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l .lNTRODUCTION.

Originally, the goal for characterising musical instrument sources, was mainly to know how to
make good instrumental A field of research has devellopped, trying to qualify and quantify, what
the instrumeth maker is able to do due to his experience. This field includes difl'erent domains

Thefirstonelinksthemusicaltonesandthetonequalifiesweperceive'l'hisfielduses
psychoamusfics.
Then, his logical totryand chmeteiisetheinflueneeofthedifiemupamoftheinxmnnem on
the desired qualitiest Therefore, we need to know the way the instrument works. this means
elaborate physical models _ which can also allow to simulate it.

Youalsonwdtoknowtheinflueneeoftheshnpe, andtheassanblyofthedifi‘etemoomposants
onthe produced tones, which constitutes another field ofresearch

Alhsgyoucansludytheinstrumeminflinsequafly.mduytolmdersundthewnyhisgoingto
spatiallyemhthe sound . Thisfieldisthe studyofthermisichmrumemsndinfion, whichthis
paperdealswhh.

2ASOURCES CHARACTERISATION
Global study.

lnlheglobalsmdyofsoundmmdiafiomthereuetwodifieremmethodologiea'l'hefim
mhfimontheacmcymdmempmduefibflityofthemeasmmmihheymvay
firfiomreality [M.AR42],[MEY64], andtheothu-oneusesmnppmadadosetoasound
engineer one i.e. by oonsiderafing theeauple instrumentist - instrument as asomee [JAN'IS],
[GARCB3].

Our method

In June 1987, was organized by P. Jouenne and C. Semidor, amcampaign, din-ins a
tour ofthe National Bordeaux Aquitaine Orchestra The idea was to reeonl in an enact-ole mom

PIOCJDJL Vol 19 Part 3 (1997) 167 



 

Proceedings of the Institute of Acoustics

CHARACTERISTICS OF SOME MUSICAL INSTRUMENT SOURCES

about fifiy musicians, located in the «center» ofa sphere of 16 microphones, in «real
conditions»ofperfoming.

Our method relates to the notion of acoustical flux through a fictive closed region around the
source we want to study.
The solution to the propagation equation for a potentiel w, in the case of a harmonic diverging
spherie wave is :

9%,} exp(iw(t —%)) . where A stands for the strength ofthe source.

Whenoe the acoustic pressure Fog =piw£exp(iw(t — 2))
l'

and the normal velocity v=-grndq7= —Az-exp(iw(t — 5)) + iwg exp(iw(t - E»
l'

The mean total flux through the closed region S is :

fifflm dt=%fflffi.fid$dtwhere i.d§= iii/ids isthe flux ofthe intensitylthrough
o s 0 3

phase , and after and integntion on a sphere ofmy R ( chasm as the closed region), we obtain

Whenee ifL, is the mean level on the sphere and L. the acoustic power level of the sound

source.
L,=1,+101og(41m=) a
The equation that we established for a monopole remains accurate. for a rnnltipole source in

for field conditions (R >> I.) '
In the measurement technique we usetL the reference surface is n sphaic one with a spatial
sampling corresponding to an isocaedmrL
A: we former arplained, we only use 16 microphones located on a sphere . Each microphone-
conespondstolnelementarywrfawofthesphere.Thetotalaoundpowerlevelis
approximated with the pression levels measured on each microphone.

dS

Infarfiddoonditions,ier>> fifiheexpressioninfibecomwneglisiblepandvarein ‘

 

ir=| 1 is ‘10““"‘ +§io°-'”"- L.»i ' level on micro n°i
03 41h“ H i 3 ' ‘

iiln
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Where s,= % where s is the total surface ofthe sphere.
_ z

Whence Lw=LP+lD.log 4:

 

So =l In2 (reference surface).
a

3. ANALYSIS

In a first approach. we don’t want to study specifically the tone of the instrument, but try to
extract fi'om each sequence a global information (if possible) usable for simulation. Therefore
we have to conceive a method to reduce the information.
Thestudywemndeconsistedinaoompafisonbetweenasempleandammvalue(onall
samples). In this case we have to cheek it'the mean value is characteristic ofthe distribution of
samples. Wefindngoodstabilityforhighlevels(fone), thisisduetothefnctthat thereference
meunfiavoursthehighlevels. Weobuinbettaresultshyeliminafingatfirsttheexepfionml
character sample&[COU97]
Wedon'thawngnifimfivesrenfltsformepawsdvemsnummtfisiscmamlydueto the
fanthatwedon'ttrenttheamckxspedficallyinmnstudy.

Toillustmeourremlta,.weaeeteda3Drepresemafionoftheemisaion Weahowtheresults
weobminedfortheanifiaionofthemokenvoiee(ilhrstrationl),therestofthcdatabasecan
befoundin[COU97]. Theevolufionofthepatatoidofdirecfivhycaubeahm'edirnothreee
mm
Around 125mmndiafionshowsasymenyofmmhrfionmundavaficalmwmaining
thebodyofthespeaken-Jheradinfionisabitmoreintenseinflom.

' Armmdsoomthewmwhmmesamemfigmfionhnthemdinfionbeoomesmmmmse
overthebeatL

MovafiewshawsmoresuhsWWMdhaveobumedbymfiugmmunmhdiflawm
planelnthoseplnnnhoradiafiontobeomnidirecfionnal, althoughtheglobalmdiationof
memmceismmsahowathefininfionofthemmememshtwophmonly.
Around 1250mmemdiafionbecomesmuehmoreeomplicated.Wehavealossot‘mdiation
behindthetalker,inanopenednngleof120°ontheleflandthefigln
Thanismhnpommlobedawmwarefleaingcéfingwfllhxvemimpommpmibrdlose
fiequendes.Atveryhighfi'equcies, themdiefionisverycomplimted too. Thueisstillthis
lWopafingnndmimpmmlobenmmdthemlkmmomhmddowntoo. Thereisveryfew
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4. SIMULATION

The main intu'est ofa sinmlnlion soflware is to be able to apprehend the efi'ect ofa modification
on a project withmt havingto materialize it.

An mute simulation requires s good modelisation of the difl‘erent parameters involved in the
studied phmommon. The knowing and modelisation ofthe sound sources is s main slept

Theintu’eszofmnmodéliesinthefactdmthesoundsouroeistheinsmmtenfistmdhis
instrument, sowedon'thaveto resdapt thereal position ofthe insmmentwhenbeingplsyed
bynmsidmwhichisthemseforthemeasurementsintwoplsns.
hmonsofiwsregyoucan‘enter the carameritics ofthe soureebyoctave bands, between 125
Hz and 4kHz, but the artsy of the source is most of the time conceived for eleeuoaeoustic
mmdsomeamdyouhswtog'vethedirecfivityto —3 or-6dBv

Within other scam it is possible to enter directivity data on a closed region (sphere or
parallelepipedic surface, cultured around the source). We have to transform the data of our
databasetoadsptthtomhnew environnement, this meanstransformourdatatomake
themfitmtheldndafdmaeeeptedbythesoflware,d1enwecantestitou1aroom,snd
oompsretherearltsobtsined for difl‘m'em sound sourres..

Somesofiwsressllowthemfissionofseversl sound soumesntthesamefimewithstimedelsy
.Thisalluwsustoshsreoursphereintoabiggernumherofelememarysoureeswiththeright
amplimde_and phssetoreeonsu-uct the global so ‘

Tousethispossibility,wedidansmemssimulntion,i.e.findmefiglnsuengthmdphssgwith
whicheachelemmtsrysoumehsstoemit[COU97]. Thoseresultscanbeusedinsofiware
simulation, and the precision of the sound min] in binmu‘al sinwlation Unfortunately, usually
thefimeddayisnotajumhleinfoncfionofthefrequency.
Thesestepssredesm’bedtoshowtheimpomnceoftheurfiformisafionofthesoimdsourees
dam
Wedidliinuflation,hammorflybychangingthesoumewithinthemgmupof
insuumans(sutings),andeompering thesu-ingstosuurnpet [COU91].
Asforthemeasutemans,Csoisverysensifivetothechsrigeofsoumevenforsomeeswhhs
verydosedireefivityuuings).
Theatheru'iterinohungehut-in s smaller proportion.
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