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This paperbriefly reviews several recentdevelopmentsin physicalmodelingof woodwind musicalinstruments.In particular issues
with regard to real-time synthesisof toneholes the single-reedexcitation mechanismand conical air columrs are discussed.A
programmingervironmert appropiate for real-timephysicalmodelingsynthesisis presentedaswell asissuesof controldemaned
by recentincreasesn modelcompleity. Psychoacostic studieshave begunto exploit the parametridlexibility of physicalmodelsto
studycomplex auditoryperception Onerecentstudyaddressig auditorylearningandmemoryis described.

MODEL DEVELOPMENTS

This paperaddessedime-danain modelsof wood
wind musicalinstrumeis which canbeusedfor real-time
soundsynthesis. In particdar, digital wavegude tech-
nigues areemplgyedto efficiently modelwave propaga-
tion within theinstrumen air column

Toneholes

Keefe(198l1) presets a rigorous study of woodwird
instrumen tonehde acousticsand provides frequeng-
doman resultscalibratedin part throudh experimental
measurerants. Scasone (1997) and Smith and Scavone
(1997) translatetheseresultsfor efficient implemerta-
tion in time-damain digital waveguide models. Keefes
apprachprovidestwo distinct modelsfor the open and
closedtonelole states ScaroneandCook (1998) present
asingletonehde modelcapalte of dynamic statechanges
from fully openthrough fully closedwhich showvs goad
agreerentwith the Keefemodel. An alternateappoach
usingwave digital filter techniqesresoles a limitation
on the minimum tonehde heightinherert in the earlier
modé (vanWalstijn andScaone,2000.

The Single-Reed Excitation

Thereedmechaism of woodwind instrumetts is tra-
ditionally moceledasaseconeorderoscillatorandanon
linear volume flow characteristic.For clarinet-like sys-
tems, the reedbehaior is domiratedby stiffness. Un-
der this assumptionit is comnon to negled the reed
massto produce a simplified, memay-lessmocel. Re-
centwork hasconcetratedon efficient numerical tech-
nigues to solve the simultaneasreed/lmre andnonlinear
flow equatios (Borin et al., 200Q Avanzir, 20@).

Conical Waveguide | ssues

Ayerset al. (1985) providesa detailedstudy of con
ical air column acoustics. While a completecone can
suppat harnonically-alignedpartials, the resonanesof
a truncatedand stoppedconic frustrumare “warped in
proportion to the lengthof the truncatedsection. When
an appopriatelydesigne digital waveguide structue is
usedto mocel atruncatedcone theresultinginharnonic-
ity of the air column cancomplicde the production of a
stable“regime of oscillation”. Several appoacheshave
beeninvestigatedo yield stable“conical” air columnbe-
havior.

REAL-TIME SYNTHESIS

Digital waveguide techniges have beenusedto im-
plementreal-timewoodwind instrunent synthesismod
elsonconputerhostprocessorsincethemid-1990s(and
on special pupose digital signal processinghardware
sincethe late-198s). Continuirg adwarcesin desktop
compuing power are allowing ever greatermodelcom-
plexity. The digital waveguide techniqie computesthe
air colunm reflectionfunction in real time (as oppsed
to the useof a fixed reflectionfunction storedin mem-
ory). This allows smoothmodificationof the air column
paraméers,suchasthe openirg andclosingof tonetoles
or muting of a brassinstrumen bell. A cross-plathrm
synthesisernvironment hasbeenwritten in the C++ pro-
gramning languag@ to aid in the pratotyping andtesting
of themodelsdiscusse@bove.

The Synthesis ToolKit (STK) in C++

The SynttesisToolKit (CookandScarone, 1999 pro-
vides an object-agiented, C++ framework for the pro-



gramning of audio signal processingalgorithns. Spe-
cific designgoalshave includedcross-pléorm function-
ality, easeof use real-timesynthesigindcontrol,anduser
extensihlity. STK provides“unit geneator” classegor a
variety of filter and synthesisalgoithms, aswell asin-

put/ouput functionality for internd streaming,realtime
computer audiohardware, and .wav, .snd,.aif, and.mat
(Matlab MAT-file) formattedfiles. The ToolKit currerily

runswith realtimesuppat (audo andMIDI) on Linux,

SGI (Irix), andWindows computer platforms. Generic,
non+tealtime supprt hasbeentestedunder NeXTStep,
but shouldwork with arny standad C++ compiler

Realtime Control

Oneadwarntageof physical modelsis paraméric con-
trol of instrunentfeatues. Thecompgex paraneterspace
which often results,hawever, canprove to be nealy as
difficult to masteras that of real musical instrunents.
This hasstimulatedresearctanddevelopmert in human
computer interfacetechnolaies, a rapidly growing field
of study While comnercially availableMIDI wind con-
trollersprovide amoreapprariateinterfaceto woodwird
instrumem models,thesedevices remainlimited in their
functionality, in partbecaseof limitationsin commecial
synthesizersExtensios have beenpropsedandimple-
mentedo addessthe controlof dynamc tonetole mod
elsasdiscusse@bove (ScavoneandCook,1998).

PSYCHOACOUSTIC STUDIES

The paranetric flexibility of physical modelsoffers
new oppotunitiesfor the studyof complex auditoly per
ception Recentexpetimentswere condictedto testlis-
teners’ability to attendselectvely to the properties of
a physical model compising collisions betweenmulti-
pleindepenlientsoundproducing objects (Lakatoset al.,
2000. Percussiorinstrument sourds were synttesized
usingphysically informedsonicmodding (PhISM)tech-
nigues (Cook 1997. Resultsshoved that listenersare
ableto correlatesomecomman physicalpropertiesacross
differenttarget andcueobjecttypes.
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