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Abstract

We are looking for the shape of music, to make that invisible art visible—even palpable. Vector Sequence Model

(VSM) is a procedure that maps musical MIDI data into virtual sculptural form. Its analytical strength is based on

the tonality detection of music. For the purpose, we have developed a three-dimensional version of the traditional

key circle of fifths, major-minor key ball. With VSM, musical time is associated with vectors and their movements

in three-dimensional space.

Overview

The representation of data using sound is called data sonification. With sonification, non-musical data of

whatever type are converted into musical data. Similarly, several models have been proposed for mapping

musical data onto architectural and sculptural data. The most important motives have been artistic and

experimental interests (see, for example, [1]).

The basic difference between music and sculpture has to do with time. In order to solve the mapping

problem with respect to these two art forms, we must first answer several related questions as: 1) How can

musical time be mapped in three-dimensional space? 2) How can concave sculptural forms be derived from

linearly and inexorably progressing music?

When listening to music, we hear it one moment at a time. Soon that moment is gone forever, since

time is linear (in this scale) and never returns to its starting point. In a two-dimensional as well as a three-

dimensional coordinate system, time can be represented as one dimension. If we want to map the temporal

quality of music in three-dimensional space and—at the same time—produce concave angles in any possible

direction, we cannot tie the time of music to any single dimension. We solve this dilemma by deploying

vectors.

Vector Sequence Model

With the Vector Sequence Model (VSM), our most important aim is to develop a mapping procedure in which

the connection between musical tonality and a sculptural form can easily be seen. With VSM, musical time

is associated with vectors and their movements in three-dimensional space. For this application, we define

music as a set of notes that can be expressed in MIDI format: pitches are expressed as equal tempered MIDI

pitches, which in turn can be transformed into 12 octave-equivalent pitch classes using modulo 12-arithmetic.

The twelve pitch classes are equal to note names (C, C#...B) inside an octave domain and are usually marked

with the numbers 0–11. Temporal information is based on note-onset times and note durations in MIDI ticks.

The concept of sculpture consists here of virtual 3D objects. We denote the mapping of the VSM procedure

f as follows:

f : Mu → Ma → Sc,
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where Ma includes music analytical methods and other mathematical procedures that refine the original

musical data.

Instead of grounding the model in basic low-level musical parameters, such as pitch and duration, as is

the case, for instance, with the works of Hansen [1], VSM is based on an upper level parameter, tonality.1

Tonal tensions, especially larger-scale key modulations, often play an important role in music perception.

With VSM, such a key modulation is associated with the change of direction in 3D space. Major-minor

tonalities are extracted from musical data by segmenting pitch data into pitch-class sets with the same size

(cardinality)[7] and defining their tonalities using Krumhansl-Schmuckler key-finding algorithm [4]. A tonal

key is defined separately for each bar. A bar, for its part, is associated with a unit vector in 3D space and

its direction is determined based on the major or minor key. The directions of the keys in 3D space are

determined according to a major-minor key ball (Figure 1b), which is in a way an expanded version of the

traditional major-minor key circle of fifths (Figure 1a). The directions are calculated by applying multidi-

mensional (here: three-dimensional) scaling (MDS)[5] to all 24 (major and minor) Krumhansl-Kessler key

profiles [6]. We have attached colors from the red-yellow-blue (RYB) circle onto the key circle of fifths to

make the final visual impression more analytical (Figure 1a). The farthest keys—a tritone apart—are colored

with the opposite colors.

a) b)

Figure 1 : a) RYB-colored key circle of fifths used in the current project. The major keys are

written in capitals and the minor keys with small letters; b) Major-minor key ball in which the

keys a tritone apart point in exactly opposite directions.

Consecutive bars produce a sequence of unit vectors that visualize the tonalities and modulations in 3D

space: the stronger the modulation, the larger the angle between the vectors. The mapping of music begins

always from the point of origin (0,0,0) in three-dimensional space. This sequence of vectors is enriched by

depicting each note in a bar with a smaller note vector of its own: the starting point for the note vector is

determined by its temporal position in the bar and its length based on the note duration. The colors and

directions of note vectors are defined according to the note’s pitch-class value. Pitch classes are here tied

to the corresponding major key properties, that is to say, to their colors and directions. For example, if the

note-onset time of a note—being a middle C (with a MIDI value of 60)—in the first bar is 2048 MIDI ticks

and the time signature is 4/4 (with the length of the whole bar being 4096 ticks), then the note vector starts

from the midpoint of the first unit vector and moves in the direction of the C Major (60 modulo 12 = 0, which

is associated with the pitch class for C). As stated previously, the note vector’s end point—assigned via a

particular pitch class color (in this case green)—is determined by the relative duration of the note. The size

of the point is—for its part—determined by the pitch of the note: the lower the note, the bigger the point

size. Unit vectors together with note vectors constitute a tree-like wireframe model, one which is thereafter

1Other such “derived” parameters include, for example, chord structure and rhythm.
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a) b)

Figure 2 : a) Vector sequence model of W.A. Mozart’s 4th movement in Symphony nr. 40 (of

a “wireframe” and the entire virtual sculpture); b) A plastic 3D printed version of the same

mapping.

extended by applying kernel density estimation (KDE).2 The local magnitude of the expansion depends on

the number of notes in the area. The map “layers” show a dot distribution to represent the number of notes

in that particular area. In Figure 2a, we have allowed a maximum of three layers, in Figure 3, seven.

We call the end product of the mapping process a three-dimensional score since it offers a kind of

symbolic notation in 3D space. Such virtual sculptures are not only artistically fascinating; they also offer

interesting music analytical insights.

In Figure 2a, we see such a DNA-like wireframe inside a cover produced by kernel density estimation.

The composition behind the virtual sculpture in Figure 2, is the final movement in Symphony nr. 40 by W.A.

Mozart.

Figure 3 : VSM mapping of Olivier Messiaen’s Apparition of the Eternal Church.

The quite straightforward, tube-like form of the figure means that Mozart’s composition mainly moves

around in its basic tonal regions. However, as Arnold Schönberg has noted, the compass of modulation in

2In statistics, kernel density estimation (KDE) is a non-parametric way to estimate the probability density function of a random

variable and is closely related to a histogram [3].
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the final movement’s development section is among the most remote in classical symphonies [2, 149]. The

development section in the middle of the movement modulates violently along the key circle of fifths (9 steps

out of 12) from F minor towards C# minor and then returns to G minor. This is seen as a bulge in the middle

of the vector sequence model (see Figures 2a and 2b).

As a reference point of, another example of VSM mapping is shown in Figure 3. Olivier Messiaen’s

music is not considered to be traditionally tonal. Even though we cannot define actual major and minor keys

based on Messiaen’s music, VSM mapping shows that there are tonal centers that remain the same over

several bars.

Conclusions

The Vector Sequence Model provides artists with a strong analytical and artistic tool. For example, it allows

us to improvise a three-dimensional virtual sculpture using a MIDI keybord. The end product—in which the

cover forms the sculpture surface—can be converted into STL and PLY format for 3D-printing (Figure 2b).

In the current model we have concentrated on tonalities of music. However, chord structures and rhythmic

information3 could be studied as well.
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