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ABSTRACT

This paper investigates possible estimators of musical in-
formation in subregions of a time-frequency representation
of an audio signal, in the context of obtaining multireso-
lution time-frequency representations through iterative re-
finements. An experiment was conducted comparing es-
timators extracted from STFT spectrograms of Disklavier
performances to reference values extracted from the corre-
sponding MIDI files. Different reference values were con-
sidered, capturing the presence of musical information in
the time-frequency plane that are relevant to music infor-
mation retrieval tasks such as automatic music transcrip-
tion and timbre analysis. The impact of the size of the time-
frequency subregions and initial resolution of the STFT
were analyzed. The influence of the introduction of sim-
ple energy decay models in the reference values was also
investigated. A second experiment was conducted evalu-
ating chosen estimators as features in a predictive model
for the binary detection of musically relevant regions of a
time-frequency representation. Naive-Bayes models were
trained using binary piano rolls (with and without harmon-
ics) as ground truth. Results show that it is possible to de-
tect musically relevant regions of a time-frequency repre-
sentation with satisfactory results using Shannon and Rényi
entropies.

1. INTRODUCTION

The spectrogram is a widely used analysis/representation
tool in sound and music computing, despite the fact that
the linear frequency resolution of the Short-Time Fourier
Transform (STFT) is not particularly adequate for appli-
cations dealing with music events organized within log-
frequency strata. The trade-off between time and frequency
resolutions makes the STFT representation far from ideal
for signals with both melodic and percussive events of in-
terest, since either percussive events or melodic events will
be poorly located in the time-frequency plane (TFP) ac-
cording to the analysis window chosen. This is a burden
for tasks such as automatic music transcription (AMT) that
depend on the precise detection of both note onset times
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and melody contours, especially when the analysis of ex-
pressive elements with small-scale variations (e.g. vibrato)
is also targeted.

These limitations motivate the development of adaptive
transforms, which are representations that vary both time
and frequency resolution in different regions of the TFP
according to the contents of the analyzed signal. These
representations allow more representation space to be used
in subregions which are more relevant to the task at hand
and should be more detailed, whilst reducing representa-
tion space for irrelevant subregions. Such structured rep-
resentations lend themselves relatively easily to MIR tasks
that depend on local TFP information (e.g. onset detection,
frequency peak estimation). On the other hand, off-the-
shelf machine learning methods that expect uniform TFP
representations would probably require some form of de-
coding and segmentation prior to input.

In [1], a general structure for adaptive transforms is pre-
sented, where several spectrograms with different resolu-
tions are precomputed for the entire signal, and then used
to compose a multiresolution spectrogram. A specific al-
gorithm is also shown, in which the TFP is divided into
subregions, and for each subregion the sparsest represen-
tation among a set of alternatives is chosen, where sparsity
is measured by an entropy-related metric. A formal math-
ematical framework for the analysis, transformation and
resynthesis of a signal with adaptive time-frequency reso-
lution based on nonstationary Gabor frames is developed
in [2]. Rényi entropies are used as a sparsity measure for
the choice between different sets of analysis windows at
each time frame of a signal, and a resynthesis method is
provided along with a theoretical upper bound for its er-
ror. A similar algorithm is given in [3]: the TFP is divided
into rectangular regions, and for each one the sparsest (ac-
cording to Rényi entropy) Gabor representation is chosen
among two pre-computed representations. Then, this ini-
tial representation is subtracted from the original signal.
The resulting residual signal is again approximated using
the same adaptive algorithm, and the process is iterated
until a certain criterion is met, resulting in a layered repre-
sentation of the original signal.

This general structure for adaptive transforms is very in-
efficient: several regions of these multiresolution repre-
sentations are discarded after their computation, causing
a huge computational overhead. This motivates the in-
vestigation of a more efficient representation that avoids
the unnecessary computation of prior high-resolution rep-
resentations of the TFP, performing them only if there is
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Figure 1. A single refinement step of an algorithm for
adaptive multiresolution representation algorithm based on
a relevant musical subregion estimator. From an initial
generic spectrogram (plotted with a logarithmic Y-axis),
three subregions (represented by the white dotted lines) are
detected as musically interesting, and then transported to
the original spectrogram in order to be refined via local-
ized high resolution STFT computations.

evidence of the presence of musical events within a partic-
ular time-frequency subregion (this is what we call a rel-
evant subregion). This way, such a multiresolution spec-
trogram could eventually use the same amount of data of
a fixed-resolution spectrogram to provide a more precise
representation, by using coarser resolutions in areas that do
not contain musical events and higher resolutions in musi-
cally relevant regions, while at the same time reducing the
computational overhead by not throwing away any com-
puted data.

What differentiates our approach from the discussed re-
lated work is that our criterion for choosing local resolu-
tions is not the comparison between pre-computed repre-
sentations of different resolutions, but the use of a musical
information estimator. Moreover, in the presented experi-
ment we compare several candidates for such an estimator
with respect to their actual ability to detect musically rele-
vant regions in a TFP, a problem which was not addressed
in the related literature. This is the focus of this paper,
which characterizes, to our knowledge, a novel approach
to multiresolution representation of audio signals.

In order to develop such a representation, we need to find
a reliable way to detect musically relevant regions of a
fixed-resolution spectrogram. These are here defined as
regions that contain sound events (characterized by their
pitch, loudness, duration and timbre [4]) as well as expres-
sive events such as pitch bends, tremolo and vibrato. This
article presents two experiments that intend to answer how
well we can identify these regions and what would be the
best estimators for this task. A motivational application for
such estimators is presented in Fig. 1, which illustrates the

application of a musical information estimator as part of an
algorithm for obtaining an adaptive multiresolution time-
frequency representation. The algorithm starts with an ini-
tial single-resolution spectrogram, and a relevance estima-
tor (in this example, the energy density) is computed for
subregions of the TFP (in this case, rectangles of 500 ms
by 500 cent). The resulting map is interpreted as an index
to the presence of music events that should be represented
with a higher resolution. The three most prominent sub-
regions in this example have been selected, within which
high-resolution STFT representations were computed (us-
ing sub-band processing for computational efficiency) and
inserted in the corresponding subregions of the initial spec-
trogram, resulting in a multiresolution representation. This
refinement step could then be repeated in other subregions
until a certain predefined criterion is met, e.g. a memory
or time constraint, or a desired accuracy in the determina-
tion of further information from this spectrogram, such as
onsets or instantaneous frequencies.

Section 2 presents an overview of both experiments con-
ducted, as well as a justification behind the choice of es-
timators and reference values. Section 3 presents in detail
technical information about the estimator evaluation exper-
iment, and results are shown in Section 4. A technical de-
scription of the detection experiment is given in Section 5,
followed by the results in Section 6. Finally, Section 7 dis-
cusses the outcomes of both experiments and their applica-
bility in a multiresolution representation, as well as future
work.

2. METHODOLOGY

The main objective of the proposed experiments is to inves-
tigate possible musical information estimators in the TFP.
In the first experiment, we evaluate how well different esti-
mators correlate to reference values relating to some MIR
tasks. In the second experiment, we evaluate chosen es-
timators in a binary classification task to further evaluate
their applicability as part of an algorithm for a multireso-
lution representation.

2.1 First experiment: estimator evaluation

For the first experiment, reference values were extracted
from a MIDI file, while the estimators were extracted from
an STFT spectrogram taken from a corresponding perfor-
mance synchronized to such MIDI file. This is made pos-
sible through the use of piano performances recorded in
an Yamaha Disklavier: for each performance in the uti-
lized dataset, there are corresponding MIDI and audio files
aligned within a 3 ms accuracy. Fig. 2 gives an overview
of the steps involved in this experiment: from the MIDI
file, we build a density map of musical events (MIDI notes,
possibly including harmonic partials of such notes), to be
used as ground truth; from the sound recording, we build a
density map using a candidate estimator (such as entropies
or spectrogram statistics, see Section 2.1.2). Both den-
sity maps are computed over rectangular TFP subregions
measured in ms (width) by cents (height). Finally, ground-
truth and estimator density maps are compared according
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to their Pearson correlation coefficient.

2.1.1 Musical information reference values

Three different reference values are extracted from each
MIDI file (see Fig. 3):

1. Piano roll: from the note-on/off and sustain pedal
position events, a simple binary piano roll represen-
tation (no velocity information) is built;

2. Piano roll with harmonics: the simple binary piano
roll is augmented with the inclusion of 7 harmonics
for each note present;

3. Piano roll with harmonics and decay models: a piano
roll with velocity information is built from the MIDI
events contained in the file, along with 7 harmonics
for each note. Then, linear energy decay models are
used to attenuate each note over the time axis and
each harmonic over the frequency axis. For model-
ing the energy decay over time and frequency, we
used models based on measured data from acoustic
pianos [5, 6]. For each note, a decay of 8 dB/s is
considered, and seven harmonics are included with
a decay of 4.3 dB per partial. MIDI velocity val-
ues in [5] were translated using estimates from [7],
as decays of 28 velocity points per second and 7.86
velocity points per partial.

After their extraction from the MIDI file, each matrix
is divided into subregions defined by dimensions given in
cents by miliseconds. The mean value inside each of these
subregions is considered in order to form the reference
value matrix. It is important to note that the reference value
(and thus our definition of a musically relevant subregion)
is strongly dependant on the subregion size used: as im-
plemented, it represents the overall “note content” of each
subregion, and the size of these subregions greatly influ-
ences this.

Each estimator derived from the spectrogram was com-
pared against each of these reference values, in order to
give insight into their applicability under different circum-
stances. The correlation of an estimator with the simple
piano roll should give us an idea of its applicability to
the AMT task, since a piano roll would be a possible rep-
resentation format for the transcription. In a representa-
tion built specifically for AMT, piano roll events should be
given more importance, and should be represented with a
finer resolution with respect to the remaining subregions
of the TFP. The correlation of an estimator with the pi-
ano roll with harmonics allows us to evaluate its sensi-
bility to the presence of harmonics, which are an integral
part of the timbre of nearly every musical instrument, and
would show up on a spectrogram, but not necessarily in
a music score. Harmonics might be of interest to timbre
analysis, and so estimators that correlate well with this
augmented piano roll would be candidates for producing
multiresolution time-frequency representations for timbre-
related tasks. Finally, the introduction of decay models
into the piano roll represents an attempt to include a very
simple acoustic instrument model: this may be suited to

test the invariability of each estimator in relation to spe-
cific instrument timbres, but also to look for estimators that
would be useful to study dynamic (i.e. time-varying) as-
pects of timbre.

2.1.2 Estimators

Rényi entropies [2, 3, 8] and energy variance [9] have both
been employed as musical information estimators in the
TFP. For this experiment, the Rényi entropy was computed
with α = 3, a value justified by the discussion in [10]. The
Shannon entropy was also considered in our evaluation.
The standard deviation was used in place of variance, in or-
der to preserve the same scale of the original energy or am-
plitude data. All of these estimators were extracted from
amplitude, energy and dB energy STFT spectrograms. Fi-
nally, the amplitude, energy and dB energy densities (their
mean value inside each subregion) were evaluated, totaling
12 estimators.

These estimators are motivated by the fact that musical
events are characterized not only by an increase of energy
or amplitude (which would be captured by their densities)
but also by an increase of information complexity due to
note onsets, spaces between harmonics and other observ-
able events. This increase in complexity (possibly captured
by entropy and standard deviation) also justifies a closer
look at these regions: an adaptive transform should use a
finer resolution to represent regions containing onsets, for
example, but also regions containing entangled harmonics
belonging to different harmonic series.

Although reference values were here defined as the mean
values of several forms of the piano roll, considering the
AMT application and the interpretation that relevant re-
gions are regions containing events to be transcribed, these
reference values do not translate directly into mean energy
or amplitude of the spectrogram, which includes background
noise, acoustics of the instrument, acoustics of the room,
spectral leakage and other analysis artifacts. Moreover, the
experiments presented in Sections 4 and 6 show that, even
though there is a good correlation between the reference
values obtained from the piano rolls and the corresponding
estimators obtained from the STFT, these are not necessar-
ily the same estimators that perform best when it comes to
identifying musically relevant subregions.

2.2 Second experiment: detection of musically
relevant regions of the TFP

In the second experiment, the best performing estimators
were further evaluated as features to be used in a predic-
tive model for the binary detection of musically relevant re-
gions of the TFP. This experiment follows the same struc-
ture of the first one: ground truth values are extracted from
a MIDI file and features are extracted from the correspond-
ing audio recording. Single-feature predictive models and
feature pairings were tested for this task.

Firstly, the binary piano roll was used as ground truth: as
discussed in Section 2.1.1, a feature that predicts a piano
roll with accuracy would be a good detector to be used as
part of an AMT-motivated multiresolution representation.
Secondly, in order to evaluate the influence of harmonics in
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Figure 2. Overview of the experiment: from a single piano performance a MIDI-derived symbolic event density map and a
spectrogram-derived estimator map are built and correlated.

Figure 3. Alternative intermediate symbolic representa-
tions for the event density map.

this detection, a ground truth consisting of a binary repre-
sentation of the piano roll with harmonics and decay mod-
els was used. For this reference value, a musical density
threshold had to be chosen in order to use this map to pro-
duce binary (relevance) labels; further discussion is pre-
sented in Sec. 5. The comparison of these models with the
previous ones should give us insight into the sensitivity of
different estimators to harmonics, and how these harmon-
ics aid or harm thes detection of musically relevant TFP
regions.

3. ESTIMATOR EVALUATION EXPERIMENT

The MAESTRO dataset [11] was utilized for both experi-
ments. It contains over 200 hours of piano performances
with paired MIDI files and sound recordings. For the es-
timator evaluation, 16 minutes of performances were se-
lected from the dataset, and used in the following anal-
ysis: from the corresponding MIDI files, the three refer-
ence maps described in 2.1.1 were extracted, according
to a rectangular subregion size. From the corresponding
audio recordings, an STFT analysis was performed, from
which the estimators described in 2.1.2 were extracted. Fi-
nally, the Pearson correlation between each possible esti-
mator/reference value pairing was computed.

The recordings in the MAESTRO dataset come from the
yearly Piano-e-Competition. In order to represent different
recording conditions in the 16 minutes of music selected
for the experiment, each year in the dataset was sampled
equally. For every recording/MIDI pair selected, 30 sec-
onds were extracted from the halfway point of the perfor-
mance and used in the experiment.

In order to test the influence of the resolution of the STFT
from which the estimators are extracted, the experiment
was repeated for windows of 512, 1024, 2048 and 4096
samples. All recordings are sampled at 44100 kHz, and
hop sizes were chosen as one-fourth of the size of the anal-
ysis window.

As discussed in Sec. 2.1.1, the dimensions of the subre-
gions determine our reference value, and should be con-
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Figure 4. The effect of subregion size in the correlation co-
efficients for 5 estimator/reference value pairings. All esti-
mator/reference value pairings presented (approximately)
monotonically increasing behaviour.

sidered part of our definition of musical relevance. Since
our work is strongly motivated by AMT, the best subre-
gion size would be the one that produces the representation
best suited for this task. Admittedly, even this motivation
does not entail a single optimal subregion size: this would
vary according to spectral characteristics of the audio be-
ing transcribed, such as the expected number of notes per
second or the proximity in the frequency axis of simultane-
ous notes and harmonics per chord, so it is not appropriate
nor possible to treat the subregion size as a variable to be
optimized. With this discussion in mind, the experiment
was repeated for subregion sizes of 100 ms by 100 cents,
200 ms by 200 cents, 400 ms by 400, 600 ms by 600 cents,
800 ms by 800 cents and 1000ms by 1000 cents, in order
to observe, compare and discuss the results of the obtained
representations under different conditions.

4. ESTIMATOR EVALUATION RESULTS AND
DISCUSSION

Overall, the estimators that achieved the highest correla-
tions were the density and standard deviation of the am-
plitude spectrogram (see table 1). Density of the dB spec-
trogram and Rényi entropy of the amplitude spectrogram
also achieved fair results, although no estimator achieved
correlation coefficients significantly above 0.5. Estimators
extracted from the energy spectrogram (not in dB) did not
achieve notable results, as well as Shannon entropies, that
achieved the lowest correlation with each of the three ref-
erence values.

Fig. 4 shows that increasing subregion size tends to in-
crease the correlation between reference value and estima-
tor for all pairings. This is somewhat expected, given that
using a bigger subregion size has the effect of making both
matrices lose detail, favoring general trends in the data
which are easier to estimate than minor local changes. No
outliers were observed in this trend, which agrees with our
discussion in 2.1.1 about the impossibility of finding an op-
timal subregion size. Further studies analyzing the impact
of subregion size in a subsequent AMT task of selected

Figure 5. The effect of window size in the correlation co-
efficients for 5 estimator/reference value pairings.

pieces with similar spectral characteristics could provide
more information about this behaviour.

The variation of correlation caused by STFT window size
(see Fig. 5) seems to be fairly minimal for most estimators,
although with some interesting exceptions and characteris-
tics. The Shannon entropy is the only feature that presents
monotonically decreasing performance with the increase
of window size, while amplitude density seems to be the
estimator mostly favored by an increase in window size.
All other estimators are not as sensible to this variation.

Entropies in general performed better with the reference
value of the piano roll with harmonics (see Fig. 6). This
means that the introduction of decay models in the refer-
ence value actually served to (slightly) decorrelate these
estimators with the reference. This could be related to the
invariance of entropy with respect to data scaling, which
pushes the reference and estimator maps in this case apart
from each other as the reference decays. Standard devi-
ation and amplitude density presented higher correlation
with the reference value containing decay models, which
agrees with its sensitivity to scaling and the adherence of
the simple decay models to the amplitude behavior ob-
served in the spectrograms. Surprisingly, the introduction
of decay models did not improve the correlation of the
density of the dB spectrogram and the reference value.
This probably means that the linear decay models repre-
sent poorly the energy decay profiles exhibited in the dB
spectrogram of the Disklavier recordings.

It is important to note the high variance of the obtained
correlation values. Although there are noticeable and use-
ful trends in the data, this fluctuation means that the esti-
mator values should be further analyzed with caution in the
context of relevant segment classification, the performance
of which is still unclear in the presence of these fluctua-
tions. Our second experiment aims to assess this classifica-
tion performance in the context of the iterative refinement
of a multiresolution time-frequency representation.

5. DETECTION OF MUSICALLY RELEVANT
REGIONS OF THE TFP EXPERIMENT

For this experiment, all recordings from 2004 to 2015 present
in the MAESTRO dataset were utilized, totalling nearly
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Estimators Piano roll Piano roll + harmonics P. roll + harm. + decay
Rényi (amp. spec) 0.43 +- 0.08 0.51 +- 0.09 0.49 +- 0.09
Shannon (dB spec) 0.26 +- 0.05 0.34 +- 0.06 0.29 +- 0.05
Std. dev. (amp. spec) 0.51 +- 0.10 0.55 +- 0.10 0.64 +- 0.08
Std. dev. (en. spec) 0.36 +- 0.10 0.39 +- 0.10 0.50 +- 0.09
Density (amp. Spec) 0.55 +- 0.12 0.57 +- 0.14 0.66 +- 0.11
Density (dB spec) 0.48 +- 0.10 0.52 +- 0.12 0.51 +- 0.11

Table 1. Correlation results of the best performing estimator/reference value pairings, using a subregion size of 800ms per
800 cents and an STFT with an analysis window of 2048 samples. All correlations achieved significance values p < 0.05

Figure 6. The effect of introducing harmonics and decay
models in the reference values for 5 estimator/reference
value pairings.

9 hours analyzed from 1043 recordings. Once again, for
every selected recording/MIDI pair, 30 seconds were ex-
tracted from the halfway point of the performance and used
in the experiment. 80% of the dataset was used for training
and the remaining 20% for the evaluation.

From the estimator evaluation experiment, the best esti-
mators from experiment 1 according to their Pearson cor-
relation coefficient were selected, namely Rényi entropy,
standard deviation and amplitude density of the amplitude
spectrogram, and Shannon entropy and energy density of
the dB spectrogram. An STFT window of 2048 samples
was used, motivated by the results shown in Fig. 5. A sub-
region size of 800 ms per 800 cents was used while keep-
ing in mind that the utilized dataset contains piano perfor-
mances with heterogeneous spectral characteristics, and it
would not be possible to choose an ideal subregion size for
this experiment.

The first step of this experiment consisted of the train-
ing of Naive-Bayes models for the prediction of the bi-
nary piano roll reference, using the mentioned estimators
as single-feature models and every possible feature pairing
as two-feature models. In a second step, designed to test
the sensibility of each feature to the presence of harmonics,
the models were trained using a binary representation of
the piano roll with harmonics and decay models as ground
truth. The rationale for also including the piano roll with
harmonics and decay model in this experiment is not to
evaluate the model for itself, but to gain insight on whether
false positives of the binary piano roll model in step 1 could
be related to the presence of harmonics, and also to enquire

Figure 7. The effect of the threshold in transforming the pi-
ano roll with harmonics reference value into a binary one.
The piano roll with harmonics density map is shown, along
with 3 binary maps obtained using thresholds of 0, 0.04
and 0.1 respectively.

whether there are estimators that behave differently in the
identification of subregions containing harmonics.

In order to transform the reference value explained in
2.1.1 into a binary map, a “musical density” threshold had
to be chosen above which a bin was considered as a posi-
tive example of “musical activity”. If this threshold is set to
0, the presence of even the weakest harmonic would signal
a positive sample, and if it is set close to 1, only the “musi-
cally densest” regions would be counted as a positive sam-
ple (see Fig. 7). Several different thresholds were tested
leading to the results presented in the following section.

6. CLASSIFICATION RESULTS AND DISCUSSION

Among the single-feature models for the binary piano roll
prediction, the Rényi entropy performed best according to
F-Score, achieving a recall of 0.78 and precision of 0.62.
The Shannon entropy achieved a notable recall of 0.92 but
a precision of 0.42. Among the feature pairings, Shan-
non entropy and standard deviation achieved the highest F-
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Estimator F-Score Precision Recall Avg. precision
Rényi (amp.) 0.69 0.62 0.78 0.69
Shannon (dB) 0.58 0.42 0.92 0.45
Std. dev. (amp) 0.52 0.82 0.38 0.72
En. density (dB) 0.65 0.61 0.69 0.67
Rényi + Shannon 0.62 0.47 0.93 0.67
Rényi + Std. dev. 0.63 0.76 0.53 0.74
Rényi + en. density 0.66 0.55 0.83 0.67
Shannon + en. density 0.63 0.49 0.91 0.66

Table 2. Selected classification results for the trained
Naive-Bayes models using the binary piano roll as ground
truth.

Score of 0.66 and the highest accuracy of 0.76 was achieved
by the Rényi entropy and standard deviation pairing. All
notable results are shown in Table 2.

In order to interpret these results and what they mean for
a possible multiresolution representation, we must first dis-
cuss the different implications of high precision and high
recall in this setting. If a positive subregion of the TFP
is expected to be represented in higher resolution by our
algorithm, false positives can be interpreted as spending
computing power in unimportant regions, while false neg-
atives are interpreted as withholding computing power in
musically relevant regions that should be refined. Ideally,
in a TFP representation aimed at AMT, we would like to
represent in detail all regions containing musical informa-
tion, even if this means spending a bit of computing power
where this is not needed. Thus, when choosing between
features with similar F-Scores, we favor the ones with higher
recall over the ones with higher precision. Taking this into
account, our results indicate that both Rényi and Shannon
entropies are good musical information estimators.

Several thresholds were tested for the introduction of har-
monics in the ground truth label. A threshold of 0 leads to
a percentage of 78% positive training samples in relation
to all samples - in practice, nearly every region of the TFP
above 200 Hz is labeled as positive for all training sam-
ples. When using the simple piano roll with no harmonics
as ground truth, 30% of the training samples are labeled
as positive. As a middle ground, a threshold of 0.04 was
chosen (49% of positive samples). For this threshold, the
performance of the Rényi and Shannon entropies improve
(see Table 3), while standard deviation and amplitude den-
sity suffer a small drop in F-Score. The improvement in
precision of the Shannon entropy model is of special im-
portance: it means that some of the false positives detected
by the model trained with the simple piano roll were ac-
tually regions occupied by harmonics, and thus regions
that actually contained some musical information (which
would be relevant e.g. to timbre analysis).

Taking all classification results and our discussion of pre-
cision and recall into consideration, both Rényi and Shan-
non entropies present encouraging results for their usage in
an algorithm for producing a mutiresolution time-frequency
representation for tasks such as AMT and timbre analy-
sis. The pairing of both entropies, as well as the pairing of
Shannon entropy and energy density could also be useful
for this detection. These results also further validate the
usage of Rényi entropy as a time-frequency information

Estimator Recall (w. harmonics) Precision (w. harmonics)
Rényi (amp.) 0.82 (+0.04) 0.61 (-0.01)
Shannon (dB) 0.92 0.60 (+0.18)
Std. dev. (amp) 0.31 (-0.07) 0.84 (+0.02)
Amp. density (amp) 0.26 (-0.06) 0.81 (+0.03)
En. density (dB) 0.69 0.61

Table 3. Classification results using the binary piano roll
with harmonics (threshold set to 0.04) as ground truth.
In parentheses the score change in relation to the piano
roll model (without harmonics) using the same feature is
shown.

content estimator as seen in [10].

7. CONCLUSION

In this paper, two experiments investigating musical infor-
mation estimators in the TFP were conducted. We evalu-
ated the adherence of complexity estimators (entropy and
standard deviation) and intensity estimators (density of am-
plitude and energy) to different reference values relating
to tasks such as AMT and timbre analysis. The obtained
results show important distinctions in the behavior of esti-
mators in the presence or absence of decay models in the
reference values.

A binary classification experiment was conducted in or-
der to investigate the applicability of these estimators in
producing an adaptive multiresolution time-frequency rep-
resentation. Selected estimators were evaluated in the la-
beling of subregions as musically relevant or not, using two
different ground truth references taken from a piano roll,
with encouraging results. Specifically, Rényi and Shannon
entropies achieved very high recall and good F-Scores, sig-
naling their applicability as musical information estimators
and further validating their use in the context of adaptive
multiresolution time-frequency representations. Their sen-
sitivity to the presence of harmonics was also evaluated, as
well as possible feature pairings. Overall, the results show
that it is possible to detect musically relevant regions of
a TFP representation with satisfactory results using Rényi
and Shannon entropies.

Future work includes the combination of these estima-
tors with a subband processing algorithm for computing
high-resolution STFT representations of musically inter-
esting subregions. With a reliable detection mechanism,
a computationally efficient adaptive multiresolution time-
frequency representation can be obtained by iterating de-
tection and subband processing and computing high res-
olution STFT representations within subregions actually
containing relevant musical information.

Since the dataset used is comprised solely of piano per-
formances, it is also important to evaluate how well these
detection methods perform in other conditions, such as per-
formances of instruments with very different spectral char-
acteristics from the piano and more complex multi-instrument
performances.

There is also interest in considering separately the fre-
quency and time axes in our detection of relevant subre-
gions in future work. Since the inherent tradeoff between
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time and frequency resolution in the STFT motivates our
development of a multiresolution transform, a detection al-
gorithm that distinguishes between regions that contain rel-
evant time or frequency information could better guide the
refinement step towards a better representation for AMT,
representing, for instance, onset regions with higher tem-
poral resolution and melodic lines with higher frequency
resolution.
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