthatthesoundfields

inarealconcerthalloflistenersfacingtotheperformers(TIACC=0)Canbedescribed

byonlyfourorthogonalphysicalfactors(Ando,1985;Cocchieta1.,1990).

Inaddition,weneedtodesignthesoundfieldsinstageareaaswellasinthe

audiencearea･TheprlmarylSSueisthatthestageenclosureshouldbedesignedto

provideasoundfieldinwhichperformerscanplayeasily.Marshalletal.(1978)

investigatedtheeffectsofstagesizeontheplayingofanensemble･Theparameters

relatedtostagesizeintheirstudywerethedelaytimeandtheamplitudeof

reflections･Gade(1989)usedalaboratoryexperimenttoinvestigatethepreference

ofperformersforthetotalamplitudeofthereflections.Ontheotherhand,the

preferreddelaytimeofasinglereflectionforlistenerscanbecalculatedfromthe

effectivedurationofthelong-timeautocorrelationfunctionofthesourceslgnaland

theamplitudeofreflections(Ando,1977;AndoandKageyama,1977;Ando,1998).

Whenmusicslgnalscontainalargefluctuationintempo,itismoreaccurately

expressedbytheminimumvalueoftheeffectiveduration(Te)minOftherunning

autocorrelationfunctionofsourcesignal(Andoetal･,1989)･Nakayama(1984)

Showedthatthepreferreddelaytimeofasinglereflectionforalto-recordersoloists

canbedeteminedfromtheamplitudeofthereflectionandthedurationofthelong-

timeautoco汀elationfunctionofthesourceslgnal.
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1.2.2.Subjectiveattributesforspatialfactors

First,theimportanceofthespatialattributesofsoundfieldwasdiscussedin

te-Softheshapeorcrosssectionoftheconcerthalls(Marshall,1978a,b)･

Keet(1968)reportedthattheabsoluteASW foreachfixedlisteminglevelis

stronglycomlatedtothecross-co汀elationfunctionmeasureduslngtwoCardioid

microphoneswitha900anglebetween.Barron(1971)describedtheimportanceof

earlylateralreflectionsforspatialimpression,andclaimedthatthedegreeofspatial

impressionisrelatedtotheratiooflateraltonon-lateralsoundamvlngWithin80ms

ofthedirectsound.DamaskeandAndo(1972)definedIACCasthemaximum

absolutevalueoftheinterauralcross-Comlationfunctionlyingwithinthepossible

maximuminterauraltimedelayrange,andreportedthatIACCcorrespondstothe

subjectivediffusenessofthesoundfield.

Later,itwasdeteminedthatIACCisasigmificantfactorforthesubjective

preferenceinsoundfields.Schroederetal.(1974)conductedthesubjective

preferencetestsandfoundtwosignificantfactors,reverberationtimeRTandIACC.

Fromthesystematicinvestigationsinsimulatedsoundfield,Ando(1985)foundthe

fourorthogonalacousticfactors(thelisteninglevelLL,theinitialtimedelaygapAtl,

thesubsequentreverberationtimeTsub,andtheIACC),whichdete-inedthescale

valuesofsubjectivepreferenceforsoundfields.Beranek(1996)alsoproposedthat

theIACCistheoneofhisproposedsixslgmificantfactors.

Anotherspatialfactor,LateralEnergyFractiondefinedfromtheexperiment

conductedbyBarronandMarshall(1981)wasproposed,however,thereflection
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arnvlngfrom900inthehorizontalplaneisnotalwaysadvantagesincreaslngthe

subjectivediffuseness.

TheASWisalsoknowntoberelatedtoIACC･MorimotoandMaekawa(1988)

reportedthatlowfrequencycomponentofthesourceslgnalincreasetheauditory

spaciousness･Morimoto(1995)reportedthatASW 00汀eSpOndstoIACCmeasured

withoutfrequencyweighting･However,theASWdependsonthecenterfrequencyof

thebandpassnoise･WhenthevaluesofIACCfわrtheoctavebandpassnoiseare

equal,ASWincreases,asthecenterfrequencybecomeslower.Hidakaetal.(1995)

alsoreportedthatIACCforeachfixedASWincreasesatalowerfrequency.

1･2.3･Physiologicalresponsesforsoundfields

lnordertoconfirm thepossiblemechanism,leftandrightauditorybrainstem

responses(ABR)wereconfirmedinthesoundfieldchangingtheincidentangleof

soundinhorizontalangle(Andoeta1.,1992).Theneuralactivity(waveV)may

correspondtotheIACC;thus,theinterauralcross-correlationmechamismmayexist

attheinferiorcolliculus.

Itisquitenaturaltoassumethatthefundamentalsubjectiveattributesare

reflectedbybrainactivityorphysiologicalresponses.Therelationshipbetweenthe

slow vertexresponse(SVR)andsubjectivepreferencehasbeeninvestigated

systematically(Ando,1992).TheSVRwasrecordedbyaveragingtheevoked

potentialsrespondingtoauditorystimuli,suchasclicks,noiseandspeech.An

adjustableteststimuluswaspresentedaltematelywithareferencestimulus.Thepair
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ofstimuliwaspresented50timestointegrateandaveragetheevokedpotentials,and

theSVRswereobtainedfromtheleftandrighttemporalarea(T3,T4:accordingto

thelntemational10-20system(Jasper,1958)).Theresultsshowthatthelatencyof

N2-COmpOnentS,thatis,theinteⅣalbetweenthetimethestimuluswaspresentedand

thetimeofthesecondnegativepeakoftheSVR,co汀eSpOndedsignificantlytothe

subjectivepreferenceforchangesofthesensationlevelSL,thedelaytimeofsingle

reflectionAtl,andtheIACC,respectively(Andoetall,1987;Andoetall,1987).The

longestlatenciesarealwaysobservedforthemostpreferredcondition,revealingthat

mostofthebrainisrelaxedunderthepreferredcondition.Furthermore,itis

remarkablethathemisphericdominanceappearedintheamplitudeoftheearlystage

oftheSVR･IntheresultstheamplitudeofA(Pl-Nl),Whichistheamplitudeofthe

firstpositivepeaktothefirstnegativepeak,showsthatthehemisphericdominance

differedasacousticfactorschanged.ThelefthemispherewasdominantwhentheAtl

wasvariedandtherighthemispherewasdominantwhenSLorIACCwerevaried.

Theevoked-potentialmethodscannotbeapplied to changesofthe

reverberationtimewithsignalslongerthan0.9S,therefわreamethodfb∫analyzinga

continuousbrainwavewasdeveloped.Whenapal一Ofstimuliarepresented,the

continuousbrainwavecanberecorded.Theeffectivedurationofautocorrelation

function,Te,Oftheα-wavesforthecontinuousbrainwavewasanalyzedforchanges

inthedelaytimeOfthesinglereflectionandthereverberationtime,respectively.Itis

noteworthythattheTeOfα-wavesarelongeronlylnthelefthemisphereforthe

preferredconditionslAtl],andlTsub],(AndoandChen,1996;ChenandAndo,1996)･

6



Thismaybeinterpretedasbeingcausedbyasimilarrepetitivefeatureintheα-

wavesevokingcomfortablerelaxationrepeatedlyinthemind.

Thus,thesubjectivepreferencecanbetracedbacktoaprlmitiveresponseseen

asgrossbrainactivitythatcorrespondswellwiththescalevalueofsubjective

preference･Also,theevidenceindicatesthatthelefthemispheredominanceofthe

temporalfactors(Atl,Tsub)andtherighthemispheredominanceofthespatialfactors

(IACCandSL)mayindependentlyinfluencesubjectivepreferencevalues(Nishio

andAndo,1996).

1･3.ModelofAuditory-BrainSystem

Accordingtothesubjectiveattributes,andphenomenaontheauditoryevoked

potentialsincludingCBW inthechangeofacousticfactors,themodelofauditory-

brainsystemmaybeproposedasshowninFigurel･1･Thesoundsourcep(t)inthis

figureislocatedatapolntrolnathree-dimensionalspace,andthelistenersittingat

risdefinedbythelocationofthecenterofthehead,hz,(Jr.,i),beingtheimpulse

responsesbetweenroandtheleftandrightear-Canal entrances･Theimpulse

responsesoftheextemalearcanalandthebonechainarerespectivelyeL,,(i)and

cl,,(i)IThevelocitiesofthebasilarmembraneareexpressedbyV,(x,a'),xbeing

theI;ositionalongthemembrane.Theactionpotentialsfromthehaircellsare

conductedandtransmittedtothecochlearnuclei,thesuperiorolivarycomplex

(includingthemedialsupedorolive,thelateralsuperioroliveandthetrapezoid

body),andtothehigherleveloftwocerebralhemispheres.
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TheinputpowerdensityspectrumofthecochleaI(x')Canberoughlymapped,

accordingtothetuningofasinglefiber(Katsukietal･,1958;Kiang,1965),ata

certainnervepositionx'.ThisfactmaybepartiallysupportedbyABRwaves(I-

IV)whichreflectthesoundpressurelevelsasafunctionofthehorizontalangleof

incidencetoalistener.Suchneuralactivities,intum,includesufficientinformation

toproducetheautocomlationfunctionatahigherlevel,probablynearthelateral

lemniscusasindicatedby◎ u(o)and ◎ ,T(0),Whereacorrespondstotheneural

activities.Forconvenience,theinterchangeofneuralsignalsisnotincludedhere.

Theneuralactivity(waveV)maycorrespondtotheIACC(Andoeta1.,1992).Thus,

theinterauralcross-co汀elationmechanismmayexistattheinferiorcolliculus.Itis

concludedthattheoutputslgnaloftheinterauralcross-correlationmechanism

includingtheIACCandthelociofmaximamaybedominantlyconnectedtothe

righthemisphere･Thesoundpressurelevelmaybeexpressedbyageometrical

averageofautocorrelationfunctionsforthetwoearsatthetimeoforigin(0-0)

whichinfactappeannginthelatencyattheinferiorcolliculusmaybeprocessedin

therighthemisphere.Effectsoftheinitialtimedelaygapbetweenthedirectsound

andthesinglereflectionAtlincludedintheautocorrelationfunctionmayactivatethe

lefthemisphere.Suchspecializationofthehumancerebralhemispheremaybe

relatedtothehighlyindependentcontributionsofspatialandtemporalcriteriato

subjectiveattributes.

8



u
!t21q
udtunq

JO

uo
!1t2Zコt2!32d
s

aSuOdsaJ
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114･ SpatialFactorsextractedfromtheInterauralCross-correlation

Function

lntheauditory-brainmodelproposed,interauralcross-co汀elationmechanism

betweenthetwoauditorypathwaysisassumed･Thefundamentalspatialattributes

forsoundfieldmayberelatedtotheinterauralcross-correlationfunction.The

interauralcross-correlationfunctionbetweenthesoundsignalsatbothears,fl(i)

andI,(i),isdefinedby

･&(i,-ill-iifz(i,fr,(t･Tkt, ,TIS1-S
(1 ･1)

whereft'(i)andI,'(t)areapproximatelyobtainedbysignalsfl,,(i)afterpassing

throughtheA-weightingnetwork,whichcorrespondstotheearsensitivity,S(i)･The

extemalandthemiddleearmaycharacterizetheearsensitivity.

Thenormalizedcross-correlationfunctionisdefinedby

◎け(T)

Qh(T)=J爾 百ラ
(1.2)

where◎u(0)and ◎ n.(0)are,respectively,theautocorrelationfunctionsatT-0

fortheleftandrightears,andthyarethesoundenergiesamVlngatbothears.If

discretereflectionsarriveafterthedirectsound,thenthenormalizedinterauralcross-

co汀elationisexpressedby
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Qk"(T)-
皇A2qk(T)

〟 〟

∑A2◎nu(o)∑A2◎:(o)nIO nEO

(1.3)

whereweputaJ〝(i)-∂(i),and◎nd(T)istheinterauralcross-correlationofthenth

reflection,◎nH(0)and(pn"(0)aretherespectivesoundenergiesamivingatthetwo

earsfromthenthreflection.

WhenthesoundsourceislocatedatanyhorizontalangleErelativetothe

frontaldirectiontoalistenerlshead,andthebandpassnoise,afterpassingthroughan

idealfilterwithupperandlowerfrequenciesoff2andfl,isradiatedfromthe

sourcelocation,thentheinterauralcross-co汀elationfunctionandtheautocorrelation

functionatT-0aregivenby

中か(T)-Hか[

◎〟(o)-〝 〝

◎〝(o)-H"

2 ..,Aa,(I-TEL_,Aa･C(T-TE)
2 2

(1･4)

whereH /,isthecrosspowerofthebandpassnoise,HHand H ,T aretheauto

powersatthetwoearentrances,TEisthemaximuminterauraldelaydependingon

E,and
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Aa'C=2m(f2'fl),

Aa'-2m(f2-fl). (1･5)

Independentfactorsextractedfrom theinterauralcross-correlationfunctionare

definedinFigure1･2･Therearefoursignificantfactors:

(1)MagnitudeoftheinterauralcrossICOrrelationIACCisdefinedby

仏CC-転 (T)lm弧 (1.6)

forthepossiblemaximuminterauraltimedelay,say,回≦1ms.Asmallervalue

oftheIACCisbetterforallofthesubjectsinvestigated(Ando,1998).

(2)InterauraldelaytimeTIACCatWhichtheIACCisdefined,isasignificantfactorin

determlnlngtheperceivedhorizontaldirectionofthesoundfieldofthesound

fieldorimageshift(DamaskeandAndo,1972).

(3)Widthoftheinterauralcross-correlationfunctionW.Ace,Whichisdefinedbythe

timeintervalbetween∂-values,Correspondingtothejustnoticeabledifference

oftheIACC,belowtheIACCofthesourceslgnal･TheWIACCOfbandpassnoise

afterpassingthroughanidealfilterisgivenby(Ando,1998)

wiaic等 00S-1(11志 ,･
4

12
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Forsimplicity,thevalueof∂isdefinedby0.1(IACC)inthisstudy.

(4)Geometricalmeanofthesoundenergiesatbothearswhichisdefinedbythe

denominatorofEquation(1.2),

J◎〝回申〝(o) (1.8)

ThesoundpressurelevelalsoaffectsASW(Keet,1968)･Thesoundsignalissend

toonlyoneearincaseofheadphonelistening,forexample,thevalueofEquation

(1.8)becomeszero.Thisfactorcanbeappliedwhenthesoundsourceislocated

inathreedimensionalspace.Forheadphonelistening,thesoundpressurelevelat

eardrumshouldbemeasured.

Awell-defineddirectionisperceivedwhenthenormalizedinterauralcrossI

co汀elationfunctionhasonesharppeakmaximum(asmallvalueofWIACC).Onthe

otherhand,subjectivediffusenessornospatialimpressioncorrespondstoalow

valueoftheIACC(<0.15).Thesefわurfactorsareindependentlyrelatedtothe

spatialsubjectiveattributes,forexample,subjectivediffuseness,apparentsource

width,andtheimageshift.
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/UU<ー

-1.0 -0.5 0.0 0.5 1.0

Left-earsignaldelayed Right-earsignaldelayed

T[ms】

Figure1.2.DefimitionoftheIACC,T.ACC,andWIACC fortheinterauralcross-

correlationfunction.

1･5.TemporalFactorsextractedfromtheAutocorrelationFunction

ThepowerdensltySpectraintheneuralactivitiesintheleftandrightauditory

pathwayshaveasharpeningeffect(Katsukietal･,1958;Kiang,1965).This

infbmationisenoughtoattaintheapproximationofautocorrelationfunctionsofthe

slgnalsatbothears.

Theautocorrelationfunctionisdefinedby
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op(I,-!li* Tip,(tb･(iIT,dt,
(1.9)

wherep'(i)=p(i)*S(i),S(i)beingtheearsensitivity･Forconvenience,S(i)may

bechosenastheimpulseresponseofanA-weightednetwork.

Theautocorrelationfunctionisidenticaltothepowerdensityspectrum pd(a,),

SO

+00

◎p(T)-Ipa(a,)ejαdt
_JC

+00

pd(a)-lop(T)e-jMdT,
･.くわ

and

(1･10)

(1.ll)

Thus,theautoco汀elationfunctionandthepowerdensltySpeCtmmmathematically

containthesameinformation.Inautocorrelationfunctionanalysis,therearethree

slgnificantparameters:

(1)Energyrepresentedattheoriginofthedelay,◎p(0)･

(2)Effectivedurationoftheenvelopeofthenormalizedautocorrelationfunction,Te

(whichisdefinedbytheten-percentiledelay),representingakindofrepetitive

featureorreverberationcontalnlngthesourceslgnalitselfasshowninFigure

l.3(a).Thenormalizedautocorrelationfunctionisdefinedby
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M i-芸票 (1.12)

(3)Finestmcture,includingpeaksanddipswiththeirdelays･Thedelaytimeand

amplitudeofthefirstpeak-namely,Tl,and¢1aSShowninFigure1.3(b)一may

representthisstructure･ThesevaluesTland中lareusuallythoughttobeclosely

relatedtoTnand¢n(n>1),whicharethedelaytimeandamplitudeofthenth

peak.

Whentheslgnalscontainalargefluctuationintempo,itismoreaccurately

expressedbyapplyingtherunningautoco汀elationfunctionofsourcesignal(Ando,

eta1.,1989)･

ThemnnlngautOCO汀elationfunctionasafunctionoftimetiscalculatedas

Qp(T)=¢p(T;i,I)

◎

[◎p(0;i,T)◎p(0;H i,T)]1′2

op(TM ,=麦 貨TTP,(S,p.(S･TP ･

where

(1.13)

(1･14)

Thenormalizedautocorrelationfunctionsatisfiestheconditionthat¢p(0)-1･

Figure1.3(a)demonstratesanexampleofthelogarithmoftheabsolutevalue
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oftheautocorrelationfunctionplottedasafunctionofthedelaytime.Theenvelope

decayoftheimitialpartoftheautocorrelationfunctioncanbefittedbyastraightline

intherangefrom0dBt0-5dB,andtheeffectivedurationTeOftheautocorrelation

functioncanbeeasilyobtainedfromthedecayrateextrapolatedat-10dB(Andoand

Chen,1996).

Thesignalduration2Tcorrespondstothepsychologicalpresent,assuggested

byFraisse(1982),is2T=0･5-5･Os･Thepsychologicalpresentdefinedhereisashort

timedurationofstimulineededforsubjectiveresponses.Theminimumvalueofthe

effectiveduration(Te)minOftherunningautocorrelationfunctionofamusicsignal

whichisthemostactivepartofthemusicslgnalcontainsimportantinfomationand

influencesthesubjectiveattributesrelatedtothetemporalfactors.

17



O

CQT
て It I

-5

/~＼

tJ＼_/
ぜ -10

tLL)○
▼-

-15

(a)

(b )

Te

ヽヽヽ

0 100 200

Delaytime,Ilms]

1

71 ＼ ノ

Delaytime,Ilms]

Figure1.3.Definitionsoffactorsextractedfrom thenomalizedautoco汀elation
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1.6.AimofThisStudy

Fromthepreviousstudies,itwasfわundthatthemagnitudeoftheinteraural

cross-correlationfunction(IACC)iscorrelatedtothesubjectivepreferenceor

subjectivediffusenessandthatthespatialsubjectiveattributescanbedescribedby

thefactorsextractedfromtheautocorrelationfunction･Inthisstudy,imageshiftof

soundsourceandapparentsourcewidth(ASW)arediscussedaswellassubjective

preference.ThesefactorscannotbedescribedbyonlyIACC,therefore,thefactors

extractedfromtheinterauralcross-correlationfunction,thatis,theinterauraltime

delayTlACCandthewidthoftheinterauralcrossICOrrelationfunctionWIACCare

introduced.

Forcalculatingthescalevalueofsubjectivepreference,theIACCmustbe

obtainedattheTlACC=0toensurefrontallocalizationofthesoundsource,however,

theIACCinexistingsoundfieldwasnotalwaysmaintainedatTTACC=0duetothe

soundsourcelocations･Therefore,theeffectoftheTTACCOnSubjectivepreferencewas

confirmedinchapter2･Therelationshipbetweenthesubjectivepreferenceandthe

imageshiftofthesourcesignalandtheinterauraltimedelayofIACC(TIACC)is

examined･Inaddition,thetheorycalculatingthesubjectivepreferencewas

reconfirmedinexistingsoundfield.

TheIACCiscorrespondtothesubjectivepreferenceorsubjectivediffuseness.

EveniftheIACCisconstant,theASWincreasesasthecenterfrequencyofoctave

bandnoisebecomelowerorasthelowerfrequencycomponentincrease.Thesefacts

arereflectedintheinterauralcross-correlationfunction.Thepeakofthefunction
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becomebroaderasthecenterfrequencyofoctavebandnoisebecomelower･Chapter

3dealswiththerelationshipbetweentheapparentsourcewidth(ASW)andthe

WIACCaSWellastheIACC.ItwasexaminedwhetherornotthescalesvalueofASW

fornoiseslgnalsandamusicsignalobtainedbythepairedcomparisontestscanbe

calculatedbythetwodimensionalfactors,IACCandWIACC.

Inchapter4,subjectivepreferenceofcellistsforthedelaytimeofasingle

reflectionwasexamined.Thepreferreddelaytimeofthereflectionforlisteneris

relatedtotheautocorrelationfunctionofsourceslgnal.Itwasexaminedthatthe

preferreddelaytimeofaslnglereflectionforcellistscan becalculatedfromthe

effectivedurationoftherunningautOCOrrelationfunctionofthemusicmotifsplayed

bycellists.Thescalevaluesofpreferenceforthedelaytimeofaslnglereflection

wereobtaineduslngaPairedcomparisonmethod,andtheresultswerecompared

withthoseforthealto-recorderplayersandlisteners.
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Chapter2

SubjectivePreferenceandImageShiftinrelationtothe

TIACClnexistingSoundFields

2.1.Introduction

Asdescribedinchapter1.4,theinterauraltimedelayTIACCrelatedtothesound

localizationinhorizontalplaneorbalanceofsoundfield.

Themaximum valueoftheinterauralcross-co汀elationfunctionmustbe

maintainedatTtACC=0toensurefrontallocalizationofthesoundsourcefor

calculatingthescalevalueofpreference,however,TIACClnarealconcertisnot

alwayszerobecauseofthesourcelocationonthestage.Inthischapter,the

subjectivepreferencejudgmentfordifferentsourcelocationsonthestagewas

perfb-edby血epaired-Comparisontestsateachsetofseats,andtherelationship

betweenthescalevalueofsubjectivepreferenceandphysicalfactorsobtainedby

simulationusingarchitecturalschemesisexaminedbythefactoranalysis.Also,the

methodofcalculatingthescalevalueofsubjectivepreferenceofsimulatedsound

fieldbyuseoffourorthogonalphysicalfactors(thelisteninglevel,theinitialtime

delaygap,thereverberationtimeandtheIACC)isreconfimedforsoundfieldsinan

existlngCOnCerthall･
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2.2. PreferenceTests

Forpreferencetests,aconcerthallinKobe(UHARAHall)contains650seats

withavolumeof4,870m3wasused.AsasourcesignalMusicmotifB(Sinfonietta,

Opus48;thirdmovement,composedbyAmold)wasselectedinthetests.Asshown

inFigure2･1,fourloudspeakerswereplacedat0.8mabovethestagefloor,and64

listenersweredividedinto21groupsandseatedatthespecifiedpositions.

Toexcludingtheeffectsofotherphysicalfactorssuchasvisualandtactual

sensesonjudgments,thesubjectivewereaskedintheirseatsandjudgethe

preferencebypaired-comparisonmethod,switchingonlytheloudspeakersonthe

stage.Thetestconsistedof6pairs(N(N-1)/2,N≡4)ofstimuli,intotal.Thesignal

durationwas5S,andthesilentinteⅣalbetweenstimuliwas1s･Eachpairofsound

fieldswasseparatedbyanintervalof4SandthepalrSWerearrangedinrandom

order.Inordertoobtainenoughdata,acontiguousthreeorfourseatswasusedina

singletestsession･Thissessionwasrepeatedfivetimes,WithsubjectschangingSeats

betweensessions,and14to16subjectsintotalrespondedateachsetofseats.Ittook

about30minutes.

Thescalevaluesofpreferencewereobtainedbyapplyingthelaw of

comparativejudgment(caseV;Thurstone,1927),andwerereconfimedbythe

goodnessof丘t(Mosteller,1951)･
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Figure2･1･Planandsectionofthehall(Uhara-Hall,Robe).◆ soundsource(4

positions);● Listener'slocation(21positions).
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2.3.CalculationofPhysicalFactorsatEachSeat

Thephysicalfactorsateachsetofseatsforfoursourcelocationsonthestage

werecalculated･Inthesimulation,thedirectionalcharacteristicsoffourloudspeakers

usedinpreferencetestsweretakenintoconsideration.Thecalculationwas

perfomeduptothreetimesforeachdirectionalreflectiontoalistener.Duetoafloor

structurewithfairamountofacoustictransparency,thefloorreflectionwasnottaken

intoaccountforcalculation,andpartofthediffuserceilingwasregardedas

nonreflectiveplaneforthesakeofconvenience･Fromtheimpulseresponseofeach

seats,thelistenlnglevelmdthesubsequentreverberationtimeofeachoctaveband

centerfrequencyandtheinitialtimedelaygapwerecalculated.Theinterauralcross-

correlationfunctionsformusicmotifBwerealsocalculated.Incalculationofthe

IACC,thelistenersfacedtowardthecenterofthestage,sothattheIACCdoesnot

alwaysamaximumattheinterauraltimedelayTIACC=0.

2.4. MultipleDimensionalAnalysis

Inordertoexaminetherelationshipbetweenthescalevaluesofsubjective

preferenceandphysicalfactorsobtainedbysimulationofanarchitecturalscheme,

thedatawereanalyzedbythefactoranalysisdescribedinAppendixA(Hayashi,

1952;Hayashi,1954)･

Ofthefourphysicalparameters,thereverberationtimewasalmostconstantfor

thesourcelocationandtheseatlocationthroughoutthehall,andthusnotinvolvedin

theanalysis.As waspreviouslydiscussed,forcalculatingthescalevalueof
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preference,themaximumvalueoftheinterauralcrossICOrrelationfunctionmustbe

maintainedataninterauraltimedelayTIACC=0toensurefrontallocalizationofthe

soundsource.However,theIACCwasnotalwaysmaintainedatTIACC≡0duetothe

loudspeakerlocations,becausethesubjectscouldnotalwaysbefacingthesource

location.Inthisanalysis,therefore,theeffectoftheinterauraltimedelay,TIACCWas

addedasanadditionalfactor.Thus,theoutsidevariabletobepredictedwiththe

factoranalysiswasthescalevalueobtainedbys叫jectivejudgmentsandthe

explanatoryfactorswere:

(1)thelisteninglevel;

(2)theinitialtimedelaygap;

(3)theIACC;and

(4)theinterauraltimedelayofIACC(TIACC).

2.5.ResultsandDiscussion

Someiterationsfortheboundaryoftheeachcategoryofthefactorswere

conducted.Theboundaryindicatesthemaximumcorrelationcoefficientbetweenthe

scalevaluesobtainedfromthepairedcomparisontestandthescoresobtainedfrom

thefactoranalysュsWereappliedtotheresults.

Thescoresforeachcategoryofthefactorsobtainedfromthefactoranalysis

areshowninFigure2.2.Thescoresofthelisteninglevelindicateapeakatthe

subcategoryof83dBto85･9dBanddecreasethescoreapartfromtheprefemd

listenlnglevel.FortheIACC,thescoreincreaseswithadecreaseintheIACC.Itis
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worthnoticingthatthescoresoftheabove一mentionedtwofactorsareingood

agreementwiththepreferencescalevaluesobtainedbypreferencejudgmentsfora

simulatedsoundfield･Thescoresoftheinitialtimedelaygapwhicharenormalized

totheoptimumvalue(Atl/【Atl]｡)peakedatasmallervaluethanthemostprefe汀ed

valueoftheinitialtimedelaygapobtainedfromthesimulatedsoundfields.Itis

consideredthat,duetothelimitedrangeofAtlintheexistingconcerthallandthe

limiteddataintheshortrangeoftheAtl,theeffectsofAtlOfthesoundfieldswere

ratherminorin thisinvestigation.Concemlng TIACC,the score decreases

monotonicallyastheTlACCISincreased.Thismaycausedbyanimageshift.The

relationshipbetweenthescalevalueobtainedbysubjectivejudgmentsandthetotal

scoreateachcenterofthreeorfourseatsisshowninFigure2.3.Thescalevaluesof

preferencearewellpredictedwiththetotalscoreforfourloudspeakerlocations(r=

0.70,p<0.01).

Itappearsinoccasionsacertaindegreeofcoherencebetweenphysicalfactors,

forexample,thecalculatedlisteninglevelandIACCforsoundfieldsinexisting

concerthallsaslistedinTable2.1.However,duetothefactthatthefactorsare

theoreticallyorthogonal,thepreferencescoresobtainedhereareingoodagreedwith

thecalculatedscalevalueswhichareobtainedbysimulatingsoundfields.This

coherenceisthephysicalphenomenadependonthecharacteristicsofthesoundfield･

Itisconfinedthattheresultsofthescoresafterremovedthedataoffiveseatsin

frontofthehallchangedslightly,however,therelationshipbetweensub-categories

doesnotchange.

26



p≡0.46

-79.980.0-82.983.0-85.986.0-

(a) ListeningLevel[dB】

p=0.25

(b)

-0.39 0.40-0.69 0.70-

IACC

Figure2･2･Scoresfわreachcategoryoffourphysicalfactorsobtainedbyfactor

analysis:(a)thelisteninglevel;(b)theinitialtimedelaygap(p:partialcorrelationof

eachitem).
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p=0.18

J∃～昔i】

iiT】i1

(C)

(d)

-0.190.20-0.590.60-0.991.00-

Atl/[Atl】p

p=0.64

0.00 0.01-0.20 0.21-

TIACC【ms】

Figure2･2･Scoresforeachcategoryoffourphysicalfactorsobtainedbyfactor

analysis:(C)IACC;and(d)theinterauraltimedelayofIACC(p:partialcorrelation

ofeachitem)･
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1.000 -0.135
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2.6. Conclusions

Inthisstudy,thesubjectivepreferenceofsourcelocationsonthestageis

examinedateachsetofseats.Therearsource(source4)ismoreprefemdthanthat

oftheothersources･Thesidesource(source3)indicateslowpreference,duetothe

interauraltimedelayofIACC.Theinitialtimedelaygaphasasmallinfluenceonthe

totalscore.

ThisstudyintroducestheeffectsoftheinterauraltimedelayoftheIACCon

thepreference･IftheIACCisobtainedatacertaininterauraltimedelay,thenscores

decreaserapidly.Theresultsoftheanalysisdescribedheredemonstratethatthe

theoryofcalculatingsubjectivepreferencebyuseoffourphysicalparametersis

supportedonlywhenthemaximumvalueofinterauralcross-co汀elationmaintained

atTlACC=0.Thisconditionisusuallyobtainedinarealconcertfacingthevisible

perfbmer.
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Chapter3

ApparentSourceWidth(ASW)inrelationtotheIACC

and theWidth ofthelnterauralCross-co汀elation

FunctionWIACC

3.1.Introduction

Asstatedinsection1.2.1,theASWisrelatedtothespectralcomponentofthe

sourceslgnalaswellastheIACC.Forexample,eveniftheIACCisconstant,the

ASWincreasesasthecenterfrequencyofoctavebandnoisebecomelowerorasthe

lowerfrequencycomponentsincrease.Thesefactsarereflectedintheinteraural

cross-correlationfunction･Thepeakofthefunctionbecomebroaderasthecenter

frequencyofoctavebandnoisebecomelower.Basedonthecross-correlation

mechanismintheauditory-brainmodel,itisproposedthattheseresultsmaybe

describedbyfactorsincludedintheinterauralcrossICOrrelationfunctionitself,

namely,IACCandWだ霊definedinsection1.4.Thepurposeofthischapteristo

examinewhetherornottheASWcanbecalculatedasafunctionofboththeIACC

andtheW盟霊.

ToobtainascalevaluesofASW,pairedcomparisontestswereperfbmed･In

Experiment1,thevaluesofW-ACCWereVariedbychanglngthecenterfrequenciesof
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one-third-octavebandpassnoises.Inthetestforone-third-octavebandnoise,the

valueofWIACCISconstantusingOneCenterfrequency,evenifthevalueofIACCis

different･Inthisparticularcase,WIACCCanbereplacedbythecenterfrequencyofthe

noiseslgnal･However,WIACCdependsonthebandwidthofthebandpassnoiseslgnal

also･Experiment2wasconductedcontrollingthebandwidthusingOneCenter

frequency.Experiment3wasperformedwhetherornottheformuladescribedin

aboveexperimentsmaybeappliedtoamusicslgnal.TocontrolofboththeIACC

andtheWTACC,thedelaytimeOftworeflectionswaschangedhere.

3･2･ SubjectiveJudgmentofASW forNoiseSignals

3.2.1.Generalprocedure

Twosymmetricallateralreflections(±540)addedtothefrontaldirectsound

(Oo)weresimulatedinananechoicchamber.Thedistancesbetweentheloudspeakers

andthecenteronthesubject'sheadwere0.90±0.01m.Toproduceincoherent

conditions,thetimedelaysAtlandAt2betweenthedirectsoundandtworeflections

werefixedat20msand30ms,respectively.ThevaluesofIACCwereadjustedby

controllingthesoundpressureratioofthereflectionstothelevelofthedirectsound.

ThelisteninglevelaffectsASW(Keet,1968)and,therefore,thetotalA-Weighted

soundlevelsattheearcanalentrancesofallsoundfieldswerekeptconstantata

peakof75dB･Theinterauralcross-correlationfunctionwasmeasuredwith1/2-inch

condensertypemicrophonesplacedattheentranceoftheearsofasubject.The

analogoutputsfromthemicrophoneswerepassedthroughanA-weightingnetwork
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andweredigitizedatasamplingfrequencyof48kHz.TheinterauralcrossI

correlationfunctionwasobtainedfromthewholespectrumcross-correlatedwithout

anybandfilter.

ToobtainascalevaluefわrASW,paired-comparisontestswereperf♭med.The

subjectswereaskedtojudgewhichoftwosoundsourcestheyperceivedtobewider.

Thedurationofeachstimuluswas3sandthesilentintervalbetweenstimuliwas1s.

Eachpairofsound丘eldswasseparatedbyaninteⅣalof4sandthepal一sWere

a汀angedinrandomorder.

3.2.2.Experiment1

A.Method

One-third-octavebandpassnoiseswereusedasasourceslgnal.Thecenter

frequenciesofthenoisewere250Hz,500Hz,1kHz,and2kHz･IACCswereset

O･90andO･70fb∫thecenterfrequencyof250Hzand0.90,0･70andO･40forthe

centerfrequencyof500Hz,1kHzand2kHz.TheIACC=0･40forthecenter

frequencyof250Hzcannotrealizeinthiscondition.ThevaluesofIACCandW盟霊

werecontrolledbymeasunngtheinterauralcross-correlationfunctionaslistedin

Table3.1.ThecalculatedvaluesofWだ霊byEquation(1･7)wereclosetothe

measuredoneswithanaccuracyof±0.02ms.

Paired-comparisontestsofelevensoundfieldslistedinTable3.1were

conducted.Thenumberofsubjectswasten.Thetestconsistedof55pairs(N(N-1)/2,

N≡ll)ofstimuli,intotaLThesessionwasrepeatedfivetimes,interchangingthe
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orderofeachpair,forallsubjects.Ittookabouttenminutesforonesession.

B.Results

Fiftyresponses(10subjectsx5repeats)toeachsoundfieldwereobtained.

Consistencytestsindicatethatallsubjectshaveasignificant(p<0.05)abilityto

discriminateASW･Thetestofagreementalsoindicatesthattherewassignificant(p

<0.05)agreementamongallsubjects.AscalevalueforASW wasobtainedby

applyingthemethod,amodificationoftheThurstonemethod(AndoandSingh,

1996)afteraveragingtheresultsof10subjects.

Table3･1･ValuesofIACCandW盟霊 controlledforsoundfieldsinsubjective

judgementofASWfわrone-third-octavebandpassnoises.

One-third-octave
centerfre IACC W盟霊[ms]

0.90 0.55
0.72 0.56
0.89 0.26

500Hz 0.69 0.26
0.38 0.27
0.89 0.12

1kHz 0.69 0.12
0.42 0.14
0.90 0.06

2kHz 0.70 0.06
0.39 0.06
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Table3･2･Resultsofthetwo-wayANOVAforscalevaluesofASWusingone-third-
octavebandpassnoiseswiththefactorsofIACCandw 盟霊 .

Factor Sumof DF Mean F-ratio
uare S

IACC 2.12

W 盟霊 2.62

Residual 0.02

**p<0.01･

2

3

5

1.06 220.63**

0.87 181.67**

0.01
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Figure3.1.AveragescalevaluesofASW forone-third-octavebandpassnoisesasa

functionofW盟霊andasaparam eterofIACC.△:IACC-0･90;○‥IACC-0.70;
ロ:IACC=0.40.TheregressioncurveisexpressedbyEquation(3･2),a--1.64and

b#2.44.
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TheresultsoftheanalysisofvarianceforscalevaluesofASWareindicatedin

Table3.2.ItwasfoundthattheexplanatoryfactorsIACCandW盟霊areslgnificant

(p<0.01).Theerrorten whichincludestheinteractiontermissmallenough.This

indicatesthatIACCandW盟霊contributetothescalevalueofASWindependently,

whichmaybeexpressedby

亘ASW)-S(IACC)'S(Wだ霊). (3･1)

ThescalevalueofASWisformedbyinterpolationfromanonlinearequationsuchas

qASW)-a(仏CC)3㌦ b(鴎 霊)1a, (3.2)

whereaandbarethecoefficientstobeevaluated.Thevaluesofthepower,3/2

and1/2,forthetensofIACCandW盟霊inEquation(3.2)areselectedtogivethe

bestcomlationbetweenthescalevaluesobtainedbypairedcomparisontestsandthe

scalevaluescalculatedbyEquation(3.2).Thescalevalueofpreferenceand

subjectivediffusenessarealsoexpressedintermsofthe3/2poweroftheIACC

(AndoandKuribara,1986;Singh,Kurihara,andAndo,1994)･Figure3.1showsthe

observedscalevalueofASWforone-third-octavebandpassnoisesasafunctionof

theW盟霊 andasaparameterofIACC･ThecurvesinFigure3･1confirm the

calculatedscalevalueofEquation(3･2),a--1.64andbf52･441Thesecoefficients

wereobtainedbythemultipleregression.
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3.2.3.Experiment2

A.Method

Thebandpassnoisesof500Hzcenterfrequencywereusedasasourceslgnal･

Thebandwidthswereone-third-octavewidth,one-octavewidth,two-Octavewidth,

andthree-octavewidth･ThevaluesofIACC and W盟霊 Werecontrolledby

measunngtheinterauralcross-correlationfunctionaslistedinTable3.3.

Paired-comparisontestsoftwelvesoundfieldslistedinTable3.3were

conducted･Thenumberofsubjectswasfour･Thetestconsistedof66pairs(N(N-1)/2,

N=12)ofstimuliintotal.Thesessionwasrepeatedtentimes,interchangingthe

orderofeachpair,forallsubjects.Ittookabouttwelveminutesforonesession.

Table3･3･ValuesofIACCandW盟霊 controlledforsoundfieldsinsubjective

judgementofASWforbandpassnoiseof500Hzcenterfrequency･

Bandwidth IACC W盟霊[ms】

1/3octave

1/1octave

0.83 0.28
0.67 0.28
0.51 0.28
0.84 0.24
0.65 0.24
0.51 0.24
0.83 0.19

2octave 0.65 0.19
0.51 0.20
0.84 0.15

3octave 0.65 0.16
0.51 0.16
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ち.Results

Fortyresponses(4subjectsx10times)toeachsoundfieldwereobtained.

Consistencytestsindicatethatallsubjectshaveasignificant(p<0･05)abilityto

discriminateASW･Thetestofagreementalsoindicatesthattherewassignificant(p

<0.05)agreementamongallsubjects.AscalevalueforASW wasobtainedby

applyingthemethod,amodificationoftheThurstonemethod(AndoandSingh,

1996).

Table3･4･Resultsofthetwo-wayANOVAforscalevaluesofASW usingbandpass

noisesof500HzcenterfrequencywiththefactorsofIACCandW盟霊.

Factor Sumof DF Mean F-ratio
uare S

IACC 3.14

W盟霊 0.59

Residual q･p3

**p<0.01.

2

3

′h)

1.57 291.77**

0.20 36.54**

0.01

TheresultsoftheanalysisofvarianceforscalevaluesofASWareindicatedin

Table3.4.ItwasfoundthattheexplanatoryfactorsIACCandW江差areslgnificant

(p<0･01)forbothsignals･Theerrortermwhichincludestheinteractiontermis

smallenough･Thevaluesofthepower,3/2and1/2,forthetermsofIACCand

w盟さいnEquation(3･2)alsogivethebestcorrelationbetweenthemeasuredand
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calculatedscalevalues.Figure3.2showstheobseⅣedscalevalueofASW for

bandpassnoisesof500HzcenterfrequencyasafunctionoftheW霊去andasa

parameterofIACC.ThecurvesinFigure3.2confirm thecalculatedscalevalueof

Equation(3･2),a - -3･26andb-3.55.Thesecoefficientswereobtainedbythe

multipleregression.
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Figure3.2.AveragescalevaluesofASW fb∫thebandpassnoisesof500Hzcenter
frequencyasafunctionofW盟霊andasaparameterofIACC･▲:IACC-0.82;●:
IACC=0.65;I:IACC=0･51･TheregressioncurveisexpressedbyEquation(3･2),
a #-3.26andb年3.55.
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3.2.4Discussion

ThecoefficientsaandbinEquation(3.2)Wereobtainedbythemultiple

regressionoftheresultsfrombothexperiment,andarelistedinTable3.5.Figure3.3

showstherelationshipbetweenthemeasuredscalevaluesofASW andthescale

valuesofASWcalculatedbyEquation(3･2)Withthecoefficientsaandblistedin

Table3.5.Thecorrelationcoefficientbetweenthemeasuredandcalculatedscale

valuesis0.92(p<0.01)･CalculatedscalevaluesofASWbyEquation(3.2)Withthe

coefficientslistedinTable3.5areclosetothemeasuredscalevaluesofASW.

Table3.5.CoefficientsaandbinEquation(3.2)with95percentreliabilityandthe

maXlmumerror.

95percent Maximum
a b reliabilit
-2.14 2.60 ±0.10 ±0.47

CoefEicientsaandbinEquation(3.2)foreachindividualarecalculatedbya

multipleregressionanalysisandarelistedinTable3･6･Figure3･4showsthe

relationshipbetweenthemeasuredscalevalueofASWobtainedfromtheexperiment

andthecalculatedscalevaluesofASW byEquation(3･2)･Thedifferentsymbols

indicatevaluesobtainedwith thedifferentsubjects.Differencesbetweenthe

measuredscalevaluesandthecalculatedscalevalues,exceptfわronlytwodata,have
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therangeof±0･67whichco汀eSpOndstoaprobabilityof75percent,andisthusless

thanthevalueofdistinction.Thecorrelationcoefficientbetweenthecalculatedscale

valuesofASW andthemeasuredscalevaluesofASWis0.91(p<0.01).TheASW

foreachindividualcanbecalculatedbythesameequationtocalculatingtheglobal

ASW,simplybychangingtheweightingcoefficientsaandb.
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Figure3.3.RelationshipbetweenthemeasuredscalevaluesofASWandscalevalues

ofASWcalculatedbyEquation(3･2)withthecoefficientsaandbforthenoise

signalslistedinTable3.5.0:one-third-octavebandpassnoises;●:Bandpass

noisesof500Hzcenterfrequency.Thecorrelationcoefficient,r=0.93(p<0.01).
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Table3･6･CoefficientsaandbinEquation(3･2)foreachindividualusing(a)one-

third-octavebandpassnoisesand(b)bandpassnoisesof500Hzcenterfrequency,

togetherwiththecorrelationcoefficientsbetweenthemeasuredscalevaluesofASW

andthecalculatedscalevaluesofASWbyEquation(3.2);the95percentreliability;

andthemaximumerror.
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Figure3･4･RelationshipbetweenthemeasuredindividualscalevaluesofASW fわr

noisesignalsandscalevaluesofASW calculatedbyEquation(3.2)foreach

individual･Thecorrelationcoefficient,r=0.91(p<0.01).
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3･3ApplicationforMusicSignal

3.3･1Experiment3

A.Method

MusicmotifA(RoyalPavanebyGibbons;Ando,1985)wasusedasasource

slgnal.InordertocontrolofboththeIACCandtheWIACC,thedelaytimeoftwo

reflectionsrelativetothedirectsoundwaschanged.Inthesoundfieldunderthe

incoherentcondition,thevaluesofWTACC areCOnStantusingOneCenterfrequency,

evenifthevalueofIACCisdifferent.Whenthedelaytimeofthereflection

approacheszero,themeasuredvaluesofIACCincreasesincethereishighcoherence

betweenthedirectsoundandreflection(Ando,1977).Theamplitudeofreflections

relativetothedirectsoundis-3dB.Thedelaytimeoffirstreflectionrelativetothe

directsoundiscontrolledintherangeof1.0-3.0ms.Thedelaytimesbetweentwo

reflectionsarefixedfollowingtwoconditions:

Table3.7.ValuesofIACCandW盟霊controlledforsoundfieldsinsubjective
judgementofASWfわrmusicmotifA.

Delaytlmeb etween
tworeflections Atllms] IACC W盟霊【ms]

1.7 0.94 0.26
0.0 1.9 0.93 0.30

2.2 0.96 0.21
1.9 0.54 0.30

1.0 2.2 0.55 0.23
2.4 0.56 0.21
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(1)thereisnodelaybetweentworeflections;and

(2)thedelaytimebetweentworeflectionsis1ms･

TheinterauralcrossICOrrelationfunctionsweremeasuredusingthreesubjects.

ThemeasuredvaluesofIACCandW盟霊with95percentreliabilitywereshownin

Figures3.5and3･6.ThevaluesofIACCwerealmost00nstant,andthevaluesof

w盟霊werechanged.

Paired-comparisontestsofsixsoundfieldslistedinTable3.6wereconducted.

Thenumberofsubjectswasfour.Thetestconsistedof15pairs(N(N-1)/2,N=6)of

stimuliintotal.Thesignaldurationofeachstimuluswas5sandthesilentinteⅣal

betweenstimuliwas1s.Thetestwasrepeatedtentimesinterchanglngtheorderof

eachpair,forallsubjects･

B.Results

Fortyresponses(4subjectsx10times)toeachsoundfieldwereobtained.The

scalevalueofASW wasobtainedbyapplyingthemethodproposedbyAndoand

Singhherealso.Consistencytestsindicatethatthreesubjectshaveasignificant(p<

0.05)abilitytodiscriminateASW･Thetestofagreementindicatesthattherewas

significant(p<0･01)agreementamongallofthem･

45



1.0

(a)

I

s

Lu
I
:.'･..).I:)TA

(b)

1.5 2.0 2.5 3.0

Delaytimeofrefkction【ms】

1.0 1.5 2.0 2.5 3.0

Delaytimeofre且ection【ms]

Figure3･5･MeasuredvaluesofIACCandW霊HormusicmotifAwith95percent
reliabilityasafunctionofthedelaytlmeOfthereflection.Thereisnodelaybetween

tworeflections:(a)IACC;and(b)W設霊.
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Figure3.6.MeasuredvaluesofIACCandW盟霊formusicmotifAwith95percent

reliabilityasafunctionofthedelaytimeofthereflection.Thedelaytimebetween

tworenectionsis1ms:(a)IACC;and(b)Wだ霊.
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Table3.8.Resultsofthetwo-wayANOVAfb∫scalevaluesofASW usingmusic

motifAwiththefactorsofIACCandW盟霊.

Factor Sumof DF Mean F-ratio
uare S

IACC

w盟霊

IACC*W盟霊
Residual

1

2

2

12

6.35 155.84**

0.00 0.08

0.07 1.77

0.04

**p<0.01･
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Figure3.7.AveragescalevaluesofASWformusicmotifAasafunctionofW盟霊
andasaparameterofIACC.+:IACC=0.94;0:IACC=0.55.Theregression
curveisexpressedbyEquation(3.2)withthecoefficientsaandbareforthenoise

slgnalslistedinTable3･5･
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Figure3･8･RelationshipbetweenthemeasuredscalevaluesofASWformusicslgnal

andscalevaluesofASWcalculatedbyEquation(3.2)withthecoefficientsaandb

areforthenoisesignalslistedinTable3･5･Thecorrelationcoefficient,r=0.97(p<

0･0 1)

TheresultsoftheanalysisofvariancefわrscalevaluesofASWareindicatedin

Table3･7･ItwasfoundthattheexplanatoryfactorIACCissignificant(p<0.01)

differencestoahighdegree.ThefactorW盟霊isnotsignificantsincethedifference

ofW霊いssmallcomparedwiththatforone-third-octavebandpassnoises.The

interactionterm betweenthefactorsofIACCandW盟霊alsoisnotsignificant.

Figure3･7ShowsthescalevalueofASW asafunctionofW霊去andasa
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parameterofIACC.ThecuⅣesshowthecalculatedscalevaluebyEquation(3.2)

usingthecoefficientsfornoisesignalslistedinTable3･5･

3.3.2.Discussion

ForanapplicationformusicsignalofEquation(3.2),itisremarkablethat

calculatedscalevaluesofASWagreewellwithmeasuredscalevaluesasshownin

Figure3.8.Thecorrelationcoefficientbetweenthecalculatedandmeasuredscale

valuesis0.92(p<0.01).CalculatedscalevaluesofASWusingthecoefficientsa

andbfornoiseslgnalslistedinTable3･4maybeappliedforscalevaluesofASW

formusicslgnalsIThescalevaluesobtainedindifferenttestserieswithdifferent

sourceslgnalsagreewitheachother･

3.4. Conclusions

TocalculatetheASWfromtheinterauralcrossICOrrelationfunctionbasedon

thecross-co汀elationmechanismofauditorypathwaysfb∫spatialinfbmation,W】ACC

isintroducedinadditiontoIACC.ThefactorW霊いsdefinedbythetimeinterval

oftheinterauralcross-co汀elationfunctionbetweenthevaluesoftenpercentbelow

theIACC.ThescalevalueofASW fわrone-third-octavebandpassnoisesandthe

bandpassnoisesof500Hzcenterfrequencyobtainedbypaired-comparisontestscan

bedescribedbytwodimensionalfactors:IACCandW-Ace.TheASW maybe

formulatedbysuperpositionoftwotermsthe3/2powerofIACCandthe1/2power

ofW盟霊.ThescalevalueofASWforamusicsignalisalsodescribedbythesame
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equationfわrnoiseslgnals.
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Chapter4

PreferredDelayTimeofaSingleReflectionforCellists

inrelationtotheAutocorrelationFunctionoftheSource

Signals

4.1.introduction

Inordertomakeanexcellentconcerthall,weneedtodesignthesoundfields

notonlyintheaudienceareabutalsointhestageareaforperfbmers.Theprlmary

issueisthatthestageenclosureshouldbedesignedtoprovideasoundfieldinwhich

perfbmerscanplayeasily･

Fromthepreviousstudies,itisfoundthatthemostpreferredconditionsofthe

temporalfactorsforlistenerscanbedescribedinrelationtotheeffectivedurationof

thelong-timeautocorrelationfunctionofthesourcesignal(Ando,1985).When

musicsignalcontainsalargefluctuationintempo,itismoreaccuratelyexpressedby

theminimumvalueoftheeffectivedurationoftherunnlngautOCOrrelationfunction

(Andoetal･,1989)･Nakayama(1984)Showedthatthepreferreddelaytimeofa

singlereflectionforalto-recordersoloistscanbealsodeterminedfromtheduration

ofthelong-tlmeautOCO汀elationfunctionofthesourceslgnal.Thepresentstudy

examinedwhetherornotthepreferreddelaytimeofasinglereflectionforeachcello
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soloistcanbecalculatedfromtheamplitudeofthereflectionandtheminimumvalue

oftheeffectivedurationoftherunnlngautOCOrrelationfunctionofthemusicmotifs

playedbythatcellist･Thescalevaluesofpreferenceforthedelaytimeofaslngle

reflectionwereobtainedusingaPairedcomparisonmethod,andtheresultswere

comparedwiththosefわrthealto-recorderplayersandlisteners･

4.2. Experimen t

4.2.1.Musicmotifs

MusicmotifswerecharacterizedintermsoftherunnlngautOCOrrelation

functionofthesourcesignalplayed.Thesamemusicmotifs(motifsIandII)usedin

theexperimentsconductedbyNakayama(1984)wereusedherealso･Thetempoof

motifIwasfasterthanthatofmotifIIasshowninFigure4.1.Thetwomusicmotifs

playedbyeachoffivecellistswerepickedupbyamicrophoneinfrontofthecellist･

Thedistancebetweenthemicrophoneandthecenterofthecellobodywas0.50±

0.01cm.Themusictempowasmaintainedwiththehelpofavisual(silent)

metronome.Eachmusicmotifwasplayedthreetimesbyeachcellist.Theminimum

valueoftheeffectiveduration(Te)minOftherumingautocorrelationfunctionofa

musicslgnalisthemostactivepartofthemusicslgnal,containinglmpOrtant

informationandinfluenclngthesubjectiveattributesrelatedtothetemporalfactors

(Andoetal･,1989)IThevaluesoftheeffectivedurationoftherunming

autocorrelationfunctionsofthemusicslgnals,afterpasslngthroughanAIWeighted

network,werecalculated.Therunningintegrationintervalofautocorrelation
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function2Twas2･Os･Thisintervalwaschosenaccordingtotheresultsofseveral

previousinvestigations(Andoeta1.,1989;andTaguti,andAndo,1997).Examples

ofeffectivedurationoftherunnlngautOCOrrelationfunctionformusicmotifIplayed

bysubjectsBandEareshowninFigure4.2.Theminimumvalueoftheeffective

duration(Te)minOftherunningautocorrelationfunctionforeachcellistandeach

sessionarelistedinTable4.1.Forallcellists,theminimumvaluesoftheeffective

duration(T｡)mi｡fb∫musicmotifIwereshorterthanthosefわrmusicmotifII.Mean

valuesof(Te)minWere46msformusicmotifIand84msformusicmotifII,andfor

bothmotifstherangesof(Te)minareWithin±5ms.Individualdifferencesinthevalues

oftheeffectivedurationoftherunnlngautOCOrrelationfunctionmaydependonthe

perfbmer'sstyle.

4.2.2.Procedure

Thesinglereflectionfromthebackwallinthestageenclosurewassimulated

inananechoicchamberbyaloudspeaker0.80±0･01mfromtheheadofthecellist.

Thesoundsignalwaspickedupbya1/2血chcondensertypemicrophoneatthe

entranceoftheperformer'sleftearandwasreproducedbytheloudspeakerafter

passlngthroughadigitaldelaymachine･TheamplitudesofreflectionAl,relativeto

thatofthedirectsoundmeasuredattheentranceoftheperR)rmer'sleftear,were

keptconstantsat-15dBand121dBwhenthecellistplayedamusicalnoteTat(442

Hz).
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MusicMotifI

J=90

MusicMotifII

J='.

Figure4.1･MusicscoresofmotifsⅠandIIcomposedbyTsunekoOkamoto

(Nakayama,1984).
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Figure 4.2･Examplesofthemeasured effective duration ofthe runnlng

autoco汀elationfunctionwitha100msintervalasafunctionofthetime.Eachmusic

motifwasplayedthreetimesbyeachcellist:(a)MusicmotifIforsubjectB,(Te)mln=

50±2ms;and(b)MusicmotifIforsubjectE,(Te)min=37±1ms･
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Table4.1.MinimumvaluesofrunnlngTeOfautocorrelationfunctionformusicmotif

playedbyeachcellist･

Subject Session
MusicmotifI MusicmotifII

1st 35 90
A 2nd 41 96

3rd 41 89
1st 52 92

B 2nd 49 87
3rd 49 89
1st 37 89

C 2nd 38 86
3rd 36 93
1st 57 87

D 2md 56 85
3rd 54 86
1st 37 71

E 2nd 38 74
3rd 36 79

Averaged

Table4.2.Rangeofdelaytimesofreflectionvariedduetothe(Te)minOfeachcellistin

subjectivepreferencejudgments･

Music AlldB]
Valuesofdelaytimesofreflection

ー15 11.8±0.8 24.0±2.0 48.0±4.0 72.0±6.0 96.0±8.0
-21 15.6±4.4 33.6±7.4 67.2±6.0 100.8±22.2134.4±29.6

MotifII
-15 19.4±2.6 39.4±5.6 78.8±11.2 118.2±16.8157.6±22.4
-21 23.6±3.4 47.8±7.2 95.6±14.4 143.4±21.6191.2±28.8
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4.2.3.Pairedcomparisontests

PairedcomparisontestswereconductedforthefivesoundfieldslistedinTable

4.2.Thedelaytimesofthereflectiondifferedbetweencellistsaccordingtothe(Te)mln

oftherunnlngautOCOrrelationfunctionobtainedinadvancesincethepreferreddelay

timeofasinglereflectionisdeteminedfrom the(Te)minOftherunning

autocorrelationfunctionofsourcesignal.Thefivesubjectswereaskedtodecide

whichoftwosoundfieldswouldbeeasierforthemtoperform in.Thetestconsisted

of10pairs(N(N-1)/2,N=5)ofstimuliintotal,andforal1subjectsthetestwas

repeatedthreetimesintercbanglngtheorderofthepalrS･Ittookabout20minutesfor

eachcellistandforeachmusicmotif.

4.3. ResultsandDiscussion

Fifteenresponses(5subjectsx3repeats)toeachsoundfieldwereobtainedand

wereconfirmedbyconsistencytests.Thescalevaluesofpreferenceforeachcellist

wereobtainedbyapplyingthemethodthatAndoandSinghproposedformodifying

theThurstonemethod.

Figure4･3Showsanexampleoftheregressioncurveforthescalevalueof

preferenceandthemethodofestimatingthemostpreferreddelaytimelAtl]pIThe

peakofthiscurvedenotesthemost-preferreddelaytime･Themost-preferreddelay

timesforindividualcellistsandtheglobalpreferenceresultsarelistedinTable4･3･

Globalandindividualresults(exceptforthatofsubjectE)formusicmotifIIwere

longerthanthosefわrmusicmotifI･
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Figure4.3.Exampleoftheregressioncurveforthepreferreddelaytime(SubjectD,

MusicmotifI,-15dB)･llogAtl]p-1･35,thuslAtl]p-22･6lms]･

Table4.3.Judgedandcalculatedpreferreddelaytimesofasinglereflectionforcello

soloists･CalculatedvaluesoflAtl]pareobtainedbyEquation(4･3)usingthe

amplitudeofthereflectionAl,and(TC)minformusicsignalperformedbyeachcellist･

JudgedlAil]p CalculatedlAtl]p
A'lldB] lms] lms]

ldB](=A+10) Ar Ceuist MotifI MotifII MotifI MotifII
A 16.2
B <12.0

-15 -5 0.56 C <12.0
D 22.6
E 17.6
Global 18.0

47.9 16.3 38.5
73.8 35.2 62.7
60.8 21.3 51.3
38.2 35.1 53.9
63.6 17.3 35.2
48.3 24.3 47.5

A 18.1
B 61.2

-21 -11 0.28 C
D 74.6
E <14.0
Globa1 30.4

48.4 21.8 51.5

105.0 59.3 105.6
77.9 80.6
86.8 56.9 87.4
42.2 24.8 50.2
71.8 37.6 73.4

59



0 20 40 60 80 100 120

DurationofACFTIP[ms]

Figure4･4･RelationshipbetweenthemostpreferreddelaytimelAtl]pandthe

duration T'p oftheautocorrelationfunctioncalculatedbyequation(4･3)･The

correlationcoefficient,r=0.91(p<0.01).+:MusicmotifI,115dB;0:Music
motifI,-21dB;▲:MusicmotifII,115dB;△:MusicmotifI1,-21dB.

Table4.4.Coefficientscforindividualandglobalresults,whenk=1/2.

Cellist Averaged
A B C D E

c 0.47 1.61 1.10 1.30 0.67 声ゴ1
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Themost-preferreddelaytimeofasinglereflectionisdescribedbythe

duration･rloftheautocorrelationfunction,whichisexpressedbyP

lAtl]p-ip

JQp(I)lenv吻 -k4'cl at T-T'p,

suchthat

(4.1)

(4･2)

Thevalueskandcareconstantsthatdependonthesubjectiveattributes(An do,

1998)･ThevalueofArtistheamplitudeofthereflectionbeingdefinedbyATl=1

relativet0-10dBofthedirectsoundasmeasuredattheear-sentrance.Thisisdueto

theover-estimationofthereflectionbytheperfTormer(Nakayama,1984)･Ifthe

envelopeoftheautocorrelationfunctionisexponential,Equation(4.2)simplyyields

弓=(logl｡乏-clogl｡A.JTe･ (413)

Accordingtoapreviousstudy(Andoeta1.,1989),thee庁ectivedurationT｡Ofthe

long-timeautocorrelationfunctioninEquation(43)isreplacedbytheminimum

valueoftheeffectiveduration(Te)minOftherunningautocorrelationfunctionofmusic

usedforjudgments.UsingtheQuasi-Newtonmethod,weobtaink5251/2andc-1.
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Itisworthnotingthatthecoefficientskandcforalto-recordersoloistswere

respectively2/3and1/4andforlistenerswererespectivelyO･1andl･Aftersetting

k=1/2,weobtainedthecoefficientcforeachindividualaslistedinTable4.4.The

averagevalueforthefivecellistswas1.06.Thisvaluecorrespondstotheglobal

results･Therelationbetweenthemost-preferreddelaytimelAtl]Pobtainedby

preferencejudgmentandthedurationで,oftheautocorrelationfunctioncalculatedby

Equation(4.3)using(TC)mlnisshowninFigure4.4.Differentsymbolsindicatethe

valuesobtainedindifferenttestseries.ThecorrelationcoefficientisO･91(p<0.01).

Thescalevaluesofpreferenceforeachofthefivecellistsasafunctionofthedelay

timeofasinglerenectionnormalizedbythecalculatedlAtl]pareshowninFigure

4.5.Differentsymbolsindicatethescalevaluesobtainedindifferenttestseries･Each

symbolhas25data(5subjectsx5soundfields)exceptfortheamplitudeof-15dB

formusicmotifI(forwhichtherewere20databecauseconsistencytestsdidnot

indicateasignificantabilitytodiscriminatepreferenceintheresultsofSubjectC).

Thescalevaluesobtainedindifferenttestseriesareconsistentwitheachother.The

regressioncurveisexpressedby(Ando,1998)

S--alxl3/2, (4･4)

wherex-logAtl/lALl]pandtheweightingcoefficientαis2･3forx≧0andl･O

forx<0
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Figure4.5.Scalevaluesofpreferencefわreachoffivecellistsasafunctionofthe

delaytimeofasinglereflectionnormalizedbyitsmostpreferreddelaytime

calculatedbyequation(4.3).●:MusicmotifI,-15dB;○:MusicmotifI,-21dB;
▲:MusicmotifI1,-15dB;△:MusicmotifI1,-21dB.Theregressioncurveis

expressedbyequation(4.4).

Figure4･6showsacellosoloistTspreferreddelaytimenormalizedbythe

minimum valueoftheeffectiveduration(ち)minoftherunningautocorrelation

functionaswellasseveralsubjectiveresponsesasafunctionofthenormalizeddelay

timeofreflectioncalculatedusingthevalueoftheeffectivedurationTeOfthelong-

timeautocorrelationfunctionofthesourcesignal(Ando,1998)･Thesevaluescanbe

calculatedbyEquation(4.3)Withconstantskandcforeachsubjectiveresponse･

Thealto-recordersoloistTspreferenceisalsoplottedinthisfigure.Thevaluesfor
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performersareclosetothethresholdofperception(aWs)forlisteners･

Table4･5.Optimumdistancebetweentheperfbmerandthere鮎ctorcalculatedfrom

Equation(4･4)inrelationtothevalueof(Tc)minforthemusicsignalplayed.

he)mi｡Of
themusicslgnal
【ms]

Distanceofthereflectorlm]

Cellosoloist

A B C D E Avera

Alto-recorder
soloist

30 3 10 6 8 4 6
50 6 21 13 16 8 13

70 9 (33) 21 (26) 13 20
90 1? (46j) (3叫 (36) 18 (29)

Note:thevalueofTeforalto-recordersoloistwasobtainedfora

autocorrelationfunction(2T=32S)･

2
4
/∩)
8

elm
.agn0=リ

As anapplication,thedelaytimeofareflectioncanbecontrolledbyadjustlng

theheightofthereflectorsabovethestage･As listedinTable4･5,theoptimum

distancebetweentheperformerandthereflectorabovethestageinrelationtothe

mimimum valueoftheeffectiveduration(Te)minOftherunningautocorrelation

functionofthemusicprogramtobeperformedcanbecalculated･Hereitisassumed

thatthedistancebetweentheinstrumentsandtheearoftheperfbmeris0.6mfora

cellosoloistand0.2mforanalto-recordersoloist.Theheightofthereflectorabove

thestagecanbeadjustediftheminimumvalueoftheeffectiveduration(Te)mlnOfthe

runningautOCOrrelationfunctionofthemusictobeplayedismeasuredbeforethe

concert.Forpracticalconvenience,thisadjustmentmaybemadeintherealsound
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fieldwiththesubsequentreverberationwhentheamplitudeofasinglereflectionis

replacedbythetotalamplitudeofthereflections.

0

0

0

1

2

l

l

[qp]
lv

0.0 1.0 2.0 3.0 4.0

lAtl]p/(Te)min

Figure4.6･Averagedpreferreddelaytimenomalizedby(Te)minforcello-soloists,as

wellasseveralsubjectiveresponsesasafunctionofthenormalizeddelaytimeof

reflectioncalculatedbyuseofthevalueofTeOfsourcesignal(Ando,1998).

4.4. Conclusions

Themost-preferreddelaytimeofasinglereflectionforeachcellistcanbe

calculatedfromtheamplitudeofthereflectionandtheminimum valueofthe

effectiveduration(Te)minOftherunningautocorrelationfunctionofthemusicmotifs
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playedbyeachcellist･Thescalevaluesofpreferenceforbothindividualcellistsand

forglobalcellistswithregardtothedelaytimeofasinglereflectioncanbeexpressed

byasimpleformula,normalizingthedelaytimebythemost-preferreddelaytime

observedfordifferentmusicmotifs.
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Chapter5

SummaryandConclusions

5.1.SummaryandConclusionsofThisStudy

Toproduceanexcellentsoundfieldinaconcerthall,itisnecessarytofindthe

sigmificantphysicalfactorsonthesubjectiveattributes.Basedonthemodelof

auditory-brainmodel,thisstudyhasinvestlgatedtherelationshipbetweenthe

subjectiveattributesinthesoundfieldandthefactorsextractedfromtheinteraural

cross-correlationfunctionandautocorrelationfunction.

Inchapter1,previousstudiesonthesubjectivepreferenceandothersubjective

attributesinthesoundfieldaresummarized.Theaim ofthisstudyhasbeen

describedafterthemodelofauditory-brainsystemandthefactorsextractedfromthe

interauralcross-co汀elationfunctionandautoco汀elationfunctionweredescribed.

Inchapter2,thesubjectivepreferenceorimageshiftinrelationtothefour

orthogonalphysicalfactors(thelisteminglevel,theinitialtimedelaygap,the

reverberationtimeandtheIACC)andtheinterauraltimedelayTIACCWasexaminedin

existlngsoundfields.TheinterauraltimedelayTfACC isrelatedtothesound

localizationinhorizontalplaneorbalanceofsoundfield･Subjectivepreferencetests

bythepaired-Comparisonmethodwereconducted,Switchingonlytheloudspeakers

onthestagewithoutmovingfromseattoseatinordertoexcludetheeffectsofother
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physicalfactorssuchasvisualandtactilesenses･Asasourcesignal,musicmotifB

wasused.Therelationshipbetweenthescalevalueofsubjectivepreferenceand

physicalfactorsobtainedbysimulationuslngarchitecturalschemesisexaminedby

thefactoranalysis･Theresultsshowsthattherearsource(source4)ismorepreferred

thanthatoftheothersources.IftheIACCisobtainedatacertaininterauraltime

delay,thenscoresdecreaserapidlyduetotheimageshiftofthesoundsource.The

resultsoftheanalysisdemonstratethatthetheoryofcalculatingsubjective

preferencebyuseoffourphysicalparametersissupportedonlywhenthemaximum

valueofinterauralcrosscorrelationmaintainedatTIACC=0.

Inchapter3,theapparentsourcewidth(ASW)inrelationtotheIACCandthe

widthoftheinterauralcross-correlationfunctionWIACCWasexaminedinsimulated

soundfields･Theapparentsourcewidth(ASW)whichrelatedtothebroadeningthe

soundimageiscomlatedtotheIACC.TheASW isalsorelatedtothespectral

componentofthesourceslgnal.For.example,eveniftheIACCisconstant,theASW

increasesasthecenterfrequencyofoctavebandnoisebecomelowerorasthelower

frequencycomponentsincrease.Thesefactsarereflected in theinteraural

crosscorrelationfunction･Thepeakofthefunctionbecomebroaderasthecenter

frequencyofoctavebandnoisebecomelower･Basedonthecrosscorrelation

mechanism inauditory-brainmodel,itisproposedthattheseresultsmaybe

describedbyfactorsincludedintheinterauralcrosscorrelationfunctionitself,namely,

IACCandWTACC.ItwasexaminedwhethertheASWcanbecalculatedasafunction

ofboththeIACCandtheWIA｡｡･Inthisstudy,thetenpercentilewidthW㍊ is
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appliedfわrthepracticalconvenience.

First,thescalevaluesofASWwereobtainedbypairedcomparisontests.The

valuesOHACCwereadjustedbycontrollingtherationofthesoundpressureofthe

twolateralreflectionstothatofthedirectsound･ThevaluesofWSPcwerevaried

bychangingthecenterfrequenciesofone-third10CtaVebandpassnoises.Thecenter

frequencieswere250Hz,500Hz,1kHz,and2kHz･Subjectsjudgedwhichoftwo

soundsourcestheyperceivedtobewider.TheresultshowsthattheIACCandthe

wS'&contributetothescalevalueofASWindependently･ThescalevalueofASW

canbecalculatedbysupelpOSitionoftwotensthe3/2powerofIACCandthe1/2

powerofWE'Pc･

Intheresultsofthetestforone-third-octavebandpassnoises,thevalueof

wS'PcisconstantuslngOneCenterfrequency,evenifthevalueofIACCisdifferent.

Inthisparticularcase,WE'Pccanbereplacedbythecenterfrequencyofthenoise

slgnal･However,WE･Pcdependsonthebandwidthofthenoiseslgnal･Second

experimentswereconductedcontrollingtheWE'g)cbychangingthebandwidthofthe

bandpassnoisesof500Hzcenterfrequency.Thebandwidthswere1/3,1/1,2and3

octave･TheresultshowsthattheIACCandtheWE･Pcalsocontributetothescale

valueofASW independently,andthescalevalueofASW canbecalculatedby

superpositionoftwotermsthe3/2powerofIACCandthe1/2powerofW監'PcI

Toexaminewhetherthefomuladescribedinaboveexperimentsmaybe

appliedtoamusicsignal,thirdexperimentwasconductedcontrollingthedelaytime

ofthereflectionAtlusingaSinglemusicsource･WhentheAtlisclosetothe0ms,
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thevalueofIACCisincrease,andtheWS'Pcischanged･Theresultsshowthatthe

scalevaluesofASWforamusicslgnalarealsocalculatedbythesameequationfor

thenoiseslgnals.

Inchapter4,subjectivepreferenceofcellistsforthedelaytimeofasingle

reflectionwasexamined･ThescalevaluesofpreferenceforthedelaytimeOfasingle

reflectionwereobtaineduslngaPairedcomparisonmethod,andtheresultswere

comparedwiththoseforthealto-recorderplayersandlisteners･Theresultsshows

thatthescalevaluesofpreferenceforbothindividualsandforglobalcellistswith

regardtothedelaytimeofreflectioncan beexpressedbyasingleapproximate

formula,normalizingthedelaytimebythemost-preferreddelaytimeobservedfor

differentmusicmotif.Themost-preferreddelaytimeofasinglereflectionforeach

cellosoloistcanbecalculatedfromtheamplitudeofthereflectionandtheminimum

valueoftheeffectivedurationoftherunnlngautOCOrrelationfunctionofthemusic

motifsplayedbythatcellist.

Inchapter5,conclusionsandfurtherproblemsaresummarized.Theresultsof

thisstudyleadtotheconclusionsasfollows:

(1)Subjectivepreferenceinexistingsoundfieldcanbecalculatedusingthefour

physicalfactorsandtheinterauraltimedelayTIACC.IftheTIACCISnotZero,then

thescalevalueofpreferencedecreaserapidlyduetotheimageshiftor

unbalancedsoundfield.

(2)ScalevalueofASW canbefomulatedbysuperpositionoftwotermsthe3/2

powerofIACCandthe1/2powerofW豊i)C･
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(3)Themost-preferreddelaytimeofasinglereflectionforeachcellosoloistcanbe

calculatedfromtheamplitudeofthereflectionandtheminimumvalueofthe

effectivedurationoftherunnlngautOCOrrelationfunctionofthemusicmotifs

playedbythatcellist.

Itisrecommendedthatthefactorsextractedfrom theinterauralcross-

correlationfunction,theinterauraltimedelayTIACCandthewidthoftheinteraural

crossICOrrelationfunctionW-ACCaSWellastheIACCaremeasuredinthetestofthe

acousticalconditionafterconstmctionoftheauditorium.

5.2.ApplicationofThisStudy

Thisstudy confirmed the interauralcross-correlation mechanism and

autocorrelationmechanismintheproposedmodelofauditor y -brainsystem.The

spatialandtemporalphysicalfactorsthatassociatedwiththerightandleftcerebral

hemispheresarebasedonthesesmechanisms･Bothhemispheresmaybesatisfiedby

optlmlZlngthesefactors.Inthissection,anapplicationofthisstudyforthedesignof

aconcerthallisdiscussed.

Thefundamentalconceptfortheacousticdesignofaconcerthallwasderived

fromthesubjectivepreferencetheoryusingthefourorthogonalphysicalfactorsand

isillustratedinFigure5.1･Thespecializationoftheleftandrighthemispheresfor

temporalandspatialfactorsshouldbetakenintoconsiderationforbothlistenersand

perfomers･Altemativedrawings,forincreaslngthescalevaluesofpreference,
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Shouldbedeterminedusingthedatainformation.ThefirststepIStOdeteminethe

dominantuseoftheconcerthallunderdesignbyselectingacertainrangeoftheTe

forthesourceprograms,whichdependsonthetypeofmusicanditstempo.The

secondsteplStOfbm theinitialdrawlngSOftheenclosuresoastooptimizethe

spatialfactorIACC･Thefinalgoalistomaximizethescalevaluesofpreferencefor

boththelistenersandtheperfomers,andthisisreflectedinthefinaldrawlngOfthe

concertball.

Figure5.1.Flowchartfわrthedesignofaconcerthall.
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Inchapter2thesubjectivepreferencetheorywasconfirmedinexistingsound

field.SpatialattributeofthesoundfieldmaybedependsontheIACCandtheWIACC

asdescribedinchapter3･Theresultsinchapter4maybeappliedtothedesignofthe

stageenclosurefortheperformers.

Asanapplicationofthetheory,aseatselectionsystemwasintroducedto

maximizethepreferenceofeachindividualwithrespecttothesoundfieldas

describedbythefouracousticfactors(Andoatal･,1997)･Preferencetestswere

performedinalisteningroomsimulatingthesoundfieldswithmultipleloudspeakers

installedintheKirishimaintemationalconcerthall.Paired-Comparisonmethodis

usedtoobtainthemostpreferredcombinationofLL,At"Tsub,andIACC.Several

musicmotifsareusedasasoundsignal.Sinceitisassumedherethatthereisno

effectoftheorderofpresentation,thetestsoundfieldsweretestedusingatotalof

thirty-threepalrS,WithfivelevelsofLL,Atl,Tsub,andthreelevelsofIACC.The

durationofeachstimulusisabout10s.Ittakesabout15minutesforeachlistener.

Scalevaluesofindividualpreferenceasafunctionofeachphysicalfactorwere

obtainedbythesimplifiedmethod(AndoandSingh,1996)･An areaofseatswhere

individualpreferenceismaximizedcanbefound･Examplesofpreference-testresults

forthreeindividualsusingSuiteVIfromthe"WaterMusic"byG.F.Handel(Te=62

ms)areshowninFigure5･2･Theseatsareclassedinthreepartsaccordingtothe

scalevaluesofpreference.Blackseatsindicatepreferredareasaboutone-thirdofall

seatsinthishallforeachsubject.ListenerAshowsapreferencesimilartotheglobal

preferenceforeachfactor･ListenerBisrecommendedtositclosetothestage
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becauseheprefersahighlistenlnglevel･Thelistenlnglevelisdesignedtobenearly

constantthroughoutthehall;however,alargevariationinthelisteninglevelmaybe

usefulformeetingthelargerangeofindividualpreferencesinlisteninglevel.

ListenerCisrecommendedtositnearthesidewallsbecauseheprefersashortinitial

timedelaygap.Therangeofpreferredlisteninglevel,forexample,ismuchgreater

than20dBAduetotheindividualdifferenceofthehearinglevel･Withregardtothe

reverberationtime,therangeofpreferredvalueisO･5-4･5S(AndoandSetoguchi,

1996).Theinitialtimedelaygapalsohasagreatrangeofpreferredvalue･Thelarge

individualdifferencesinthemostpreferredlisteninglevelareatleastpartlyrelated

totheindividualhearinglevel･Thepreferredinitialtimedelayandthepreferred

reverberationtimeareassociatedwithan individualpreferencefor"liveness'..

Generally,thepreferredvaluesofLL,Atl,andTsubforeachindividualarequite

different,butallofthesubjectstestedalwayspreferredasmallvalueofIACC.To

maximizetheindividualpreference,suchfactsmustbeconsidered.Individual

differenceofthesubjectiveattributesstatedinthisstudymaybediscussedinterms

oftheweightingcoefficientsforcalculatingthescalevaluesofASW orthescale

valueofpreferenceforperfomers.
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Figure5.2･Preferredseatareagradedintothreelevelsobtainedfromtheresultsof
preferencetests:(a)ListenerA;(b)ListenerB;and(C)ListenerC.
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5.3.FurtherProblems

Basedonthemodelofauditory-brainmodel,therelationshipbetweenthe

subjectiveattributesonthespatialfactorinthesoundfieldandthefactorsextracted

fromtheinterauralcross-correlationfunctionwasinvestigated.

Inthisstudy,thefactorsextractedfrominterauralcross-correlationfunctionare

calculatedfrom thelong-timeinterauralcross-correlationfunctionwithoutany

temporalpartitionlngOftheintegrationinteⅣallike0-80ms,however,spectmm

componentsofthesourceslgnalchangestemporally･Therefわre,itshouldbe

confirmedthatthespatialattributesarechangedtemporallyintroducingtherunnlng

interauralcross-co汀elationfunction(Yanagawaetall,1988;Yanagawa,1997).

Theapparentsourcewidth(ASW)Canbecalculatedfromthetwo-dimensional

factors:IACCandWlACC.TheIACCisthefactordependsonthesoundfield,andthe

WIACCmainlydependsonthesourceslgnal.However,thesubjectivediffusenessmay

tosomeextentberelatedtoAtlandTsubunderthefixedconditionsoftheIACCand

WIACC.TheWTACC isaffectedbythesoundfieldlikeconcerthalloroutdoorsound

field(Sakaietal.,1998).TherelationshipbetweentheASWandthephysicalfactors

shouldbeinvestigatedtocalculatetheASWateachseatinaconcerthall･
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AppendixA

MethodofFactorAnalysis

Themethodwhichisappliedinthemultiple-dimensional-factoranalysisof

Section2.4isbrieflydescribedhere(Hayashi,1952;Hayashi,1954a,b).Wegivethe

numericvaluestoeachsub-Categoryofeachitemandsynthesizetheresponsesaswe

areconcemedwithbehaviorpattems.

Inthisanalysis,allitemsdonotneedtobescalable.Usethedataofncases.

LetAbeanoutsidevariableanddefinesandkass=1,2,...,R(Risthe

numberofitems),andk=1,2,･･･,Ks(Ksisthenumberofsubcategoriesinsth

item),respectively.Sinceeachcasechecksonlyonesubcategoryineachitem,the

behaviorpattemofthei-caseistobesynthesizedintheformof

KT RKs
a,-∑xs(i)-∑(∑∂E(sk)Xsk),sl1 szrlkzl

蓋∂i(sk,-1

where

and

(Al)

(A2)

8.A(sk)≡1,ifthei-Casecomesunderthekthsubcategoryinthesthitem,
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ai(sk)-0otherwise･
ai,Whichiscalledthetotalscoreofthei-case,hasanumericalvalue,sinceXsk

hasanumericalvalue.

ThecorrelationcoefficientpbetweenAandaiiswrittenasfollows:

(4-AXα,I-a-)

p(A,a.)-

where

A-=三i Ai, dA-三茎(4･-A-)2,

_ 1
α-~■■■
〝茎αt･, U三-三芝(ai一存)2･

(A3)

(A4)

Inordertoobtainamaximumvalue,p,ortobeestimatetheoutsidevariablefrom

thebehaviorpattem,putA-0and古-0,becausepISinvariantunderashiftof
originThescoreofeachsub-categorycanbedete-inedbysolving

一堂-=O,
aXsk

(S=1,2,･･･,R;k=1,2,-･,Ks)･ (A5)
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AppendixB

WIACC definedbytheWidthoftheInterauralCross-

correlationFunctionCrosslngZero

Forthevalueofthe∂inEquation(1･7),thewidthatthezerocrossing,W霊と

maybeemployed.Thismeans∂≡1.0whenIACC≡1.0.ThescalevalueofASW

forone-third-octavebandpassnoisescanagainbedescribedbythefunctionofIACC

andWn'g)C,suchthat

S(ASW)-S(IACC)+sPn'2)C),

S(ASW)-a(仏CC)3'2+b'(W£tOhl'2･

(Bl)

(B2)

Thecoefficientsa'andb'inEquation(B2)isderivedfromamultipleregression

analysiswiththeterm ofthe3/2powerforIACCand1/2powerforWa'g)C･

Coefficientsa'andb'forglobal resultsare-1.69andl･35,respectively.The

maximume汀OrbetweenthemeasuredandcalculatedscalevalueofASW is±0.18.

Similartotheresultswith∂at10percent,thecorrelationcoefficientbetweenthe

measuredscalevaluesofASWandthecalculatedscalevaluesofASW is0.98(p<

0.01).Coefficientsa'andb'foreachindividualarelistedinTableBl.Standard

79



deviationsofthecoefficientsforindividualsare±0･57and_+0･33,respectively･

ThereislittledifferencebetweentheresultsfordefinitionsoftheWn'g)cand

theWSIPcincalculatingtheASW (one-third-octavebandpassnoises)･Considering

thejustnoticeabledifferenceforIACC,however,thedefinitionofthetenpercentile

widthseemstobemoresuitableforspeechandmusIC,OrSlgnalsofbroaderspectral

content.

TableBl.Coefficientsa'andblinEquation(B2)foreachindividualusingone-

thirdoctavebandpassnoises,togetherwiththecorrelationcoefficientsbetweenthe

measuredscalevaluesofASWandthecalculatedscalevaluesofASWbyEquation

(B2);the95percentreliability;andthemaximume汀Or.

Co汀elation 95percent Maximum
Subject a b' 完V;AffyiAcPi-;vnAtA /r;llT{bAi蒜
Globa1 -1.69 1.35
SH -1.26 1.40
TS -1.56 1.75
cc -1.11 1.55
SY -1.00 1.60
MK -2.26 1.08
ST -2.61 1.08
TH -2.07 0.74
FK -1.05 1.79
NK -1.84 1.20
0S -2.14 1.18
MeanSD -1.69±0.58 -1.35±0.88

0.98
0.88
0.97
0.97
0.91
0.95
0.95
0.88
0.89
0.81
0.94

±0.09 ±0.18
±0.18 ±0.47
±0.11 ±0.26
±0.10 ±0.21
±0.17 ±0.55
±0.17 ±0.40
±0.16 ±0.52
±0.19 ±0.58
±0.20 ±0.53
±0.23 ±0.77
±0.14 ±0.39
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