at éanalls (CTO, acti mﬁﬁ@moforté com

" Dr. Julius O. Smith (FFQundlng Consultant)

Nick Porcaro (Chief Scientist)
mokForte Inc

Y 2 C2 NIi Seelihizal Oeek
5/10/2014

5/10/2014 mgfgr@g 1


mailto:gps@moforte.com

Demo
(youTube)

DEMO:
Modeled
Guitar
Features, : 2 ‘
Purple Haze [ Flanger

mogyortce

AL

Perform Controls More
//
o A {



http://youtu.be/PweowN2PGkc
http://youtu.be/PweowN2PGkc
http://youtu.be/PweowN2PGkc

Overview

A A brief historyof physically modeled musical
Instrumentsas well as some commercial
products that have used this technology.

A Demonstration what is currently possible on
handheld mobile devices using the moForte
Guitar.

A Brief overview of where the technology is
heading.



What is Physical Modeling Synthesis?

A Methods in which a sound is generated using
a mathematical model of the physical source
of sound.

A Any gestures that are used to interact with a
real physical system can be mapped to
parameters yielded an interactive an
expressive performance experience.

A Physical modeling is a collection of different
techniques.



Why Musical Physical Models on
handheld mobile devices?

A Handheld mobile computing devices are now
ubiquitous.

A Thesedevices are powerful, connected and
equipped with a variety of sensors.

A Pervasiveness of mobile/sensor rich
computing devices hageated an
opportunity to revisit parametrically
controlled, physically modeled, virtual musical
Instrumentsusing handheld mobile devices.

L



Properties of Handheld Mobile
Devices

A Ubiquitous

A Small

A Powerful

A Multi-touch screens

A Sensors: acceleration, compass, gyroscope,
camera, gestures

A Connected to networks
A Socially connected
A Integrated payment systems
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A Featured at the
1939 Worlds fair

A YouTube
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http://youtu.be/mSdFu1xdoZk
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Daisy Bell (1961)

A Daisy Bel(MP3

A Vocalpart by Kelly and Lochbaum (1961

A Musicalaccompaniment by Makathews

A Computedon an IBM 704

A Basedon Russian speeelowel data from
Ddzyy I NJ ClI yuQa o022]

A Probablythe first digital physicamodeling
synthesissound examplédy any method

A Inspired! NU KdzNJ / & [/ fFNJ S G2 |
Space Odyssey U KS | fréta 2pyida a1 Qa «

=" a
JR |
‘/


http://ccrma.stanford.edu/~jos/mp3/daisy-klm.mp3
http://ccrma.stanford.edu/~jos/mp3/daisy-klm.mp3
http://www.moforte.com/wp-content/uploads/2013/04/HAL9000.mp3
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nsed to Mattel NS RREER et | L LY i
A The first musical use of the algorithm Was In the wavlay
All Your Children Be O NP2 avkitt@réiré 1981 byDavid A.

Jaffe. (MP3)
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http://www.moforte.com/wp-content/uploads/2013/04/maycba8.mp3

1 —
P _ pick-direction lowpass filter

— o NFLZE = pick-position comb filter, 4 € (0. 1)

string-damping filter (one/two poles/zeros typical)

string-stiffness allpass filter (several poles and zeros) ‘é ll
[}

N)y—z1 Ly |
) = first-order string-tuning allpass filte ’ MR
1 —np(N)z—1 i I ’I: Ing

) I
l || y
1 —1 '
—])’L = d} namic-level lowpass filter MR
1 — H,L =

(' J ‘l , ,!ﬂ’\ L g 1 !1?’ ‘ ‘1, | ‘1
aMI L $E1 YH,_Jf s’ {)\f Aézm ff8e

A Musical ‘Exarriple BW1041 (used 0 intro the NeXT machine 19688P3)
5/10/2014 mgﬁ)rte 13
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http://www.moforte.com/wp-content/uploads/2013/04/SVB.mp3
https://ccrma.stanford.edu/~jos/mp3/bachfugue.mp3
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Vocal Tract Editor

’, Glot. Refl. Gain

—‘ ’7 Lip Refl. Gain

Vocal Tract Shape

D Masal
Cavity

ADlpho es(MPB) ? |
A Nasals(MP3)

A Scales(MP3

Aa { KSEPI



https://ccrma.stanford.edu/~jos/mp3/diphs.mp3
https://ccrma.stanford.edu/~jos/mp3/diphs.mp3
https://ccrma.stanford.edu/~jos/mp3/nasals.mp3
https://ccrma.stanford.edu/~jos/mp3/nasals.mp3
https://ccrma.stanford.edu/~jos/mp3/vocaliz.mp3
https://ccrma.stanford.edu/~jos/mp3/vocaliz.mp3
https://ccrma.stanford.edu/~jos/mp3/vocaliz.mp3
https://ccrma.stanford.edu/~jos/mp3/shiela.mp3
https://ccrma.stanford.edu/~jos/mp3/shiela.mp3
https://ccrma.stanford.edu/~jos/mp3/shiela.mp3
https://ccrma.stanford.edu/~jos/mp3/shiela.mp3

y(t)
Trigger —= Excitation String Resonator |—— Output

Schematic diagram of a stringed musical instrument.

Trigger —>= Excitation Resonator String | ——= Output

Equivalent diagram in the linear, time-invariant case.

a(t) x(t)
Tioger—{ oo | 9 [ oup

il
Ao -'
| ,.','“ 1 1 Use of an aggregate excitation given by the convolution of original ] t

. excitation with the resonator impulse response.

| ‘
|| 5/10/2014 mgforte 16



Commuted Synthesis Examples

A Electric guitar, different pickups and bodies (Sondius;

(MP3)
A Mandolin (STKQMP3)

A ClassicaGuitar (Mikael Laurson, Cumhur Erkut, and
Vesavalimaki)(MP3)

A Bass (SondiugMP3)

A Upright Bass (Sondiug)IP3)
A Cello (SondiugMP3)

A Piano(SondiusYMP3)

A Harpsichord (Sondiuﬁ%)


http://scandalis.com/Jarrah/Audio/GuitarPickUps.mp3
https://ccrma.stanford.edu/~jos/mp3/mandolin2.mp3
https://ccrma.stanford.edu/~jos/mp3/Prelude.mp3
https://ccrma.stanford.edu/~jos/mp3/bass.mp3
http://www.moforte.com/wp-content/uploads/2013/04/Bass.mp3
https://ccrma.stanford.edu/~jos/mp3/cello.mp3
http://www.moforte.com/wp-content/uploads/2013/04/SondiusPiano.mp3
http://www.moforte.com/wp-content/uploads/2013/04/SondiusPiano.mp3
http://scandalis.com/Jarrah/Audio/Harpsichord.mp3
http://scandalis.com/Jarrah/Audio/Harpsichord.mp3

._'|;~|' u & i lv(t fl‘ ‘ } i 4l i
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{ | i ..I h.’ '“ iﬁ 1“ J.ﬂ |m &I Il |‘ :“:.@ M\‘.Uu v‘ l I‘. ‘|'t'" I
', ' [ ,»‘ | . M l ”|‘||'1;' Dillg 1 b Ll
A: Hét uha A H||v|F>3 -
A O boean d BassoonM P3 &7

A TenorSaxophone(MP3)

\
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https://ccrma.stanford.edu/~jos/mp3/shakuhachi.mp3
https://ccrma.stanford.edu/~jos/mp3/shakuhachi.mp3
https://ccrma.stanford.edu/~jos/mp3/oboe-bassoon.mp3
https://ccrma.stanford.edu/~jos/mp3/oboe-bassoon.mp3
https://ccrma.stanford.edu/~jos/mp3/tenor-sax.mp3
https://ccrma.stanford.edu/~jos/mp3/tenor-sax.mp3

A OASYS PCI (1999)

A OASY$2005)

A Kronos (2011)

5/10/2014 mo’grte 19
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Stanford Sondius Project (1994997)
SHITIE

A Stanford OTL/CCRMA created the Sondius projec
to assist with commercializing physicabdeling
technologies.

A The result was a modeling tool known as
SynthBuilder, and a set of models covering about
two thirds of the General MIDI set.

A Many modeling techniques were used including
EKS, Waveguide, Commuted Synthesis, Couplec
Mode Synthesis, Virtual Analog.



=]} SynthBuilder Elements X

rs ]
Allpass Filter

e | Biquad Filter
DC Blocking Fi
3-Tap FIR Filtel
Couplec-Mode

=
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.
| Jul (subpatch) [3 of 3] 5 — 1

MIDI1 el fewe
Play Mote
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Patches were represented
by networks consisting of
digital signal processing
elements called unit
generators and MIDI event
elements called notélters
andnote generators.
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A Used for running models
developed with
SynthBuilder

A The distortion guitar ran
on 6 DSPs with an
additional 2 DSPs used for

outboard effects.
mgf@rlse



http://scandalis.com/Jarrah/Images/Frankenstein.gif
http://scandalis.com/Jarrah/Images/P5_NeXT_Frankenstein.gif

