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1 Obijectives

The objective of soundsynthesiss to createsoundshatare
e Musicallyinteresting
e Preferablyrealistic(sounddik e someinstrument)
e Producedn realtime
A taxonomyof digital soundsynthesis
1. Abstractalgorithms
2. Processedecordinggsampling)
3. Spectraimodels

4. Physicalmodels

2 Abstract algorithms

Typical featuresof abstracialgorithmsarethe simplicity andeaseof implementation.
Thesoundis moreor lessartificial comparedo moresophisticatednethods.

2.1 FrequencyModulation (FM) (‘70s)
Early digital synthesizerandsoundcardsynthesizechipsarebasedon FM.?

¢ Very simple, easyto implement,only couple of voltage controlledoscillators
(VCOs)

e Time-variantstructurdik e in naturalsoundsfastvibrato
o Bell-like andmetallictimbres
e Harmonicsoundwhenintegerratio betweercarrierandmodulator

¢ Feedbaclsystemsaddstability to frequeny behaviour

1Which maynot be alwaysa dravback...
2Take alook at http://www.obsolete.com/120_years/
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Figurel: Left: simpleFM synthesisright: one-oscillatofeedbacksystem(yep1) and
two-oscillatorfeedbacksystem(ygp1)
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Figure2: Frequeng-domainpresentatiorof FM synthesis.
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Figure3: Spectraf (topto down) one-oscillatofeedbackiwo-oscillatorfeedbackand
simpleFM with differentmodulationindicesandfeedbaclgains.

2.2

3

WaveshapingSynthesis(Nonlinear Distortion) (late ‘60s)
Nonlinearshapingfiunctionappliedto the input (excitation) signal
Mostfundamentatase:excitationsignalsinusoidal

By usingalinearcombinatiorof Chebyshe polynomialstheratiosof harmonics
canbe controlled =- canbe madeto corresponcharmonicstructureof a real
instrument

Post-processinganbe applied,e.g.amplitudemodulation(AM)

Exitationsignalcanbe somethingelsethansinusoid

Kar plus-Strong algorithm (‘83)
Very simpleandcomputationallyeffective algorithm
A shortsoundbuffer, initialized with arandomdata

Loopingof the buffer, which s filteredwith a simplelow-pasdfilter® afterevery
read

Pluckedstringtonesor percussiorniones

Canbeimplementedusingonly shift andaddoperations

Processedecordings(sampling)

Manipulationof recordedsoundsdatesbackto 1920s. The memoryrequirement$ias
beena problemwith digital samplingsynthesis. The ideais in recordingrelatively
shortsamplef soundswhich arethenplayedback.
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Figure4: Karplus-Strongalgorithm.(c) Simplefiltering operationresultsin a plucked
stringtone. (d) Flip signof every filtered bit with certainprobability, producesound
resemblingpercussionone.

3.1 Digital Wavetable Synthesis

Looping Typical partsof instrumentsound:attack,steadystate release

o Waveform of steady-statsoundof mostof the instrumentsapprox. peri-
odical = shortsampleof the steadystatelooped

e Looppointsdeterminediengthof theloopedsampleshouldcorrespondo
fundamentafrequeny

Pitch shifting every 3th or 4th semitonestored,pitch shifting appliedto nearesto
obtaintherest

Data reduction Losslessor lossy compression. Alteration of samplingfrequeng,
guantizatiorstepor moresophisticateanethod.

3.2 Multiple Wavetable Synthesis
More thanonewavetable or sampleplayedat once.

Wavetable Cross-Fading Several sectionsof tone stored, samplesare cross-aded
from oneto anothemultiplying with amplitudeervelope.

Wavetable Stacking Several (arbitrary) soundsignalsmultiplied with amplitudeen-
velopeandsummedogether—> syntheticsoundsignal.Problem:Find single
wavetableqspectrapndamplitudeenvelopeso producenaturalsound.

3.3 Granular Synthesis(‘40s)

Ideais representingoundsignalswith ‘soundatoms’or ‘grains’. Waveform shapeof
grainsandtheir temporaldistribution determinethe type of sound.



3.3.1 Asynchronous(AGS) (‘90s)

Scatteisoundgrainsin a statisticaimanneiveraregionin time-frequeng plane
Region calleda ‘soundcloud’

SeveralparametersStarttime, duration,bandwidthof clouds;duration,density
amplitudeervelope waveformsandspatialdistribution of grains

Effective in generatingnen soundevents,simulationsof existing instruments
hard

3.3.2 Pitch Synchronous(PSGS)(‘90s)

Betterperformancen simulationof realisticsounds
Periodicitycorrespondingo fundamentafrequeny
AnalysisgrainsusingSTFT or LPC analysis—> impulseresponsestimation
ResynthesisisingparallelFIRs drivenwith train of impulses

Transformationshataddvariationto the producedsignal

All methodghatuseoverlap-addechniquecanbeviewedasgranularsynthesis.

4 SpectralModels

The ideais that the propertiesof soundthat are perceved are stored(time-varying
spectra).

4.1

Additi ve Synthesis

Summingsinusoidaicomponentsf different(phase, pmplitudeandfrequengy
. [2m
V() = 3 Ao sin | ()

The controlfunctionsof singlesinusoidgAx(n), F(n)) areslowly-varying

Drawback: Largeamountof data(controlfunctionparametersandlargenumber
of oscillators

Datareductiorthatpreseresintuitively appealinglataandoriginalsound(e.g.line
segmentapproximatiorof controlparameters)



4.2

4.3

PhaseVocoder

Canbeviewedasbankof filters or STFT analyzer
ResynthesisE T~ andoverlap-add
Time-scalingandpitch transpositioreasily:

— Time-scalingaccomplishedby modifying the hopsize(thetime difference
of consecutie synthesizedrames)

— Pitch modificationby modifying time scale,and then changingthe sam-
pling rateof thesignal

Works well for harmonic,slowly varying tones,blurs transienttype of sounds
(thetime resolutionof the STFT-analysis)

Source-Filter Synthesis
Exitationsignalfiltered with time-varyingfilter

Titled also as subtractve synthesis:input signalwith harmonicrich spectrum
filtered

Not very robustrepresentatioof realisticsounds

Usedin analogsynthesizerssomeexitation waveformgeneratorandfilters

McAulay-Quatieri (MQ) (‘86)
Original signaldecomposetb a setof sinusoids{ A, «d, y} }
Trajectoriesfor all components

Analysis: STFT, peakdetectionsinusoidatrajectorydetectiorandnoisethresh-
olding

SynthesisTrajectoryinterpolation,additive synthesis

Spectral Modeling Synthesis(SMS) (late ‘80s)
Sinusoidaknalysiswith MQ = deterministigoartof thesignal
Residuak.es(n) = x(n) — Xsin(n) modeledasnoise(stochasticomponent)
Duration(tempo)andfrequengy (key) modificationeasily

Transientsoundsa problem



4.6 Transient Modeling Synthesis(TMS) (‘97)
e Extensionof SMS

e Theresidualpartof SMS presentedistransientsandnoise,Xres(n) = Xira(N) +
Xnoi(n)

e The'noise’ partis thenonly the steadynoisy components

e Time + frequeny domainduality: impulsive signalsin time domain+< sinu-
soidalin frequeny domain

¢ DCT produceseal-valuedsinusoidwhenthetime domainsignalis animpulse
e Transientdetectecand parametrizedresynthesized—- steadynoisy compo-
nentsleft
4.7 FFT~! Synthesis(‘92)
e Canbeviewedasadditive synthesisn frequeng domain
¢ All thesignalcomponentaddedtogetherasspectralkenvelopes
e Synthesizedisingoverlap-addf consecutie frames

e Comple soundgossible

4.8 Formant Synthesis
e Formantis aconcentratiorof enegy in enegy/power spectrunmernvelope
e Originally in speechprocessing

e Usedin speectsynthesigandsinging)

5 ExerciseWork

1. Implementthe simple FM synthesis. Searchsuitablevaluesfor f; and fy, in
orderto malke the signalsoundfunny. Testwith differentvaluesof modulation
index 1.

2. Implementthe Karplus-Strongalgorithm. Find suitablebuffer size,andtry to
createboth pluckedstringandpercussiontype of sounds

You canfind themoredetaileddescriptionof the methodse.g.in pagesi—100f [1].
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