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Double Pendulum Chaotic System
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The double pendulum system has two periodic degrees of freedom, the angles of each mass 8, and 6,, and angular
velocities for each mass, yielding the system of differential equations, which is chaotic for most masses m;, rod
lengths #;, and initial conditions!3!:
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Highlights

 We utilize a chaotic mapping onto a set of
symbols to generate chord progressions

* Symbol arrangement is determined by the
Tonnetz, where pitches are vertices of a
doubly-periodic simplex meshl4]

* Double-pendulum trajectory is mapped
onto the Tonnetz, where the sequence of
triangles visited determines chord
progression

* Progressions are evaluated according to
metricsl? which correlate with positive
listening experiences

The Tonnetz
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Three periodic axes: modulo 3 (minor third)
third), and 7 (perfect fifth), image from [5]
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Pitch classes of a chaotic trajectory projected onto the Tonnetz.
Chord at gold dot on trajectory is (0, 4, 7), that is, C-E-G or C-major.
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Tonnetz-Inspired Chaotic Mapping
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Mapping Trajectories to the Tonnetz

O

Since our representation has repeated notes, we
use the periodic DoFs modulo 127 and 16w
rescaled to the unit interval, then interpolated
onto the x and y axes of the Tonnetz:

6. mod 127
S 127
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Mapping Points on the Tonnetz to Chords

Each point on the projected trajectory is
mapped to a chord according to the vertices of
its enclosing triangle on the Tonnetz.

Analysis via Tonal Interval Space [ =

Tonal Interval Vector!'l (TIV) of a chord is the weighted

Fourier transform of its chroma vector ¢ € Z3*,
11
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where,
o wy are weights based on music theory

o ¢, =1 1if nisin the pc-set

o ¢ =Y+l c, is the energy of the chroma vector

Perceptual Distance

Euclidian distance between TIVs

of chords!?l:
dp(Tl;TZ) = [T, — T,ll;

Key Unrelatedness
Cosine distance between TIV of
a chord and a key!?l:

d; (T, Tkey) = COS~

Average over 3 chord sub-progressions

Visualization of correspondence
between TIV entries and musical

intervals, used from [1]

 R(T - Tiey)
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Average over 4 chord sub-progressions
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Sub-progression position in progression

Voice Leading Distance
Measures how parsimonious two
successive chords are, chords
with fewer notes in common
have higher distancesl?l.

Pitch Class Sets
Vertices of enclosing
triangle of Tonnetz, used
for analysis

Chord Progressions

Octave

Three octaves, arranged to
minimize voice leading
distance, used for playback

Duration
Amount of time in triangle,
rounded to nearest 16t
note, used for playback

Fm Ct C#m A/CH Atm/ct Bb/p D Bm/p Cb/gp Ebm Cm C Em
=
@54 fgo—g @ & : ni—tﬁ i$— .
3 3—35 & o o 4o g3 Listen Here!
, G GimAb/CF/ANCACEFIMCIFYCip,y B, EhCmC EmE ABWE*’BWDC"/EBE[’I’EEme
st ttlis o E OR=l0
. 4 N -] -

J LT <& & & i L A S L; & ’g&* 1 -
4 Sr\Am/C A/cy  Fém/cy F4/c4 Bb/D Gm/p G/D AbnvE} -
#h . - o i ) z " \/; u L
o & $ #$ & i—q—; : ? 4-5 E-ﬁE;
5 CI’/EI’ﬁEbm Bb o C Em £ Fm P Am A Ctm Ot Bim B hD .

p T ' B e e B —
by SEEes ==
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Conclusions & Next Steps

We present a method for generating novel chord progressions without the use of preexisting works employing a musically-inspired chaotic mapping. While the variety of chords is limited to only major and minor triads in the current work,
extensions to the Tonnetz permit for the addition of four-note chords, greatly improving chord varietyl4l. Additional extensions include the generation of melodies with strong voice leading via of the geometric dual to the Tonnetz, a grid of
hexagons wherein each represents a single notel4l. Our work also indicts the efficacy of “objective” metrics of musical quality, as our high performance under the tested metrics does not necessarily correspond to pleasant listening experiences.
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