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Objectives

Musical tension is well-understood for pitch, but
not for other parameters such as timbre. To bet-
ter understand how timbre relates to dissonance, I
built a Matlab calculator for potentially relevant
quantitative timbre attributes and compare the
resultant values to a preexisting musical analysis
of a twentieth-century piece.

Introduction

In much modern classical music, timbre is of equal
importance to pitch, but it is not as well-understood
in terms of form and tension. Music perception re-
searchers often describe timbre using both statistical
properties of the spectrum, such as spectral centroid,
spectral spread, and spectral flatness, as well as by
extracting peaks and treating the resulting frequen-
cies as a chord, such as in roughness and inharmonic-
ity.
Higher values of all five of those attributes are at
least sometimes associated with higher musical ten-
sion, both in perception-oriented [1, 2, 3] and more
speculative [4, 5, 6] literature.
Figure 1 shows the Matlab interface I constructed to
the calculator for these timbre attributes. The upper
two plots contain a waveform display and spectro-
gram; the lower plot contains the timbre attributes
chosen by the user according to the checkboxes at
top right.

Figure 1:Matlab interface

Statistical Attributes

Spectral Centroid, Spread (Standard Deviation),
and Flatness, are all calculated directly from the
spectrum of each frame. Formulae are from [7, 1, 8,
9].
Spectral centroid corresponds to “brightness”
through mean frequency:
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Sprectral spread is the corresponding standard de-
viation:
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Spectral flatness measures similarity to white noise:
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Peak-Based Attributes

Timbre and inharmonicity are more difficult to di-
rectly calculate as they require peak extraction, but
are more frequently associated with traditional no-
tions of consonance and dissonance [10]. These for-
mulae are from [1, 9, 7, 5, 6, 11].
Inharmonicity measures the distance of peaks from
the harmonic series above an extracted fundamental:

I = 2
f0

∑N
n=1 |fn − nf0|a2

n∑N
n=1 a

2
n

Roughness of a sound is the sum of the “roughness”
between any pair of peaks, which is dependent on
their spacing in critical bandwidths:

ρ =
n∑
j=0

n−1∑
k=1

ajakg(fcb)
a2
j

fcb = fi − fj
1.72(fi+fj2 )0.65

g(fcb) = (4efcbe−4fcb)2

Methods

Based on my own music-analytical research, cer-
tain sounds in Sofia Gubaidulina’s Meditation on
a Bach Chorale were identified as consonant and
dissonant. I created 1-minute audio files consisting
of a series of consonant sounds, a pause, and a series
of dissonant sounds, all drawn from a given record-
ing. I used three different recordings of the piece.
These audio files were put into a Matlab calculator
for the timbre metrics just described.

Results

As shown in Figure 2, in which consonant sounds
are on the left and dissonant sounds on the right,
musical tension often correlates with higher spectral
centroid and spectral flatness, and sometimes with
higher spectral spread. However, inharmonicity and
roughness were too highly variable to be descrip-
tively useful.

Figure 2:Positive results

Result

Musically dissonant timbres generally had higher
spectral flatness and spectral centroid (in
Gubaidulina’s Meditation specifically). Other
timbre attributes were less consistently useful.
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