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First a Quick Demo! 
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Demo 
(youTube) 

DEMO:  
Modeled 

Guitar 
Features, 

Purple Haze 

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


Overview 

ÅA brief history of physically modeled musical 
instruments as well as some commercial 
products that have used this technology.   

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

ÅBrief overview of where the technology is 
heading. 

5/10/2014 3 



What is Physical Modeling Synthesis? 

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

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

ÅPhysical modeling is a collection of different 
techniques.  
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Why Musical Physical Models on 
handheld mobile devices? 

ÅHandheld mobile computing devices are now 
ubiquitous.    

ÅThese devices are powerful, connected and 
equipped with a variety of sensors.   

ÅPervasiveness of mobile/sensor rich 
computing devices has created an 
opportunity to revisit parametrically 
controlled, physically modeled, virtual musical 
instruments using handheld mobile devices.     
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Properties of Handheld Mobile 
Devices 

ÅUbiquitous 

ÅSmall 

ÅPowerful  

ÅMulti-touch screens 

ÅSensors: acceleration, compass, gyroscope, 
camera, gestures    

ÅConnected to networks 

ÅSocially connected  

ÅIntegrated payment systems 
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Why even model a guitar, don't 
samples sound great? 
Å Sampled guitars do sound 

great.  But they are not 
interactive, and they can have a 
flat repetitive playback 
experience.  

Å By modeling the guitar its 
possible to make interactive 
features like, feedback, 
harmonics, pick position, slides 
brightness, palm muting part of 
a performance. 

ÅmoForte has identified a list of 
around 70 guitar articulations 
that can be used by 
players.  The physicality of the 
model makes it possible for 
these articulations to be used in 
performances.   
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Currently implement Articulations 

Apagado 

Arpeggio strum 

Bend 

Bend by distressing the neck 

Burn or destroy guitar  

Feedback harmonics 

Finger picking 

Glissando 

Hard dive with the whammy bar 

Harmonic 

Muted strum 

Pinch harmonic 

Play harmonics with tip of finger and 
thumb 

Polyphonic bend 

Polyphonic slide, Polyphonic slide + 
open strings 

Scrape 

Slide 

Staccato 

Steinberger trans- trem 

Strum 

Surf apagado 

Surf quick slide up the neck 

Tap time 

Vibrato  

Walk bass 

Whammy bend 

Whammy spring restore 

Future Articulations 

Bottleneck (portamento Slide)  

Bowing 

Bridge/neck short strings 

ebowing 

Finger Style (Eddie Van Halen) 

Hammer, polyphonic hammer 

Individual String Pitch Bend 

Legato 

Pluck, sharp or soft pick 

Pop 

Prepared string (masking tape) 

Pull, polyphonic pull 

Rasqueado 

Reverb spring Bang. 

Scrape+ (ala Black Dog) 

Slap 

Strum and body tap 

Strum and string tap 

Touching Ungrounded Cable 

Trill 

Trill up the neck into echo 

Vibrato onset delay 

Volume pedal swell 

Volume pedal swell into delay device  



 
Brief (though not complete) History 

of Physical Modeling Synthesis 

As well as a few commercial products 
using the technology 
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The Voder (1937-39) - Homer Dudley 

ÅAnalog Electronic 
Speech Synthesis 
ÅAnalog model of 

the vocal tract 
ÅDevelop from 

research on voice 
compression at Bell 
Labs.  
ÅFeatured at the 

1939 Worlds fair  
ÅYouTube 
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http://youtu.be/mSdFu1xdoZk


Kelly-Lochbaum Vocal Tract Model (1961) 
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Daisy Bell (1961) 

ÅDaisy Bell (MP3) 

ÅVocal part by Kelly and Lochbaum (1961) 

ÅMusical accompaniment by Max Mathews 

ÅComputed on an IBM 704 

ÅBased on Russian speech-vowel data from 
DǳƴƴŀǊ CŀƴǘΩǎ ōƻƻƪ 

ÅProbably the first digital physical-modeling 
synthesis sound example by any method 

ÅInspired !ǊǘƘǳǊ /Φ /ƭŀǊƪŜ ǘƻ ŀŘŀǇǘ ƛǘ ŦƻǊ άнллмΥ ! 
Space Odysseyέ ǘƘŜ Iŀƭ флллΩǎ άfirst ǎƻƴƎέ 
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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


Karplus-Strong (KS) Algorithm (1983) 

5/10/2014 12 

Å5ƛǎŎƻǾŜǊŜŘ όмфтуύ ŀǎ άǎŜƭŦ-ƳƻŘƛŦȅƛƴƎ ǿŀǾŜǘŀōƭŜ ǎȅƴǘƘŜǎƛǎέ 
ÅWavetable is preferably initialized with random numbers 
ÅLicensed to Mattel 
ÅThe first musical use of the algorithm was in the work άMay 

All Your Children Be !ŎǊƻōŀǘǎέ written in 1981 by David A. 
Jaffe.  (MP3) 

http://www.moforte.com/wp-content/uploads/2013/04/maycba8.mp3


EKS Algorithm (Jaffe-Smith 1983) 
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ÅaǳǎƛŎŀƭ 9ȄŀƳǇƭŜ ά{ƛƭƛŎƻƴ ±ŀƭƭŜȅ .ǊŜŀƪŘƻǿƴέ όWŀŦŦŜ мффнύ  (MP3)  

ÅMusical Example BWV-1041 (used to intro the NeXT machine 1988) (MP3)  

http://www.moforte.com/wp-content/uploads/2013/04/SVB.mp3
https://ccrma.stanford.edu/~jos/mp3/bachfugue.mp3


Digital Waveguide Models (Smith 1985) 

ÅUseful for efficient models of 
ïStrings 
ïBores 
ïplane waves 
ïconical waves 
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Sheila Vocal Track Modeling (Cook 1990)   
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tŜǊǊȅ /ƻƻƪΩǎ SPASM "Singing 
Physical Articulatory Synthesis 
aƻŘŜƭέ 

ÅDiphones: (MP3) 

ÅNasals: (MP3) 

ÅScales: (MP3) 

Åά{ƘŜƛƭŀέΥ (MP3) 

 

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


Commuted Synthesis (Smith) (1994)  
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Commuted Synthesis Examples 
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ÅElectric guitar, different pickups and bodies (Sondius)  
(MP3)  

ÅMandolin (STK) (MP3) 

ÅClassical Guitar (Mikael Laurson, Cumhur Erkut, and 
Vesa Välimäki) (MP3)  

ÅBass (Sondius) (MP3)  

ÅUpright Bass (Sondius) (MP3)  

ÅCello (Sondius) (MP3) 

ÅPiano (Sondius) (MP3)  

ÅHarpsichord (Sondius) (MP3)  

 

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


Yamaha VL Line (1994)  

Å̧ ŀƳŀƘŀ [ƛŎŜƴǎŜŘ ά5ƛƎƛǘŀƭ ²ŀǾŜƎǳƛŘŜ 
{ȅƴǘƘŜǎƛǎέ ŦƻǊ ǳǎŜ ƛƴ ƛǘǎ ǇǊƻŘǳŎǘǎ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 
VL line (VL-1, VL-1m, VL-70m, EX-5, EX-7, chip 
sets, sound cards, soft-synth drivers) 

ÅShakuhachi: (MP3) 

ÅOboe and Bassoon: (MP3) 

ÅTenor Saxophone: (MP3) 

 

5/10/2014 18 

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


Korg SynthKit Line (1994)  
ÅSynthKit (1994) 
 
ÅProphecy (1995) 
  
ÅTrinity (1995) 
 
ÅOASYS PCI (1999)  
 
ÅOASYS  (2005)  
 
ÅKronos (2011) 
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ά¢ƘŜ bŜȄǘ .ƛƎ ¢ƘƛƴƎέ όмффпύ 
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The Next Big Thing 2/94 The History of PM 9/94 



Stanford Sondius Project (1994-1997) 

ÅStanford OTL/CCRMA created the Sondius project 
to assist with commercializing physical modeling 
technologies. 
ÅThe result was a modeling tool known as 

SynthBuilder, and a set of models covering about 
two thirds of the General MIDI set.  
ÅMany modeling techniques were used including 

EKS, Waveguide, Commuted Synthesis, Coupled 
Mode Synthesis, Virtual Analog. 
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SynthBuilder (Porcaro, et al) (1995) 

Å SynthBuilder  was  a user-
extensible, object-oriented, 
NEXTSTEP Music Kit 
application for interactive 
real-time design and 
performance of synthesizer 
patches, especially physical 
models.  

Å Patches were represented 
by networks consisting of 
digital signal processing 
elements called unit 
generators and MIDI event 
elements called note filters 
and note generators. 
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The Frankenstein Box (1996) 
ÅThe Frankenstein box was 

an 8 DSP 56k compute 
farm build by Bill Putnam 
and Tim Stilson 

ÅThere was also a single 
card version know as the 
ά/ƻŎƪǘŀƛƭ CǊŀƴƪέ 

ÅUsed for running models 
developed with 
SynthBuilder 

ÅThe distortion guitar ran 
on 6 DSPs with an 
additional 2 DSPs used for 
outboard effects.  
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http://scandalis.com/Jarrah/Images/Frankenstein.gif
http://scandalis.com/Jarrah/Images/P5_NeXT_Frankenstein.gif

