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INTR ODUCTION PHYSICAL MODELLING SYNTHESIS Model of awind instrument bore: N
Whena planewave travelling alongonedimensiorreaches A waveguidesynthesisnodelmustalsoincorporatedigital

the end of the medium through which it is traveling, it lters to accountfor lossesoccurringduring propagtion

ducestringsof numbersrepresentinaary concevable ~ Will re ect, causingconstructve and destructe interfer andatboundaryre ections. Thesdosseshave asubstantial
_ b he t travelling i tedirec- N uence ontheproducedsound.
or hearablesound. Wonderfulthingswould comeout ~ €ncebetweenthe two wavestravelling in oppositedirec
of thatbox if only we knew how to evoke them” tions. The resulting standingwave patternsproducedby S 2w EEN S .
JohnPierce Plavbov 1965 this phenomenonare the basisof harmonicsand/orover-

| | | " yROX tones,and contribute to the characteristiccoundor timbre O 2" o
Drawing of the rel_atlon§h|pbetweenmgsw theory.and of anacousticspaceor instrument. Whenmodelingpressuregropagtion alongacoustictubes
mathematicsarelationshipasold astheexistenceof either - standing Waves for example, lters (! ) accountfor viscousdragandther

discipline, ComputeMusic appliesnev andexisting tech- mal conductionwhich take placewithin a thin boundary
nologiesto mary differentareasjncluding, but not limited lateralongthe borewalls.

As a musicalinstrument,the computerhasunlimited
potentialitiesfor uttering sound. It can, in fact, pro-

to, soundsynthesisdigital audio, musicalacoustics psy- ~— | Perfectconstrucive and de- 5,0 i stalsousere ection andtransmissionlters (1)

choacousticanusiccompositionmusictheory andperfor e SUTUCHVE Interferencecauses _ ( ) respectiely, at both endsof the tube, andat any

mancesystems. N SN the proctzltuctlon of standing intervening points wherethereis a changein the tube's
. | wave patterns. .

Course Description IR NS4 R crosssectionahkrea.

This coursantroducesnethoddor discrete-timenodelling ACOUSTIC MEASUREMENTS

of musicalacousticsystems Conceptof digital audioand Thoughsomemodelsmayrely on approximationgo these

samplingtheorywill be reviewed, but topicswill focuson 1 he Wave Equation and Digital Waveguides losses,othersmay use actual acousticmeasurementsio
delay-baseaudio effectsand synthesisof musicalinstru-  Digital waveguidesynthesideginswith D'Alembert's ob-  \yhich Iters may be matched,producinga soundoutput
mentswith practicalprogrammingn Matlaband/orC/C++. senationthatin amediumsuchasa string, or wind instru- having the samefrequeny characteristicln this coursewe

Topics mentbore, thereare wavestraveling to the left andright il 1earn how to measureacousticsystemsby obtaining

Conceptf soundanddigital audio alongonedimension/eadingeventuallyto thegeneralized the impulseresponsewhich completelycharacterizeshe
solutionto thelossless1-D, secondrderwave equation system.

Digital lters: comb,allpassdelaylinesetc.
Sampledraveling waves y(t; X) = yr(t x=0) + yi(t + x=0);
Digital audioeffects: phasing,anging, andchorus

wherewavesaretravelingto theright andleft with velocity
Arti cial reverberation c. D'Alembert's equatioris basisfor thedigital waveguide,
Digital waveguide instrumentmodels: plucked and or bidirectionaldelayline which canbe usedto modelthe
struck string, acoustictubes,humanvocal tract, plates, trans\ersedisplacementvaveson a stringor thelongitudi-
etc. nal pressurevavesalongthe boreof a wind instrument.lt
canalsobearrangedn a 2D and3D meshto modelwave
propagtionon platesmembraneandin volumes.

Guitar String

Finite differencemodels: string, reedandvocal fold
models plates.etc.

Related course CMPT 368: Introductionto Computer
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Music andSoundSynthesis. - . Standingvave patterngreate
Delay Lines L= harmonicsdeterminedoy the
_ = = relationship between wave-

Thedelayline is anelementarfunctionalunit which mod-

elsacoustigpropagtiondelay It is afundamentabuilding Q&@ ength - and guitar string
nlock of both digital waveguide modelsand delay effects lengthL. Signal analysis
orocessorghefunctionof which s to introduceatime de- Model of aanideallossless
. . . - Impulse response for a closed end cylinder
ay, correspondingo M samplesbetweents inputandout- string: —
put. T ) A B
y(n)=x(n M); n=01L12::: bndge-uE L } ;;; R
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The M -sampledelayline: Z ‘l " .
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x(n) ———= z M —y(n) ] ] Impulse response for an open end cylinder
Wind instrument boresopenat both ends(e.g ute) A \ I
. o o ~ Impulse inverted at open end
TappedDelay Line Sl p
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A taprefersto the extractionof thesignalata certain
positionwithin thedelay-line.
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A delayline tappedafter a delay of M ; samples:
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FINITE DIFFERENCE APPROXIMA TION
Finite differenceapproximation(FDA) methodswill be

x(n) ——= z M - z M2 M) L o yn)=x(n My)
o

n M Thefundamentafrequencys givenby usedto model variousreed mechanismaisedin acoustic
A Multi-Tappeddelaylinesefciently simulatemultiple fL= o= ;= c52L) tubes,organpipes,lip reedgbrassnstruments)woodwind
echoedrom thesamesourcesignal. ! ! ! reeds humanvocalfolds,amongothersystems.
A multi-tap delayline with length M s; wherec is the speef sound.andwherehigherharmonics Con gurations of various reedmodels:
areintegermultiplesof thefundamental. v ,@H |
X(”)? %ij n R Wind instrument boresclosedat oneend (e.g clarinet): ” ‘

|
0 0
- - - ()
NE D Do 2+ ) - H@)ﬂ U
L=1/41 P1
| P2

Thedifferenceequations givenby

y(n) = bpx(n)+ bix(n M)+ bx(n M)+ bx(n My): _— | Sy é
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Model of a Chorus Effect Signal ProcessingJnit: _

How doesFDA comparewith digital waveguides?

R i Whenis it bestto useoneor theother?
0 Thefundamentafrequencys givenby
o—] L /o CLASS PREREQUISITES
g fi=c=1 cH4l); Experiencewith calculus, differential equations,Matlab

- y4 MS(n)

. . . and/orC/C++,andsomedigital signalprocessingvould be
. with every evenharmonicnow missing. hene cial
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