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ABSTRACT

We present an unsupervised method for detecting the tim-
bre structures of a György Ligeti’s Atmosphères (1961).
The computational approach was proposed for this study in
order to retrieve acoustic features to highlight sonic char-
acteristics that may show whether the analyzed method di-
alogues or not with the symbolic analysis from the music
score. We extracted windowed MFCC features from the
phonogram, applied Principal Component Analysis to it.
Next, we applied Mean Shift clustering algorithm. Our
results point out to a satisfactory number of clusters to rep-
resenting the extracted features statistically along with a
reasonably convergence to the music symbolic segmenta-
tion. We argue that this is an empirical approach should
be understood as a complement for score analysis methods
and not as an alternative to it.

1. INTRODUCTION

A striking portion of the orchestral music composed since
the second half of the Twentieth Century has made exten-
sive use of non-standard music tradition techniques and/or
laboured complex “sound masses”. The corresponding
works have extended the capacity of the written score to
provide a whole conceptual processes of a composition’s
overall sound to its limits. When instrumental sounds are
superimposed or, even more so, when they are intention-
ally mixture together the rift between the written score and
the sounding results may become even more important. In
the attempt to analyze such compositions the possibility to
include information extracted from both the written score
and the recording of its performance becomes a crucial is-
sue. In this article we present and discuss an example of
such an attempt based on the analysis that arises from the
study of György Ligeti’s Atmosphères for full orchestra
(1961). The composition accrues the characteristics afore-
mentioned. When considering the issues of identity and
similarity between sound-events occurring in the piece,
both acoustic features extracted from recorded sources and
symbolic analysis from music score take equivalent role as
a basis for investigation, a priori.
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The affluence of information exists about the genesis of
the composition [1–5]. They have not only supply the sub-
stratum for a preliminary analysis of the work and even so
has also quite straightforwardly suggested questions of the
issues just mentioned.

Additionally, the craft of musical analysis brought about
directly by the music score provides considerable inputs
to highlight aesthetic, conceptual and musical aspects that
can be related to the composer’s particular planning. How-
ever, the analysis performed only by this symbolic source
may not be sufficient for the macro and microstructural un-
derstanding of the sound universe in which a composer
is inserted in. This is in agreement specially on musi-
cal works that make use of compositional strategies that
extend the scope of the timbre transformations. In these
cases, in addition to the traditional methods of musical
analysis, as highlighted by Cook [6], the computational en-
vironments allow new techniques for musical analysis.

On this particular scenario we developed an analysis
study that dialogues with the area of Music Information
Retrieval [7]. Hence, the computer support was brought
in, first to extract acoustic features from the sound events
considered and then to decide on how to classify and com-
pare them within the context of our analysis. Many other
analysis have been done so far, all of them under symbolic
notation, this method is applied on the timbre features ex-
tracted from the sound recording and should provide ana-
lysts with some concrete reference.

Although the questions underlying our discussion heavily
rely on information provided by the composer the applica-
tion of the suggested approach to a wider context should
also be viable. These possibilities will be the subject of the
discussion provided in the closing sections in which we
will briefly present some György Ligeti’s particular com-
positional strategy and the Atmosphères on Section 2 and
Section 2.1, respectively. On Section 3 we discuss the main
stages of the method exploited on the study. On the follow-
ing two Sections ( 4 and 5) we present the analysis and re-
sults of the study and the discussion of the results. Finally,
we conclude our study in Section 6 discussing forthcoming
projects.

2. GYÖRGY LIGETI

There are a multitude of technical and conceptual aspects
in which it is possible to describe the compositional strate-
gies of the hungarian composer György Ligeti. Apart from
the influence of Renaissance Music (mainly by the mu-
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sic of Johannes Ockeghem), Serial Music (by the music
of Anton Webern) and specific non-musical aspects of the
creative art (by works from Paul Klee) [8], Ligeti high-
lighted the significant facet of his contemporary discov-
eries such as the electronic music developments. After a
working time period on the Electronic Music Studios, in
Cologne, in the last years of 1950, György Ligeti acquired
new and important theoretical and technical substrates to
construct his own compositional poetics. In such perspec-
tive aligning electronic music tools and instrumental mu-
sic composition techniques Ligeti was able to thrive up his
works by using chromaticism, polyrhythm and the he later
dubbed micropolyphony [9]. Micropolyphony is a partic-
ular construct of Ligeti’s own understanding of the aes-
thetic of sound-mass composition [4]. Accordingly, mi-
cropoliphony is the own emancipation of the surface tex-
ture, the creation of dense sonorities by chord clusters re-
sulting from the suspension of traditional structures of mu-
sical time, form, and pitch relation [10]. Nevertheless, re-
gardless of the fact that Ligeti did not come up with the
electronic studio techniques to be the right medium for his
idea, that experience in electronic studios was crucial for
his composition and his stylistic development [11].

2.1 Atmosphères

As already described in Section 2, Atmosphères was com-
posed after the György Ligeti’s experiments in electronic
music studios and it develops some compositional strate-
gies that would only be possible for technological re-
sources such as spectral filtering processes, overlapping of
supersaturated sound layers and micropolyphony. By in-
ternalizing and converting these electronic techniques and
their related discourses on orchestral settings, Ligeti ad-
dressed timbre as the central compositional issue in his
Atmosphères. The structural form of the piece is basi-
cally based on its own textural movement. Thus, it is the
timbre itself that plays the structural role. The succes-
sive structures of different sound densities established by
the interlacing of the acoustic instruments convert them as
the sound structural layers such as in a mixing console.
The exerted audio recording was performed by New York
Philharmonic and was conducted by Leonard Bernstein in
1999 (Music of Our Time. Sony Classical SMK 61845 1 ).

3. METHOD

3.1 Feature Extraction

Mel Frequency Cepstrum Coefficients are standard tim-
bre representation in the Music Information Retrieval
field [12] both because its ability to represent the spectrum
in fewer coefficient and also because of its filtering process
that approximates human hearing model.

We extracted windowed MFCCs from the recording using
Librosa library 2 with a 2048 sized window and hop size
of 512, resulting in 22443 frames extracted fot the whole
piece.

1 More details on goo.gl/Jx19ph
2 http://github.com/librosa/librosa

Cluster # of frames
0 9640
1 5134
2 4386
3 2624
4 660

Table 1. Number of MFFCs frames in each cluster.

Figure 1. The two first principal components of the MFCC
data extracted from the Atmospheres recording.

3.2 Clustering

In order to reduce the dimensionality of the MFCC ex-
tracted we applied Principal Component Analysis (PCA)
to the data. The two first principal components contains
92% of the variance of the data.

We tested 4 clustering algorithms implemented in Scikit
Learn 3 library for finding the one that separates better
our timbre data logarithmically normalized. For measur-
ing separability we calculated the silhouette coefficient that
measures the distance between groups. The algorithm that
presented the best silhouette (0.71) was Mean Shift.

Mean shift algorithm treats clustering problem by assum-
ing some probability density function which generated all
points. The regions of high sample density corresponding
to the local maxima of this distribution.

To find these local maxima the algorithm works by allow-
ing the points to gravitate towards areas of higher density.
Those data points that converge to the same local maxima
are considered to be members of the same cluster.

The number of samples located in each cluster is shown
in Table 1 and in Figure 1 the two principal components
are illustrated with each clusters indicated with a different
colors.

3.3 Segmentation

In order to have the piece segmented according to timbre
temporal changes we built a novelty curve that should in-
dicate the points of transition between parts. We assumed
clusters with fewer frames as the more informative ones.
The novelty curve, then, should behave proportional to the

3 http://scikit-learn.org
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inverse of the cluster population: its highest peaks should
coincide with the moment when the piece leave that cluster
for going to next one successively.

4. ANALYSIS AND RESULTS

The results point to five as the most adequate number of
clusters for statistically representing the extracted features
and match reasonably to segmentation made manually.

From the perspective of the symbolic music analysis ap-
proach, the structural planning of the composition was
based on timbre transformation by the agency of a myr-
iad of diversified blocks of music structures built on some
electronic music techniques skilled on the sixties. In each
block, Ligeti conversed some techniques such as spectral
filtering and time stretching saturation, to cite some, into
the sound universe of an orchestra settings.

5. DISCUSSION

Atmosphères is developed by the conceptual idea of filter-
ing processes of textural layers, represented by each mu-
sical instrumental of the orchestral settings, where each
layer performs a distinct process. However, there are dif-
ferent transitions among these layers: sometimes the fil-
tering is done abruptly, sometimes it is made through a
gradual transformation. In some juncture it is made from
the preceding material or in another moment the process is
completely deserted and it presents another material.

From the perspective of the symbolic music analysis,
clusters 0 and 1 stand for the first filtering process applied
for Ligeti. Figure 3 highlights the moment when Wood-
wind instruments, first Violins and Double Bass faded out
in contrast to the Violas and the Violoncellos.

In another example, cluster 4 instances higher pitches on
instruments such as Piccollo and First Violin. As next, the
lower pitches is played by Double Bass and they are ex-
emplified once again by cluster 0. Figure 4 exhibits the
transition between cluster 4 and cluster 0 on the musical
score.

6. CONCLUSION

Although the questions underlying the main goal of this
ongoing study rely on information provided by the com-
poser and the literature on music analysis and musicol-
ogy, the application of the suggested approach to a wider
context should also be viable. The computer-assisted ap-
proach was used as basis for discussing the metaphor that
inspired this particular piece but has the potential to be ex-
tended to other compositions in the repertoire. In Atmo-
sphères, in particular, Ligeti translates electronic compo-
sitional techniques with surprising fidelity into the acous-
tic realm. The method proposed on the study was able to
highlight the main strategies envisioned by the composer.
Moreover, the segmentation layers retrieved by the novelty
curve provided substantial input to spread out the musico-
logical analysis from both acoustic and symbolic domain.
Future work projections focus on the elaboration of fur-
ther analytical examples, more detailed discussions of the

methodological issues that may arise from the extension of
the method as well as a harmonization of the computational
tools involved.
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Figure 2. Top: the spectrum extracted from the piece recording; Midlle: the clusters corresponding to each frame of the
piece; Bottom: the novelty curve proportionally converse to the cluster population. Three consecutive levels of segmenta-
tion are suggested (red, green and yellow) for three possibilities of resolution.

Figure 3. Filtering Process on the First Passages of Atmo-
sphères.

Figure 4. Cluster transition from 4 to 0 on Atmosphères.

Proceedings of the 11th International Conference of Students of Systematic Musicology

79


