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Broad goal
● establish a practice of computational 

musicology for contemporary live electronic 
music
– where analysis of a piece is based in large part on 

recordings of performances
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Why?
● Scores do not provide a complete picture

– not traditional 
– have electronic components that are difficult to penetrate
– varies with performances
– may not be possible to reproduce without composer and/or specific 

performers
● raises archival issues

– the scientific readings tell us something about the goals of the 
composer/performer
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Process
● Record instances of subject composition
● Through a variety of computational techniques

– decompose the performance into musically relevant 
entities

– interpret those entities
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Recording
● Use mh Accoustics 

Eigenmike
● 32 microphone 

element
● 4th order ambisonics
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Subject matter
● Keith Hamel's Touch for piano 

and interactive electronics 
(2012)
– spectralism
– juxtaposes

● piano
● recordings of bells
● electronically altered variations of 

both

– 8-speaker planar surround



Department of 
Computer Science

Spectralism
“Nous sommes des musiciens et notre modèle est le son et non la 
littérature, le son et non les mathématiques, le son et non le théâtre, les arts 
plastiques, la physique des quanta, la géologie, l’astrologie, ou 
l’acupuncture.” 

- Gérard Grisey, (1979), full citation at end

“We are musicians, our model is sound and not literature, sound and not 
mathematics, sound and not theatre, the plastic arts, quantum physics, 
geology, astrology or acupuncture.”

- translation by Sallis (2018) full citation at end
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Touch scaffolding
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Touch scaffolding (cont’d)
● 8 bells total provide 

scaffolding
● 2 bells used in 1st 40 

measures
– T Bell-C60
– tBellResAb

● 214 bell samples in 
electronic source
– cBell
– tBell
– brassBellDry
– glock
– tBellRes
– grain
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Start with the bells
● Want to find musical 

objects within the 
performance

● The bells are an 
obvious option

● Require access to 
source samples

● early
– looked for specific bells in 

specific passages

● end point
– built catalog of all occurrences

● all bells
● all times
● all performances (2 + 2)
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Find bells
● From ambisonic recording

– compute audio for 100 virtual 
microphones around sphere

● Compute quality of match 
between each bell and each 
virtual mic signal
– use first 0.5s of bell
– RMS strength of normalized 

correlation over 10ms

● Detect peaks in the match
– local maxima that exceed 

minimum match threshold

● Save bell detections (peaks) in 
csv file

● for 4 recordings it took 
approximately 1 month of 
computation on a reasonably 
fast laptop
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Matching
● Process in 5s chunks

– keeps within limits of 
computer’s main 
memory

– proper attention to 
boundaries
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csv file



Department of 
Computer Science

Basic statistics
● 11,973 bell events 

over 4 recordings
● approximately 3000 

bell events per 
recording

● 187 bells
– 214 bell samples less 

27 duplicates
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The surprise
● many more bell events detected than we know 

are produced by the electronics
– by a factor of 10 or more
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The first 40
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Ground truth

hallucinations?
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Play audio
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The harmonizers
● Hamel uses digital 

harmonizers
– piano/mic notes modified
– triggered by electronics

● presets in the electronic 
staves

– modified piano heard in 
surround

● From Hamel
– schedule for adjusting 

harmonizers
step shift(cents) shift(cents)

1 0 0

2 -9 11

3 -39 34

4 -53 76

5 -150 118

not like 
a bell

like a 
bell
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Hallucinated bells
● piano pitches

– carefully harmonized in real time
– bring them closer to the bell samples
– a harmonizer crescendo over 40 measures
– spatial moved from the stage to the surround
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Final words

By disseminating these sounds in the concert 
space, the composer invites the audience to 
gradually enter his hallucinogenic belfry, 
where the musical work takes place.
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