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ABSTRACT

Richard Wagner’s cycle Der Ring des Nibelungen, con-
sisting of four music dramas, constitutes a comprehensive
work of high importance for Western music history. In this
paper, we indicate how MIR methods can be applied to ex-
plore this large-scale work with respect to tonal properties.
Our investigations are based on a data set that contains 16
audio recordings of the entire Ring as well as extensive
annotations including measure positions, singer activities,
and leitmotif regions. As a basis for the tonal analysis,
we make use of common audio features, which capture
local chord and scale information. Employing a cross-
version approach, we show that global histogram repre-
sentations can reflect certain tonal relationships in a robust
way. Based on our annotations, a musicologist may eas-
ily select and compare passages associated with dramatic
aspects, for example, the appearance of specific characters
or the presence of particular leitmotifs. Highlighting and
investigating such passages may provide insights into the
role of tonality for the dramatic conception of Wagner’s
Ring. By giving various concrete examples, we indicate
how our approach may open up new ways for exploring
large musical corpora in an intuitive and interactive way.

1. INTRODUCTION

Originating in late 16th-century Florence, opera evolved as
a central art form of Western culture [1]. Intended as a re-
turn to ancient Greek dramatic style, the idea of accompa-
nied singing (monody) laid the ground work for two central
singing styles of traditional opera: speech-like recitatives,
which serve as a means for developing the plot, and arias,
which emphasize the characters’ feelings through cantabile
melodic lines. For centuries, the structure of opera was de-
termined by alternating such individual pieces of music,
which is also known as number opera. In the mid-19th
century, Richard Wagner developed a novel approach to
operatic composition. According to his theoretical writings
such as Oper und Drama [15], the “drama of the future”
should integrate all forms of art (“Gesamtkunstwerk”). He
broke with the conventions of number opera in favor of a
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Figure 1. Overview of Wagner’s Ring and schematic de-
scription of the histogram extraction. (a) The four parts of
the Ring with catalogue number and length in measures.
The measures under consideration are highlighted in color.
(b) A local chord representation with time given in mea-
sures. (c) A histogram summarizing the chord represen-
tation. (d) A local scale representation. (e) A histogram
summarizing the scale representation.

unity of prose and music with a steady musical flow, which
is often referred to as through-composed style or “endless
melody” since it lacks both interruptions and exact repe-
titions. A central aspect of Wagner’s operatic style is the
frequent use of leitmotifs—short musical ideas associated
with a character, a place, an item, or with emotional cate-
gories, among others.

One of the most impressive realizations of these ideas
is the tetralogy Der Ring des Nibelungen, an extensive
work cycle of four music dramas created between 1848
and 1874. In Figure 1a, we show an overview of the Ring’s
parts. A typical performance lasts 14–15 hours in total,
which is demanding for listeners as well as performers.
Furthermore, the through-composed form may appear less
structured to the naive listener than a traditional number
opera. Therefore, navigation and visualization tools are
particularly useful for exploring this large-scale work. In
this paper, we present such visualizations and demonstrate
their benefit for musicological research.

The Ring has already obtained some attention in the
field of Music Information Retrieval (MIR). Page et al. [9]
present a toolkit for annotating musical performances in a
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case study based on the Ring. In other studies [17, 21],
Wagner’s tetralogy serves as a basis for investigating the
reliability of measure annotations. Concerning leitmotifs,
Müllensiefen et al. [7] consider the human memory recall
task. They found that the distance of chroma features re-
lates to the perceived novelty of a leitmotif.

In this paper, we approach the Ring from the perspec-
tive of tonal analysis. To this end, we perform experiments
on the basis of common tonal features extracted from dif-
ferent recordings. These audio features capture the local
presence of chord [12] and scale structures [18]. Figure 1
illustrates such tonal representations with respect to ma-
jor and minor triads (Figure 1b) and to diatonic scales 1

(Figure 1d) for the beginning of the first part, Das Rhein-
gold. Dark values indicate a higher salience of the respec-
tive tonal structures. The prelude of this piece strongly
relies on a single E � major triad, which corresponds to
homogeneous regions in both feature sequences. In gen-
eral, Wagner’s music is known to present a rich vocabulary
of different chord and scale types. However, though be-
ing an oversimplification, in this case study we consider
only the major and minor chords as well as diatonic scales.
These simple tonal structures still explain a relevant span
of harmonically stable passages [19]. As a central tech-
nique in this paper, we summarize such chord and scale
feature sequences in histogram representations as shown
in Figures 1c/e. Visualizing these histograms may illus-
trate global trends in the tonal conception of the music.
For computing the histograms, we select and compare pas-
sages associated with dramatic aspects, for example, the
activity of certain characters or the presence of certain leit-
motifs. This way, we show the ability of our visualizations
to explore interesting tendencies and to study relationships
between tonal and dramatic aspects within the Ring cycle.

In the field of MIR, histogram-based features have
been extensively used for tasks such as genre recogni-
tion [13], tuning estimation [5], and other classification
tasks [10, 14]. Moreover, the visualization of music pieces
is an important topic in MIR. Wu and Bello [20] present an
approach for visualizing musical structure. Sapp’s scape
plot representations [11] have come out useful for illustrat-
ing harmony analysis results in a hierarchical way. In [3],
Gómez and Bonada demonstrate several visualization tech-
niques concerning tonal aspects of musical pieces.

Typically, tonal analysis is performed on the basis of
musical scores. In Section 2, we discuss why an analysis
based on audio recordings may be beneficial for the Ring
scenario. Having several recorded performances (versions)
of the Ring allows us to employ a cross-version approach
in order to stabilize the audio-based tonal representations.
Konz et al. [6] show that visualizing the cross-version con-
sistency of analysis results suppresses aspects of particular
performances and, thus, emphasizes aspects relevant to the
musical work in general.

Based on previously mentioned works, we present the
histogram visualizations as a novel way to explore the

1 We refer to the diatonic scales according to the respective accidentals.
For example, +1 corresponds to a scale with 1� (G major or E minor scale)
whereas −2 indicates a scale with 2 � (B � major or G minor scale).

No. Conductor Recording hh:mm:ss

1 Barenboim 1991–92 14:54:55
2 Boulez 1980–81 13:44:38
3 Böhm 1967–71 13:39:28
4 Furtwängler 1953 15:04:22
5 Haitink 1988–91 14:27:10
6 Janowski 1980–83 14:08:34
7 Karajan 1967–70 14:58:08
8 Keilberth/Furtwängler 1952–54 14:19:56
9 Krauss 1953 14:12:27
10 Levine 1987–89 15:21:52
11 Neuhold 1993–95 14:04:35
12 Sawallisch 1989 14:06:50
13 Solti 1958–65 14:36:58
14 Swarowsky 1968 14:56:34
15 Thielemann 2011 14:31:13
16 Weigle 2010–12 14:48:46

Table 1. Performances of the Ring used for this paper. In
No. 8, Furtwängler only conducts Die Walküre (different
from No. 4), the other parts are conducted by Keilberth.

Ring. The main contribution is the application of MIR
techniques in an exploratory manner for highlighting inter-
esting trends and relations within this large-scale work cy-
cle. The remainder of the paper is structured as follows. In
Section 2 we explain the data set and describe the charac-
teristics of our annotations. Then, we shortly recapitulate
the extraction of local chord and scale information and ex-
plain the histogram computation (Section 3). In the central
Section 4, we discuss these histograms in detail by means
of several concrete examples relating to different dramatic
aspects of the Ring. Section 5 concludes our paper.

2. DATA SET AND ANNOTATIONS

For an automated tonal analysis, we have to rely on a spe-
cific representation of a piece of music. Typically, mu-
sicologists perform such analyses in a manual fashion on
the basis of musical scores. To automate this process, mu-
sical scores need to be accessible in a machine-readable
form (symbolic data) in high quality, which is a rare case
for Western classical music with a large instrumentation.
To overcome this problem, Optical Music Recognition
(OMR) techniques are usually employed, which cannot
provide satisfactory results in many situations [2] so that
time-consuming manual correction steps are required. As
an alternative, tonal analysis can be performed on the ba-
sis of audio recordings, at least to a certain extent [12, 18].
For the Ring, for example, a high number of CD record-
ings are easily available. In our experiments, we use 16
different performances comprising nearly 232 hours of au-
dio, see Table 1. To compare and combine analysis results
obtained from different representations, a link between the
representations’ time axes is beneficial. For instance, we
can use the positions of measure boundaries, as specified
by the score, in the recordings. To this end, several stu-
dents with a strong practical experience in Western clas-
sical music manually annotated these positions for three
performances [17]. By means of synchronization tech-
niques [8, Chap. 3], we jointly transferred the manual an-
notations from the three performances to all other perfor-
mances. See [21] for details and an evaluation regarding
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the joint transfer. The measure positions constitute suit-
able reference points for a cross-version analysis on the
measure level since different performances can be related
to each other using a musical time axis. In total, the Ring
encompasses 21941 measures, including pickup measures.

Moreover, the measure positions enable the transfer of
semantic annotations from a musical time axis to the indi-
vidual performances and vice versa. In our scenario, we
are interested in dramatic aspects of the Ring’s plot. For
example, we annotated the regions where different charac-
ters are singing. In particular, we specified the start and
end of the singing voice regions as well as the correspond-
ing character according to the verses of the libretto. If a
verse is interrupted by a whole measure or more, the anno-
tation is split accordingly. In total, our annotations com-
prise 6792 singing voice regions.

Beyond this, the presence of certain leitmotifs is of high
interest for studying the dramatic conception. Motivated
by this, a musicologist annotated the occurrences of the
leitmotifs by listening to a recording and analyzing the
sheet music. The definition of leitmotifs used for this work
relies on a guide by Julius Burghold from 1913 [16], which
serves as a reference both for the names and the musical
shape of the motifs. The annotations comprise start and
end positions as well as the corresponding name for each
occurrence of a leitmotif. For example, within Siegfried
2632 leitmotif occurrence regions have been identified.

3. HISTOGRAM COMPUTATION

In this section, we summarize the computation of local
chord and scale representations, describe our histogram ap-
proach, and show why a cross-version strategy is benefi-
cial. To capture tonal characteristics in audio recordings,
we first compute normalized chroma features [8, Chap. 3],
which represent the energy within the twelve chromatic
pitch classes over time. Employing a common tem-
plate matching strategy, we locally compare the chroma
feature sequence with binary templates corresponding to
chords [12] or scales [18]. By means of normalizing, we
can interpret the results as probability for the occurrences
of the particular chords or scales. Since these tonal struc-
tures relate to a time span of several seconds, we suitably
smooth the chromagram before applying template match-
ing. To obtain musically meaningful windows, we make
use of the measure annotations to obtain performance-
independent window sizes w ∈ N specified in measures,
rather than seconds. Our experiments showed that w = 4
for the chord analysis and w = 12 for the scale analy-
sis provides meaningful visualizations. From a traditional
music theory perspective, a window size of 4 measures
for analyzing chords does not make sense. Indeed, chords
lasting for such a long time rarely occur in Wagner’s mu-
sic. However, such a parameter setting leads to visual-
izations, which appear more structured, e.g. emphasizing
tonic chords. One reason is that many chords in a pro-
gression share common notes and, thus, often stabilize the
result for the respective tonic chord. Since we use a cen-
tered window view and a hop size of one measure, we ob-
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Figure 2. Analysis for the complete Ring cycle. (a) Chord
histogram. (b) Scale histogram.

tain one feature vector for each measure. For emphasizing
the locally salient structures, we apply an exponential post-
processing step similar to the softmax function.

With this strategy, we compute an analysis matrix
A ∈ RD×M for a given performance, where M ∈ N de-
notes the number of measures and D ∈ N the feature di-
mension (with D = 24 for chords and D = 12 for scales).
Figures 1b/d show such matrices. Based on this matrix
A, we calculate a histogram h ∈ RD by averaging over all
measures:

h(d) =
1

M

M∑
m=1

A(d,m) (1)

with d ∈ [1 : D] := {1, 2, . . . , D}. Figure 2 shows his-
tograms for the complete Ring. The bar heights correspond
to the presence of the chords or scales averaged over all
measures. The distributions are rather flat, which indicates
that Wagner seems to use the full range of chords and keys
for tonally shaping his tetralogy. Nevertheless, we observe
a stronger presence of the C major chord as well as the
scales 0, +1, and −1 indicating that tonal regions with few
accidentals seem to be slightly more prominent. Further-
more, we find a small trend towards flat key regions (left
half) compared to sharp key regions (right half).

At this point, we may wonder about the reliability of
these results and the histograms’ dependency on a spe-
cific version. For example, Figure 3a shows two chord
histograms, which are computed for two different perfor-
mances. Even though the global trends seem to be con-
sistent among the two versions, one can observe some de-
viations. For example, the E minor triad seems to be one
of the most prominent chords in the Boulez version (blue),
whereas this chord is less important in the Furtwängler ver-
sion (red). Such performance-specific characteristics may
come into play for a variety of reasons. For example, per-
formances may exhibit a different dynamic balance of the
instruments and singers. Furthermore, different recording
conditions may suppress or enhance certain frequencies.
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Figure 3. Comparison of single-version histograms and
cross-version histograms for the complete Ring. (a) Chord
histograms for the performances conducted by Boulez
(No. 2) in blue and Furtwängler (No. 4) in red. (b) Chord
histograms with cross-version approach. The blue and the
red histogram each correspond to eight different versions.

To attenuate the version-specific aspects, we introduce a
cross-version approach similar to [6]. Having P ∈ N per-
formances, we compute an analysis matrix Ap for each of
these versions p ∈ [1 : P ]. From these matrices, we derive
a cross-version analysis matrix simply by averaging over
all performances

Acv(d,m) =
1

P

P∑
p=1

Ap(d,m) (2)

with d ∈ [1 : D] and m ∈ [1 : M ]. Finally, we average
over all measures of Acv to obtain a histogram as in Eq. 1.

Figure 3b shows two histograms computed with our
cross-version approach, each for P = 8 different perfor-
mances. 2 Note that the two cross-version histograms are
more similar to each other than the two single-version his-
tograms in Figure 3a. This indicates that the cross-version
approach stabilizes the results. Furthermore, characteris-
tic trends and peaks of the histograms are retained, which
shows that the averaging procedure does not smooth out in-
teresting details. In general, the cross-version approach en-
hances work-related aspects and suppresses performance-
specific artifacts. In the following, all histograms are com-
puted in a cross-version fashion using P = 16 perfor-
mances. Also, the histograms in Figure 2 were computed
in this way.

4. EXPLORATION

We now want to show the potential of the introduced his-
tograms for exploring relationships between dramatic as-
pects of the Ring and its tonal organization. To this end, we

2 Performances Nos. 1, 2, 5, 9, 11–13, 15 correspond to blue and
performances Nos. 3, 4, 6–8, 10, 14, 16 correspond to red.
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Figure 4. Comparison of Das Rheingold to the complete
Ring. (a) Activations for the Ring (reference, 21941 mea-
sures, gray) and Das Rheingold (selection, 3897 measures,
red). Dotted lines correspond to the beginning of a new
act. (b) Chord histogram. (c) Scale histogram.

apply a selection procedure with respect to different crite-
ria. As examples of such criteria, we consider the role of
a single part with respect to the full cycle, the behavior of
singing and instrumental regions, as well as the activity of
specific characters. Furthermore, we take the occurrence
of certain leitmotifs into account. For all examples, we se-
lect the measures or passages fulfilling these criteria while
discarding the others before computing the histograms.

As a first scenario, we looked at the role of individual
parts of the Ring. For example, we compared the first part,
Das Rheingold, to the complete cycle. In Figure 4a, we
show a compact overview that illustrates the investigated
passages with the complete cycle as reference (R) in gray
and the first part as selection (S) in red. In the following,
we refer to such illustrations as activation diagrams. Using
this color scheme, Figure 4b shows two chord histograms
with the reference histogram in gray and the selection his-
togram in red. In these histograms, we observe rather flat
distributions. Regarding the individual chords, we observe
a high presence of the C major chord in Das Rheingold (se-
lection). This coincides with the general distribution in the
full Ring (reference). In contrast, the enhanced presence of
the E � major chord in the selection deviates from the shape
of the reference histogram. An important reason for this
peak may be the prelude comprising 136 measures with a
constant harmony, an E � major triad. Figure 4c shows the
corresponding histograms for the scales. The comparison
of these histograms indicates a trend towards scales with
flats ( �) in their key signatures (–2 to –5) in the selection.
These observations suggest that the individual parts of the
Ring may indeed exhibit a characteristic tonal shape.

As a second example, we examine the characteristics
of passages involving instrumental passages and singing
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Figure 5. Comparison of instrumental passages to all oth-
ers. (a) Activations for the Ring (reference, 21941 mea-
sures, gray) and the instrumental passages (selection, 5103
measures, red). (b) Scale histogram. (c) Activations for the
Ring (reference, 21941 measures, gray) and passages in-
volving singing (selection, 16838 measures, red). (d) Scale
histogram.

activity. In contrast to the previous experiment, our se-
lections now comprise several local passages instead of
one contiguous region. To obtain two disjoint selections,
we assign each measure to either the instrumental or the
singing selection where measures with partial singing were
assigned to the singing selection. Figures 5a/c display
the corresponding activation diagrams. The aggregated
lengths of both subsets are in a proportion of roughly 1 : 3
(5103 vs. 16838 measures). In the scale histograms in Fig-
ures 5b/d, the selections show a high similarity to the full
cycle’s histogram even though the respective passages do
not overlap. This indicates that, globally speaking, there
is no substantial tonal difference between these selections.
One may wonder if this similarity is a trivial observation.
As we will show in our next example, we observe different
shapes when we investigate the singing activity of specific
characters.

As the third scenario, we examine the behavior for
two groups of characters, gods and mortals, which con-
stitute central categories in the Ring’s plot. 3 The activa-
tion diagram in Figure 6a shows the singing activities of
gods (in blue) and mortals (in red). Instead using a ref-
erence, like the complete Ring as before, we now com-

3 For this exemplary scenario, we classified as gods: Wotan, Fricka,
Freia, Donner, Froh, Erda, Loge, and the Norns. Characters classified as
mortals are Siegmund, Sieglinde, Siegfried, Hunding, Gunther, Gutrune,
Hagen, as well as the male and female choirs. Even though there are bor-
der cases such as the demigod Loge or Siegmund and Sieglinde, Wotans
children, we consider this a meaningful categorization. We do not take
into account other categories such as the Valkyries, or the Nibelungs.
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Figure 6. Comparison of gods and mortals singing.
(a) Activations for passages with mortals singing (S-M,
6409 measures, red) and passages with gods singing (S-
G, 4203 measures, blue). (b) Chord histogram. (c) Scale
histogram.

pare two selections based on different selection criteria. In
Das Rheingold, only gods are active whereas in the final
Götterdämmerung, gods are barely active (only the Norns
in the prologue). Thus, we observe some kind of global
trend from gods towards mortals over the course of the
Ring. Figures 6b/c show the corresponding chord and scale
histograms. The mortals’ scale histogram exhibits a slight
trend towards scales with few accidentals. In contrast, the
gods’ histogram shows a somewhat higher presence of out-
lying scales. For musicologists, such observations could be
a starting point for relating tonal characteristics to the in-
terpretation of the drama. As an exemplary hypothesis, the
prominence of far-off scales might be associated with the
gods living far-off our human world.

As a final selection criterion, we focus on the occur-
rence of leitmotifs, which constitute a central dramatic el-
ement in the Ring. Even though Wagner did not invent this
technique and never used the term “leitmotif” personally,
the extensive usage of such motifs makes the Ring a promi-
nent example of a realization of this concept. We now indi-
cate how one may explore the tonal characteristics during
the occurrences of certain leitmotifs. As a first example,
we consider the “Valhalla motif,” which refers to the castle
of the gods and is frequently used over the course of the
tetralogy. Figures 7a/b show an activation diagram and a
chord histogram with Das Rheingold as reference and all
regions in this part with the Valhalla motif as selection. For
this motif, we notice a high peak for the D � major chord, in
contrast to the flat shape of the reference histogram. When
we examine this motif over the course of Die Walküre, we
observe a different trend (see Figures 7c/d). For this part,
the histogram exhibits a high peak for the E major chord
whereas the D � major chord has only a slight peak. These
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Figure 7. Passages containing the Valhalla motif. (a) Ac-
tivations for Das Rheingold (reference, 3897 measures,
gray) and passages containing the Valhalla motif therein
(selection, 176 measures, red). (b) Chord histogram.
(c) Activations for Die Walküre (reference, 5322 measures,
gray) and passages containing the Valhalla motif therein
(selection, 124 measures, red). (d) Chord histogram.

observations indicate that the Valhalla motif tends to ap-
pear in a specific tonal context. However, the correspond-
ing chord strongly differs between the parts of the Ring.
The correlation of the Valhalla motif to the D � major and
E major chords, respectively, is a known fact in musicol-
ogy [4, p. 172]. It is promising that automated methods
can confirm such observations.

As a second leitmotif example, we investigate the oc-
currences of the “sword motif.” Figure 8 shows activa-
tion diagrams and scale histograms for this motif within
Die Walküre and Siegfried. In Die Walküre, the motif has
a clear tendency towards the region of 0 (C major/A mi-
nor) and +1 (G major/E minor). The situation is com-
pletely different in Siegfried, where the scale distribution
is rather flat, with a slight trend towards flat scale regions.
One reason might be the integration of this motif into a
more complex tonal conception in Siegfried compared to
Die Walküre.

5. CONCLUSIONS AND OUTLOOK

In this paper we demonstrated how existing MIR tech-
niques such as tonal audio features and global histograms
can be applied in a complex music scenario. Regarding
audio-based analysis, we showed that a cross-version ap-
proach is able to enhance work-related properties while
suppressing performance-specific details and, therefore,
stabilizes the analysis results compared to a single-version
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Figure 8. Passages containing the sword motif. (a) Acti-
vations for Die Walküre (reference, 5322 measures, gray)
and passages containing the sword motif therein (selection,
200 measures, red). (b) Scale histogram. (c) Activations
for Siegfried (reference, 6682 measures, gray) and pas-
sages containing the sword motif therein (selection, 203
measures, red). (d) Scale histogram.

approach. For exploring relationships between dramatic
aspects and the tonal organization of Wagner’s Ring cy-
cle, we presented compact visualizations of tonal features
based on global histograms with several selection criteria.
We showed that these visualizations can provide interest-
ing insights into large-scale works such as Wagner’s tetral-
ogy. Investigating a small selection of examples, we found
that the Ring’s parts may each exhibit an individual tonal
shape. Furthermore, the histograms indicated that charac-
ter groups can have different tonal preferences. Finally,
we showed that leitmotifs can have specific tonal conno-
tations. In general, using global histograms exhibits some
limitations since we cannot address many fine-granular is-
sues with this method. Nevertheless, we showed the bene-
fit of such visualizations for highlighting interesting trends
and relations. Beyond the analyses shown in this paper,
many more filtering criteria could be of interest in this
complex scenario. Concerning subsections of the Ring, in-
dividual acts or scenes could be analyzed. Regarding the
musical parts, different character groups or even individual
singers could be considered as well as the use of certain in-
struments or instrument families. Finally, the enormous
number of leitmotifs with several thousand occurrences
and their complex relationships lead to a vast amount of
possible selections. Investigating the Ring with respect to
such aspects could allow musicologists to confirm or ad-
just their hypotheses or be inspired to create new ones and,
thus, might have potential for musicological research.
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