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Ssynth: a Real Time Additive Synthesizer With Flexible Control Context of the Ssynth project



Context of the Ssynth project What? Ssynth: real time additive synthesizer synthesis from the control viewpoint (design & implementation) application: conception of new musical instruments further development of Escher [Wanderley, Schnell &Rovan, 1998] How? implements advanced and flexible control functionalities provides interpolation and extrapolation of musical playing of digital instruments generates high quality sounds (instrumental sound database), with a coherent control May 25-27, 2006 — McGill University



Ssynth: a Real Time Additive Synthesizer With Flexible Control Structure



Structure



Modularity in design of digital musical instruments [Wanderley, 2001] Ssynth composed of two parts: 1 2



Pd patches: different mapping strategies and layers additive synthesizer: 1-order or 3-order phase polynomial models [McAulay & Quatieri, 1986]



scalar, vectorized and recursive formulations written in C: stand alone program or Pd object Pd scheduler to have output audio
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies



Mapping strategy Modularity: decoupling gestural control / synthesizer [Wanderley, 2001] 78



Chapter 6 : ESCHER - An Application Example WX7
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies



Mapping strategy 2 mapping layers (parameter conversion):



higher-level parameters −→ synthesis parameters (partial amplitudes and frequencies)



=⇒ nb of synthesis parameters &
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer 1



Mapping strategy (layer 1) gesture data −→ higher-level parameters (fundamental frequency, intensity, and dynamics) [Wanderley, 2001]: 88 Chapter 6 : ESCHER - An Application Example WX7 breath
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Figure 6.13: A possible pedagogical use of mapping strategies.
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (morphing)



Mapping strategy (layer 2) additive frames organized as a 3-dimensional mesh: pitch (7 values) dynamics (3 values; related to loudness and brightness) instrument: clarinet, oboe, saxophone & trumpet



sound synthesis: trajectories in this 3D mesh!
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (morphing)



Morphing strategies 2 standpoint for the morphing: additive: controlling (ai , fi ) of each partial mixed: controlling fi (additive) separately from ai via S (substractive) |X[m,k]| / dB →
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (morphing)



More morphing strategies Morphing between N tones: sustain: interpolator within 1 instrument: pitch-shifting and weighting of additive frames with 6= f0 and d morpher between several instruments: weighting of interpolated frames (from several instruments)



attack and release: time-warping additive data (improve timbre quality) [Tellman, Haken & Holloway, 1995]
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residual noise [Serra & Smith, 1990]: filtering a white noise with morphed residual envelope (not yet provided)
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (spectral envelope)



Control of the spectral envelope spectral envelope = function of frequency simplifies the control of partials amplitudes (useful to morph sounds) properties: envelope fit, smoothness (tuned depending on the application) [Schwarz & Rodet, 1999] various models [Noll, 1964; Oppenheim & Schafer, 1975; Galas & Rodet, 1990]



some models more suited to provide a stable spectral envelope for a given gestural control =⇒ convert a spectral envelope models: formants, cepstrum, LPC class (auto-regressive filter, correlation function and reflection coefficients) [Oppenheim & Schafer, 1975; Kay, 1988; Schwarz & Rodet, 1999] May 25-27, 2006 — McGill University



Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (spectral envelope)



Control of the spectral envelope
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Figure: Conversions between spectral envelope models, from [Verfaille et al., 2006]



May 25-27, 2006 — McGill University



Ssynth: a Real Time Additive Synthesizer With Flexible Control Mapping strategies: layer2 (spectral envelope)



Other control aspects



About signal sampling rates: input (control): internal control rate: 100 Hz can be changed (database has to be resampled)



output: audio: Fs = 44100 Hz stand-alone version: Ssynth could generate various output signals with 6= Fs (haptics)
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Sound database



Sound database The sound database contains: additive analysis & fundamental frequency estimation performed using Additive spectral envelope models of the partials clarinet & oboe as in Escher, + saxophone & trumpet sounds taken from Studio-on-Line (Ircam) but not yet: more instruments using McGill Master Samples [Opolko & Wapnick, 1987]



spectral envelope models of the residual noise Add a ‘haptic signals’ database, or generate from ‘physical models’? May 25-27, 2006 — McGill University



Ssynth: a Real Time Additive Synthesizer With Flexible Control Comparing Ssynth with other systems



Comparing Ssynth with other systems



Other systems with sound database interpolation/morphing: Escher: controlled using MIDI, performed additive synthesis through FFT−1 algorithm [Rodet & Depalle, 1992] Loris: enhanced bandwidth synthesis, real time morphing, eg. controlled by the continuum fingerboard using MIDI [Fitz et al., 2003]



Diphone: articulation based on morphing , no real time control [Depalle et al., 1993]
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Comparing Ssynth with Escher



Comparing Ssynth with Escher criteria model interpolation extrapolation instruments directivity polyphony mapping messages



Escher FFT −1



Ssynth temporal (3-order phase poly.) pitch, loudness, dynamic, instrument √ — clar., oboe clar., oboe, sax., trumpet √ (soon) √ — in jMax in Pd MIDI OSC



Table: Comparison between Ssynth and Escher.
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Comparing Ssynth with Escher



Comparing Ssynth with Escher



Summary: Ssynth benefits from better sound synthesis quality with real time synthesis (3-order phase model) control messages with OSC protocol instead of MIDI bigger sound database (to grow up) refined morphing strategies (both interpolation & extrapolation)
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Ssynth: a Real Time Additive Synthesizer With Flexible Control Conclusions



Conclusions



Ssynth is a system developed for interpolating and extrapolating digital musical instruments. It: is based on: modular mapping (2 layers) additive/substractive control for morphing additive synthesis



allows for interpolating & extrapolating the database can synthesize polyphonic sound handles OSC control messages
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