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Music  genre  recognition  based  on  visual  representation  has  been  successfully  explored  over  the  last
years.  Classifiers  trained  with textural  descriptors  (e.g.,  Local  Binary  Patterns,  Local  Phase  Quantization,
and  Gabor  filters)  extracted  from  the  spectrograms  have  achieved  state-of-the-art  results  on  several
music  datasets.  In this  work,  though,  we argue  that  we  can  go  further  with  the  time-frequency  analy-
sis  through  the  use  of representation  learning.  To  show that,  we  compare  the  results  obtained  with  a
Convolutional  Neural  Network  (CNN)  with  the  results  obtained  by  using  handcrafted  features  and  SVM
classifiers.  In addition,  we have  performed  experiments  fusing the  results  obtained  with learned  features
and handcrafted  features  to assess  the complementarity  between  these  representations  for  the  music
classification  task.  Experiments  were  conducted  on  three  music  databases  with  distinct  characteristics,
specifically  a western  music  collection  largely  used  in  research  benchmarks  (ISMIR  2004  Database),  a
collection  of Latin  American  music  (LMD  database),  and  a  collection  of field  recordings  of ethnic  African
music.  Our  experiments  show  that  the  CNN  compares  favorably  to  other  classifiers  in several  scenarios,
hence,  it is a very  interesting  alternative  for  music  genre  recognition.  Considering  the  African  database,

the  CNN  surpassed  the handcrafted  representations  and  also  the  state-of-the-art  by  a  margin.  In  the  case
of  the  LMD  database,  the  combination  of  CNN  and  Robust  Local  Binary  Pattern  achieved  a recognition
rate  of  92%,  which  to the  best  of  our  knowledge,  is  the  best  result  (using  an  artist filter)  on  this  dataset
so  far.  On the  ISMIR  2004  dataset,  although  the CNN did not  improve  the  state of  the  art,  it  performed
better  than  the  classifiers  based  individually  on other  kind  of features.
. Introduction

The recent literature shows that spectrograms obtained from
udio signal have been successfully applied to musical genre clas-
ification [4,7,6,55], one of the most important tasks in music
nformation retrieval (MIR). Since texture is the main visual content
ound in the spectrogram, different types of texture representa-
ions have been used to describe the content of these images, such
s Gray-Level Co-Occurrence Matrix (GLCM) [4], Local Binary Pat-
erns (LBP) [7], Local Phase Quantization [6], Gabor Filters [55,6],
nd Weber Local Descriptor (WLD) [33].
In all those works, the authors report good results most of the
ime using Support Vector Machine (SVM) classifiers or Multiple
lassifier Systems (MCS) with different fusion strategies. We  can
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also observe that in several occasions, classifiers trained with visual
representations outperform the classifiers trained with acoustic
features.

Since extracting features from the whole music piece can be pro-
hibitive due to the required processing time, the number and size
of music segments used in MIR  have also been subject of investiga-
tion. Costa et al. [3] used three segments taken from the beginning,
middle, and end parts of the music pieces. This strategy was also
adopted in [47,7,6,4,32]. George and Shamir [10] achieved good
results considering a 60 s-music segment taken from 0:30 to 1:30
of the original track. However, some databases make available only
30-s clips of the music [40], which limit the choice of size and
location of the segment.

Considering that the selected music clip contains relevant
information for a given MIR  problem, it is undeniable that the afore-

mentioned texture descriptors can offer a good representation to
train machine learning classifiers. The recent literature corrobo-
rates to that. However, some researchers advocate that the main
weakness of the current machine learning methods lies exactly on
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his feature engineering [1,21]. To them, machine learning algo-
ithms should be less dependent on feature engineering by being
ble to extract and organize the discriminative information from
he data. In other words, to learn the representation.

The idea of representation learning is not new and it can be
ound in the literature on several different flavors, such as single
ayer Learning Models, Probabilistic Models, Auto-Encoders and
onvolutional Neural Networks. A good review about representa-
ion learning can be found in [1]. Among the different methods of
earning representations, the most common are the deep learn-
ng methods, which are formed by the composition of multiple
on-linear transformations, with the goal of producing more useful
epresentations.

It has only recently emerged as a viable alternative due to
he appearance and popularization of the Graphic Processing
nits (GPUs) which are capable of delivering high computational

hroughput at relatively low cost, achieved through their massively
arallel architecture. Among the different architectures, the Con-
olutional Neural Network (CNN) introduced by LeCun in [22] has
een widely used to achieve state-of-the-art in different pattern
ecognition problems [20,34]. In the case of texture classification
t has not been different. Hafemann et al. [12] have shown that
NN is able to surpass traditional textural descriptors for images
f microscopic and macroscopic texture. In the field of content-
ased music informatics, as pointed out by Humphrey et al. [16],
esearch is dominated by hand-crafted feature design and despite
he progress in several areas community efforts are yielding dimin-
shing returns. Therefore, they advocate that MIR  can somehow
enefit of representation learning techniques.

The main contribution of this work is to investigate whether
r not there is complementarity between features learned from

 visual representation of the sound and other handcrafted fea-
ures taken directly from the audio signal or from a time-frequency
mage of the sound. For this purpose, we compare the representa-
ion learning approach with a recent variation of LBP, the RLBP [56]
nd three types of acoustic features, Rhythm Patterns (RP), Statisti-
al Spectrum Descriptors (SSD) and Rhythm Histograms (RH). The
VM classifier was used with these handcrafted features. To better
ssess the methods, western (ISMIR 2004 database) [2], Latin (Latin
usic Database) [46], and ethnic (African music database)1 music

ollections were used in this work. Classifiers were built with these
ifferent kinds of features, and their outputs were combined using

 late fusion strategy, as depicted in Fig. 1.
A set of comprehensive experiments shows that the represen-

ation learning technique compares favorably to other classifiers
n several scenarios. In the case of the LMD  dataset, the combina-
ion of CNN and RLBP achieved 92% of recognition rate, which to
he best of our knowledge, is the best result on this dataset so far
using the artist filter). Considering the ISMIR 2004 database, the
iterature shows higher accuracies by combining different types of
epresentation (e.g., visual and acoustic), however, the CNN clas-
ifier performs better than all individual classifiers trained with
isual representation. Finally, on the African database, the CNN sur-
assed the other representations and the state-of-the-art by a fair
argin.
The remainder of this paper is organized as follows: Section 2

resents the related work on content-based music informatics that
se the concept of representation learning. Section 3 describes the
usic databases used in the experiments. Section 4 describes the
and-crafted features and the CNN architecture. Section 5 presents
he classifiers used in this work, while Section 6 reports all the

1 Kindly provided by Royal Museum of Central-Africa (RMCA).
Fig. 1. An overview of the classification scheme.

experiments that have been carried out on music classification.
Finally, the last section concludes this work.

2. Related work

In 2002, Tzanetakis and Cook presented music genre classifica-
tion as a pattern recognition task [51]. In that work, the authors
assessed the classification using acoustic features extracted from
the sound on a dataset with 1000 music pieces labeled according
to 10 musical genres. The authors also introduced a comprehen-
sive set of features to describe music content (i.e. timbral texture
features, rhythmic content features, and pitch content features),
and the MARSYAS framework was  made available to the music
information retrieval research community.

Since then, the MARSYAS framework has been extensively used
to extract acoustic features. Shen et al. [44] combined multiple
acoustic features (timbre, rhythm, and pitch) extracted with the
MARSYAS framework. In a pre-processing step, the authors used
Principal Component Analysis to make a dimensionality reduc-
tion in the extracted feature vectors. After that, the features were
concatenated to form a 25-dimensional feature vector. This fea-
ture vector was used as input to a three-layer neural network in
order to perform a nonlinear dimensionality reduction. The neu-
ral network output layer had one unit for each class of the dataset.
Further, the authors performed a human musical perception inte-
gration. The authors claim about the effectiveness of their method
on music retrieval and about its novelty, since additional informa-
tion (human perception) was  included for the first time in the music
retrieval task.

In the sense of using complementary information in music
genre classification, Song and Zhang [48] proposed an informa-
tion fusion framework for distance based music genre classification
algorithms. The results obtained with such fusion performed bet-
ter than those obtained with the single feature set (i.e. timbre and
rhythm).

Valero and Alías [52] investigated the Gammatone Cepstral

Coefficients (GTCC), an audio content descriptor already used in
speech research field alternative to traditional acoustic features
(i.e. Mel  Frequency Cepstral Coefficient). The experiments were car-
ried out on general sounds and audio scenes, and they concluded
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hat GTCC is more effective than MFCC in representing the spectral
haracteristics of non-speech audio signals.

Wang et al. [54] explored the music recommendation task based
n user’s general and contextual preferences from his/her play-
ng records. For this purpose, a music embedding model was built
rom user’s historical playing sequences. The user’s historical play-
ng sequence was treated as a “sentence” and every record of music

as regarded as a “word”, which were borrowed from the Natural
anguage Processing (NLP) domain. Experiments were conducted
n a dataset collected from an online music service website, and
he authors claim that the proposed approach is effective.

Similarly to the aforementioned works, the literature shows
hat the research on content-based music informatics is dominated
y hand-crafted feature design [16,49]. However, the literature
hows different attempts of using representation learning in this
eld.

Gwardys and Grzywczak [11] used a CNN trained on the Large
cale Visual Challenge (ILSVRC) as a feature extractor. In their case,
hey did not have enough data to train a classifier, but enough data
as available in another domain of interest where the data could

e in a different feature space or follow a different data distribution.
an and Yang [36] showed that this knowledge transfer, also known
s transfer learning, if done successfully, would greatly improve
he performance of the learning algorithm hence avoid expensive
ata-labeling efforts. In [11], the authors generated three images
f frequency spectrogram for each music track: one for the original
usic, one for the harmonic content and one for the percussive

ontent. A 4096-dimensional vector was computed for each image
sing the CNN and three SVM were trained, one for each image.
he final decision was provided by combining the SVM scores. They
valuated their work on five classes of the GTZAN dataset [51] and
chieved an accuracy of 78%. In [43], the authors presented EMIF, an
ntelligent indexing framework designed to facilitate scalable and
ccurate content based music retrieval. In the indexing module,
he authors generated a music signature using deep learning to
ombine various low-level acoustic features.

Sigtia and Dixon [45] trained a neural network with rectified
inear units (ReLUs) using Stochastic Gradient Descent (SGD). They
sed the activations of the hidden layers of the neural networks
s features and trained a Random Forest classifier on top of these
eatures to predict the classes. The authors validated their ideas on
wo datasets, GTZAN and ISMIR 2004. In the former, they reported
n accuracy of 83% while in the latter the best performance was
4.4% of recognition rate.

Nakashika et al. [31] presented a different approach. Instead of
sing the spectrogram images to train the CNN, they used Gray-
evel Co-occurrence Matrices (GLCM) calculated from the Mel  map.
ccording to the authors, the GLCM has more efficient features for
enre classification than the normal spectrogram. This architecture
as assessed on 10 classes of the GTZAN dataset and reached 72%

f accuracy, which does not compare to the state-of-the-art.
Feng [8] explored a 5-layer Restricted Boltzman Machine (RBM)

n the GTZAN database. In [8] the 30-second audio file was repre-
ented by 2080 length of MFCC features. The best result reported
n this work, 61% of recognition rate is quite far from the state-of-
he-art, though.

Following a similar approach, Li et al. [24] also used feature
earning to train the classifier. Instead of an RBM, the authors have
mployed a CNN with three convolutional layers to learn the rep-
esentation. Then, the CNN was used as feature extractor to train

 variety of decision tree classifiers available in the WEKA frame-
ork. Combining those classifiers using the majority voting rule
he authors reported a classification accuracy of 84% on the GZTAN
ataset. In [14], the authors applied a Deep Belief Network (DBN) on
iscrete Fourier Transforms (DFTs) of the audio for representation

earning. Experiments were conducted on the GTZAN dataset and
omputing 52 (2017) 28–38

the reported results were very encouraging, around 84% accuracy
in the best scenario.

Still in the context of content-based music informatics, we found
some research on representation learning in other applications
such as chord recognition [17], and music onset detection [41]. In
[17], the authors argue that representation learning using CNN is a
viable alternative to the traditional approach of classifying short-
time features and relying on post-filtering to smooth the results
into a musically plausible chord path. Their experimental results
corroborate to their initial hypothesis. Schluter and Bock [41] com-
pared Recurrent Neural Networks (RNN) and CNN in the context
of musical onset detection, which consists in finding the start-
ing points of musically relevant events in audio data. They show
that CNN perform comparable to the RNN with less manual pre-
processing, but at higher computational cost. Finally, Hamel et al.
[15] performed automatic annotation and ranking of music audio
by analyzing the impact of the selection of pooling functions for
summarization of the features over time.

3. Music databases

Since 2002, when Tzanetakis and Cook [51] presented music
genre classification as a pattern recognition task, the focus of the
research on this subject has been put preponderantly on music
datasets from the western culture. However, some intriguing ques-
tions about the feasibility of using the proposed approaches on
different cultural scenarios remain open. Although some authors,
such as Lidy et al. [25] and Lee et al. [23], have done some effort
in this direction, there is still a lack of investigations aiming to
bring answers to these questions. For this reason, in this work we
have decided to make the experiments on three quite different
databases: a traditional western database (i.e. ISMIR 2004); a Latin
Music Database (i.e. LMD), with some genres taken from countries
with very similar cultural aspects; and the third one, an African
music collection, whose recordings were collected in the field and
did not use any studio resources. To make this work self-contained,
we describe these three datasets in the following sub-sections.

3.1. Latin Music Database

The Latin Music Database (LMD) [46] contains 3227 full-length
music pieces of 501 different artists. The database is uniformly
distributed along 10 musical genres: Axé, Bachata, Bolero, Forró,
Gaúcha, Merengue, Pagode, Salsa, Sertaneja, and Tango. The dataset
brings together many genres with a significant similarity among
themselves with regard to instrumentation, rhythmic structure,
and harmonic content. Hence, the attempt to discriminate these
genres automatically is particularly challenging.

In this database, music genre assignment was manually made
by a group of human experts, based on the human perception on
how the music is danced. The genre labeling was performed by two
professional teachers with over ten years of experience in teaching
ballroom Latin and Brazilian dances. The project team did a second
verification in order to avoid mistakes. The professionals classified
around 300 music pieces per month, and the development of the
complete database took around one year.

In our experiments we have used the protocol proposed in [30],
which considers 900 music pieces from the LMD  split into 3 folds of
equal size (30 music pieces per genre). The splitting is done using
an artist filter [9], which places the music pieces of an specific artist
exclusively in one, and only one, fold of the dataset. The use of the

artist filter does not allow us to employ the whole database since
the distribution of music pieces per artist is far from uniform. It is
worth mentioning that the artist filter makes the classification task
harder.
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Fig. 2. Mel scale zoning superim

Table 1
Classes and number of samples in the ISMIR 2004 dataset.

Classes Samples

Classical 640
Electronic 229
Jazz/Blues 52
Metal/Punk 90
Rock/Pop 203
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Total 1458

.2. ISMIR 2004

The ISMIR 2004 [2] dataset contains 1458 music pieces divided
nto training (50%) and testing (50%). It was proposed for the

usic information retrieval contest organized by the Music Tech-
ology Group of Pompeu Fabra University and it is composed of
usic pieces of six different genres: classical, electronic, jazz/blues,
etal/punk, rock/pop, and world. The distribution is not uniform,

nd the training and test sets are predefined. It was not possible
o use artist filter with this database because there is no informa-
ion about the performing artist of each music piece. The number of
amples per class in the ISMIR 2004 dataset is reported in Table 1.

.3. African music database

As mentioned before, we have decided to present in this work
 comprehensive study regarding the characterization of musical
ontent using spectrograms. For this reason, we also used the col-
ection of African music of the Royal Museum of Central-Africa
RMCA)2 in Belgium, kindly provided by the museum. The music
ieces of this database are not previously classified in terms of
enre. Genre is a typical musical attribute in western music collec-
ions, but it is not necessarily true when we consider non-western

usic collections. In the African music database, the music pieces
an be classified according to different categories such as country,
unction, ethnic group or instrumentation.

The choice of this database was based on the fact that the charac-
eristics of the musical content in this collection are quite different
hen compared with typical western music databases. By using

his database we can verify the feasibility of the visual-spectrogram
echnique in music classification tasks in different scenarios.

The experiments using the African music database were carried
ut using 10-fold cross-validation. In order to ensure that all the
olds had at least one music piece of each class, we have discarded

he classes in which there were not at least 10 music pieces consid-
ring each different classification type (i.e. country, function, ethnic
roup, and instrumentation). Table 2 describes the number of music

2 http://www.africamuseum.be.
posed over a spectrogram.

pieces per class according to the different types of categories of each
class in all the classification types of the African collection.

4. Feature extraction

In order to perform the visual feature extraction, we need to
represent the original audio signal in the visual domain. For this
reason, we have built spectrograms from the audio signal content.
In all cases, we have used only one audio channel. The audio sample
size is 16 for both LMD  and ISMIR 2004. Regarding the bit rate, and
audio sample size, the LMD  and the ISMIR 2004 databases do not
have the same values considering the original form in which they
are available. The bit rate in the LMD  is equal to 352 kbps, while
in the ISMIR 2004 it is equal to 706 kbps. The audio sample rate in
the LMD  is 22.05 kHz, while in the ISMIR 2004 it is 44.1 kHz. In the
African music database the audio files technical features are not
standardized, since these recordings were taken in the field along
many years. However, we  have noticed that in the music pieces
of this database the bit rate ranges from 705 kbps to 1536 kbps,
and the audio sample rate is always of 44.1 kHz. In all cases, the
Discrete Fourier Transform was  computed with a window size of
1024 samples using the Hann window function which has good
all-round frequency-resolution and dynamic-range properties.

Having in mind the good results achieved by George and Shamir
[10], where they used a single 60 s-music segment taken from
0:30 to 1:30 of the original track, we  have decided to adopt the
same strategy. It should be noted that not all songs in the different
databases have a duration of at least 90 s. Therefore, in order to use
as many songs as possible from the different databases the follow-
ing strategy was adopted. For music pieces with more than 60 s and
less than 90 s, we consider the 60-s around the middle point of the
music (i.e. from the middle −30 to middle +30). For music pieces
with less than 60 s, we  took the whole music piece content. In the
next subsections we  describe both hand-crafted features and also
the CNN architecture used to learn the representation.

4.1. Hand-crafted features

Regarding the hand-crafted features, two  different types of
descriptors were used. The first one is the Robust LBP (RLBP), a
variation of LBP that has been successfully applied to different tex-
ture problems [56]. The second is a family of acoustic features that
has been successfully applied to the African music database.

4.1.1. RLBP
The hand-crafted features taken in the visual domain were
obtained considering a Mel-scale zoning of the images, as made in
[7]. The Mel  scale represents the frequency bands according to the
human perception. Fig. 2 shows this division superimposed over a
spectrogram image used in this work.

http://www.africamuseum.be
http://www.africamuseum.be
http://www.africamuseum.be
http://www.africamuseum.be
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Table 2
Classes and number of music pieces in the African music collection.

Country Ethnic Function Instrumentation

Burundi 17 Agni 18 Birth 19 Aerophone 56
Congo  DRC 479 Dagomba 28 Cattle 44 Aerophone+ 12
Ethiopia 25 Fanti 14 Court 45 Idiophone
Gabon  11 Hutu 29 Dance 112 Aerophone+ 19
Ghana  42 Luba 348 Entertainment 178 Idiophone+
Ivory  Coast 18 Mbuti 18 Festive 48 Membranophone
Republic of 18 Ntandu 12 Funeral 21 Cordophone 152
the  Congo Sala 59 Historical 25 Cordophone+ 27
Rwanda 402 Mpasu Hunting 68 Idiophone
Senegal 10 Tutsi 36 Lullaby 21 Idiophone 253

Twa 49 Mourning 26 Idiophone+ 147
Wolof 10 Narrative 72 Membranophone

Praise 54 Membranophone 36
Religious 14
Ritual 79
Transmitting 21
Message
War  22
Wedding 22
W

Total 1022 Total 621 T

Fig. 3. Original LBP operator, extracted from [29].
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invariant representation of the 24 critical bands. A gradient filter
Fig. 4. Non-uniform LBP taken as uniform patterns in RLBP.

LBP has been one of the most powerful and successful texture
escriptors used in works described in the literature in the last ten
ears. With LBP, a binary pattern is taken from each pixel of the
mage. The binary code is built considering the differences between
he pixel and its equally spaced neighbors according to previously
efined distance. In this case, if the difference between the pixel
nd a neighbor is bigger or equal to 0, the position in the binary
ode is set to 1, otherwise it is set to 0. Fig. 3 illustrates this process,
n which the LBP is calculated by thresholding a 3 × 3 neighborhood
f the central pixel.

In [35], the authors presented the concept of uniform LBP
here a LBP is considered uniform if the number of transac-
ions from 0 to 1, or from 1 to 0, in the binary code is less
han or equal to 2, considering that the code is seen as a cir-
ular list. For example, the LBP code seen on the left side of
ork 13

otal 904 Total 702

Fig. 4 is a non-uniform pattern. According to Ojala et al. [35], uni-
form patterns provide better results because of their statistical
properties.

Despite the good performance of LBP, researchers have contin-
ued looking for novel ways to improve it. In the work of Chen et al.
[56] the Robust Local Binary Pattern (RLBP) is presented. In the case
of the RLBP, Chen et al. considered a more flexible concept of uni-
formity. They claim that if there is one, and only one, value in the
binary code which makes the LBP non-uniform, it is possibly caused
by some noise and, for this reason, it must be considered as a uni-
form pattern. Fig. 4 shows a non-uniform LBP code that must be
taken as uniform codes in RLBP.

Recent works have shown that RLBP is able to achieve better
results than LBP in some circumstances [56]. In this work, as far as
we know, RLBP is used for the first time to describe the textural
content of the spectrogram for the task of music content catego-
rization.

4.1.2. Acoustic features
In this work we have employed three different feature sets

that extract features from the audio signals, namely Rhythm Pat-
terns (RP), Statistical Spectrum Descriptors (SSD) and Rhythm
Histograms (RH).

The Rhythm Patterns (RP) were originally proposed in [38] and
enhanced in [39] to incorporate psycho-acoustic models [57]. In
order to extract the RPs, the audio signal is segmented into a series
of 6 s sequences and a spectrogram is generated using the short
time fast Fourier transforms (STFT) with a Hanning window func-
tion of 23 ms  and 50% overlap. After the spectrogram is generated,
the Bark scale [57] is used to aggregate the critical band frequen-
cies of the spectrogram into 24 frequency bands. The spectrum
energy values of the Bark scale critical bands are then transformed
into the Decibel scale (dB) to compute the loudness level curves
(using the Phon scale) and the specific loudness sensation per crit-
ical band (using the Sone scale). These processing steps produce a
Bark scale Sonogram that reflects the specific loudness sensation of
an audio segment by the human ear [25]. A fast Fourier transform is
then applied to the Bark scale Sonogram in order to obtain a time-
and Gaussian smoothing are then applied to improve the similarity
between the rhythm patterns. The final feature matrix is obtained
by computing the median of segment wise rhythm patterns.
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Fig. 5. Spectrogra

The Statistical Spectrum Descriptors (SSD) also employ the Bark
cale to aggregate the critical band frequencies into 24 frequency
ands. For each frequency band, it computes the statistical mea-
ures of mean, median, variance, skewness, kurtosis, min-value and
ax-value.
The Rhythm Histogram (RH) contains 60 bins, one for each mod-

lation frequency between 0 Hz and 10 Hz, and the value of each
in is computed by summing the corresponding modulation ampli-
ude value of each of the 24 critical frequency bands of the Bark scale
pectrogram.

.2. Representation learning

In spite of the growing popularity of the CNN, it has some
onstraints. First, it does not deal quite well with high-resolution
mages and second, it requires a certain amount of samples for
raining due to the huge number of parameters that must be
djusted during the training phase. To deal with these problems,
e first downscale the high-resolution spectrogram images in 50%

nd then split the image into several patches (sub-images). The
esized image has 256 × 800 pixels.

Then, the resized image can be divided into several patches of
56 × 16 depending on the overlap between patches. Fig. 5 shows
he patches extracted from spectrogram with no overlap.

The deep neural network architecture used in this study was
ased on the model that achieved high levels of accuracy on differ-
nt pattern recognition tasks. In summary, it contains repeated use
f convolutional layers with 64 filters followed by max-pooling lay-
rs as used in Hafemann et al. [12]. A fully connected layer at the end
s responsible for the classification. The architecture is illustrated
n Fig. 6.

The input is a patch of 256 × 16. The convolutional layers have
rainable filters that are applied across the entire image. The def-
nition of the layers includes the filter size and stride (distance
etween the application of the filters). If the stride is smaller than
he filter size, the filter will be applied in overlapping windows. In
his study, the best results were achieved using 5 × 5 kernels with
tride 1.

The pooling layers implement a linear downsampling function
o reduce dimensionality and capture small translation invariances.
n our experiments, different kernels and strides were used but
he best results always were achieved with window size 2 × 2 and
tride 2. Similarly to [12], the fully-connected layers are the stan-
ard for neural networks and connect, using unshared weights, all
he neurons from one layer to the next one. In this case, it uses
oftmax activation.

Given the nature of the spectrogram image, it makes sense using
ernels wide in time and narrow in frequency as in [17,41]. We
ave tried this kind of strategy, but the architecture of Fig. 6 with

quared filters produced better results in our experiments. One of
he advantages of using a representation learning approach is not
equiring the design of feature extractors by a domain expert, but
nstead let the model learn them.
ided into patches.

The CNN was  trained using the Stochastic Gradient Descent
(SGD) using back-propagation with for 80 epochs mini-batches
of 128 instances, momentum factor of 0.9 and weight decay of
5 × 10−4. The learning rate is set to 10−3 in the beginning to make
the weights quickly fit the long ravines in the weight space, then
it is reduced over the time (until 5 × 10−4) to make the weights fit
the sharp curvatures. The network makes use of the well known
cross-entropy loss function.

In order to monitor the generalization performance and select
the best training model, we  have divided the original training set
into training set (70%) and validation set (30%). During training,
the performance of the network on the training set will continue
to improve, but its performance on the validation set will only
improve to a point, where the network starts to overfit the train-
ing data, that the learning algorithm is terminated. To implement
the CNN models we have used the Caffe framework [18] on a Tesla
C2050 GPU.

5. Classification

The classification with hand-crafted features was performed
using Support Vector Machine (SVM), presented by Vapnik in [53].
SVM was chosen based on our previous works on music genre
recognition [4,7,6,5]. SVM is the classifier that provides the best
results, hence, it has been selected for our experiments in this
work. The normalization was done so that each attribute value
ranges from −1 to +1. The results presented here were obtained by
using a RBF kernel, where the parameters C and � were determined
through a grid search.

Regarding the three acoustic features investigated in this work,
one feature vector was  extracted from each audio sample. The RH
feature dimensionality is 60, the RP feature vector dimensionality
is 1380, and the SSD feature vector dimensionality is 161.

The classification with visual features was performed as
described in the following: firstly, the 60-s segment of the audio
signal was converted into a visual representation (spectrogram).
Following, feature vectors were extracted considering the subwin-
dows depicted in Fig. 2. In this way, one 59-dimensional RLBP
feature vector is taken from each subwindow and a unique SVM
is built for each subwindow. After that, each classifier provides one
prediction for each class. Thus, we used some well-known fusion
rules, presented by Kittler et al. [19], in order to get the combination
of the classifiers outputs. The fusion rules used were Sum, Product,
Max, and Min. As described in Section 6, one can see that, in general,
Sum or Product rules provided better results.

The subwindowing strategy is based on the fact that by zoning
the images we  can preserve some useful local information that can
potentially help to better discriminate different music genres. As
claimed in [7], by zoning the images we can extract local informa-

tion and try to highlight the specificities of each music genre. The
reason for this is that classifiers specialized in specific regions of
the image are more able to capture specificities, at times related to
instruments, at times related to rhythmic patterns. Fig. 7 presents
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Fig. 6. The deep Convolutional Neural Network architecture.
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Table 3
Recognition accuracy (%) with standard deviation (�) and F-measure (%) individually
obtained using each kind of feature on the LMD  dataset.

Feature 1st-level fusion Accuracy (%) F-measure (%)

Acoustic
RH – 52.0 ± 2.3 51.2
RP – 67.0 ± 1.0 66.9
SSD – 63.3 ± 0.7 63.2
Fig. 7. Spectrograms of different music genres of LMD  (Axé in the top

wo spectrograms taken from different music genres but with high
imilarity between the texture content at low frequencies.

Since the models are trained on image patches, a strategy to
ivide the testing images into patches is necessary. In this work,
e have applied the same strategy used for creating images for

raining (with no overlap). During classification, the CNN assigns a
robability for each possible class given a patch image. Those prob-
bilities can be combined in several different ways. In our study, the
est results were always produced by the Sum rule. Therefore, the
rediction for a given test image is the class that maximizes the
um of the probabilities on all patches of the image.

. Experimental results

The following subsections present the experiments carried out
n the three databases introduced in Section 3. For each database
e present the performance for each representation and also the

ombination of these representations using a late fusion strategy.
n all cases, the performances were assessed with accuracy and F-

easure.
Remember that the performance of the RLBP and CNN is a com-

ination of several individual decisions. In the case of the RLBP,

5 SVMs (one for each frequency band in the Mel  scale) are com-
ined to produce a final decision using some well-known fusion
ules, with low computational cost, presented by Kittler et al. [19],
s pointed out in Section 5. In the case of the CNN the final decision
Visual
CNN Sum 83.0 ± 2.2 83.6
RLBP Product 87.4 ± 1.1 87.5

is provided by combining the classification result for each image
patch.

To avoid any confusion, in the following subsection we refer to
this fusion as 1st-level fusion. The late fusion, where different clas-
sifiers and representations are combined, is referred to as 2nd-level
fusion. In the case of 2nd-level fusion, we  have assessed differ-
ent fusion rules (presented in Section 5) but the best results were
always produced by the Sum or Product rules.

6.1. Results on LMD

Table 3 shows the results obtained on the LMD  dataset consider-
ing each kind of hand-crafted feature (both acoustic and visual) and

the results obtained with CNN. As stated previously, the cross vali-
dation was  carried out with factor 3 in the experiments on the LMD
because we decided to apply the artist filter. Taking into account
that the number of music pieces per artist is not balanced in this
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Table  4
State-of-the-art on the LMD  database using the artist filter.

Authors Features Accuracy (%)

Lopes et al. [28] Acoustic with instance
selection

59.6

Hamel [13] Principal Mel-spectrum
Components

82.3

Costa et al. [7] Visual features (LBP) 82.3
Nanni et al. [33] Visual (LPB-HF, LBP,

RICLBP) and Acoustic
(MFCC, DFB, OSC)

85.1

Nanni et al. [33] Visual features
(LPB-HF, LBP, RICLBP)

86.1

Table 5
Recognition accuracy (%) with standard deviation (�) and F-measure (%) obtained
on  the LMD  dataset by combining different representations.

Representations 2nd-level fusion Accuracy (%) F-measure (%)

RP, RH, SSD Sum 68.1 ± 2.4 67.9
RP,  CNN, RLBP Sum 91.1 ± 0.6 90.9
SSD, CNN, RLBP Sum 91.1 ± 1.3 91.2
RH,  CNN, RLBP Sum 91.2 ± 1.5 91.3
CNN, RLBP Product 92.0 ± 1.6 92.0
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Table 6
Wilcoxon Signed Rank Test (p-values for  ̨ = 0.05) comparing CNN-RLPB against
all  single classifiers reported in Table 3 and combinations reported in Table 5. (+)
Indicates statistical difference and (−) no difference.

Strategy Representation p-Value (  ̨ = 0.05)

Single
classifiers

RH 0.000001 (+)
RP 0.000001 (+)
SSP 0.000001 (+)
RLBP 0.033901 (+)
CNN 0.004215 (+)

Combinations

RP, RH, SSH 0.000001 (+)
RP, CNN, RLBP 0.350300 (−)
SSD, CNN, RLBP 0.466900 (−)
RH, CNN, RLBP 0.422200 (−)

Table 7
Confusion matrix (%) of the best result on LMD.

(0) (1) (2) (3) (4) (5) (6) (7) (8) (9)

(0) Axé 92.2 0.0 1.1 0.0 4.4 0.0 1.1 0.0 1.1 0.0
(1)  Bachata 0.0 98.9 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(2)  Bolero 0.0 0.0 96.7 0.0 1.1 0.0 0.0 0.0 1.1 1.1
(3)  Forró 1.1 0.0 4.4 71.1 13.3 0.0 3.3 2.2 4.4 0.0
(4)  Gaúcha 4.4 0.0 2.2 0.0 91.1 0.0 0.0 0.0 2.2 0.0
(5)  Merengue 1.1 0.0 0.00 0.0 0.0 98.9 0.0 0.0 0.0 0.0
(6)  Pagode 1.1 0.0 3.3 0.0 2.2 0.0 90.0 2.2 1.1 0.0
(7)  Salsa 1.1 0.0 5.6 0.0 0.0 0.0 0.0 93.3 0.0 0.0
(8)  Sertaneja 2.2 0.0 4.4 0.0 3.3 0.0 0.0 0.0 90.0 0.0
(9)  Tango 0.0 0.0 1.1 0.0 1.1 0.0 0.0 0.0 0.0 97.8

Table 8
Recognition accuracy (%) with standard deviation (�) and F-measure (%) individually
obtained using each kind of feature on the ISMIR 2004 database.

Feature 1st-level fusion Accuracy (%) F-measure (%)

Acoustic
RH – 63.4 58.5
RP – 73.5 71.9
SSD – 76.8 76.4

Visual
CNN Sum 85.9 86.3
RLBP Sum 83.4 82.5

Table 9
Recognition accuracy (%) with standard deviation (�) and F-measure (%) obtained
on  the ISMIR 2004 dataset by combining different representations.

Representations 2nd-level fusion Accuracy (%) F−measure (%)

RP, CNN, RLBP Sum 83.8 85.9
RH,  CNN, RLBP Sum 85.3 84.7

the best results obtained by combining the outputs of the classifiers
based on CNN and hand-crafted features.
ataset, it was not possible to create more than three-fold. The
esults described here refer to the three folds average.

The best result (87.4% accuracy) was achieved by SVM trained
ith RLPB, followed by the CNN with 83% (accuracy). Comparing

hese results with the state-of-the-art (Table 4) we may  notice that
he RLBP outperforms all the methods reported in the literature
hat use artist filter. The classifiers trained with acoustic features,
n the other hand, produced very poor performance compared to
he classifiers trained with visual features.

By analyzing the confusion matrices, we noticed some comple-
entarity between the classifiers based on different features, given

hat the classification errors were not necessarily the same. With
hat in mind, we decided to combine the results obtained individ-
ally using a late fusion strategy. Table 5 shows the best results
btained by fusing the outputs of the classifiers reported in Table 3.

The results presented in Table 5 show that better accuracy rates
an be obtained by combining the classifiers based on both visual
epresentations. When combined, these two representations are
ble to surpass the best result reported in the literature (Table 4) in
bout six percentage points. To the best of our knowledge, this is the
est result obtained on the LMD  using the artist filter. The addition
f the classifiers trained with acoustic features in the combination
id not bring any improvement given their poor performance on
he LMD  dataset.

To better analyze these results, we performed the Wilcoxon
igned Rank Test. It shows that both RLBP and CNN are better
han the classifiers trained with acoustic features, but there is no
tatistical difference between RLBP and CNN (p-value = 0.2377 for

 = 0.05). The combination CNN-RLBP is significantly better than all
ingle classifiers reported in Table 3 and also better than the com-
ination of all acoustic features reported in Table 5. Table 6 shows
he p-values found during the Wilcoxon Signed Rank Test when
omparing the CNN-RLBP with significance level  ̨ = 0.05.

Table 7 presents the confusion matrix of the best result reported
n Table 5. By analyzing the confusion matrix presented in Table 7,
t can be seen that the bigger occurrence of confusion is from Forró
3) with Gaúcha (4), two Brazilian music genres. These genres are
ery popular in Brazil and their rhythmic and timbral content have
oticeable similarities, which might explain such confusions.
CNN, RLBP Product 86.6 87.1
SSD, CNN, RLBP Product 86.7 86.6

6.2. Results on ISMIR 2004

As described in Section 4, we  have used an adaptable signal
segmentation strategy. This strategy was particularly important to
allow the usage of the whole ISMIR 2004 dataset in the experiments,
since there are music pieces with less than 90 seconds duration in it.
Table 8 shows the results individually obtained using each kind of
feature. In this case the best result, 85.9% (accuracy), was achieved
by the CNN, followed by the SVM trained with the RLBP, 83.4%
(accuracy). Similarly to the experiments on the LMD, the acoustic
features were outperformed by the visual features.

Differently from the experiments on the LMD, the combination
of different representations brought a slight improvement com-
pared to the best classifier. This behavior may  be explained by the
fact that all classifiers make quite similar mistakes. Table 9 presents
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Table 10
Confusion matrix (%) of the best result on the ISMIR 2004 dataset.

(0) (1) (2) (3) (4) (5)

(0) Classical 99.4 0.0 0.0 0.0 0.0 0.6
(1)  Electronic 3.5 88.6 0.0 0.0 4.4 3.5
(2)  Jazz/blues 15.4 3.8 69.2 0.0 3.8 7.7
(3)  Metal/punk 0.0 0.0 0.0 73.3 24.4 2.2
(4)  Rock/pop 7.8 3.9 0.0 2.0 84.3 2.0
(5)  World 28.7 7.4 0.0 0.0 1.6 62.3

Table 11
State-of-the-art on the ISMIR 2004 dataset.

Authors Features Accuracy (%)

Sigtia and Dixon [45] Representation Learning 74.4
Costa et al. [7] Visual features (LBP) 80.6
Nanni et al. [33] Visual features (LPB-HF, LBP,

RICLBP, LPQ)
82.9

Seyerlehner et al. [42] Acoustic features 88.3
Lim et al. [27] Acoustic features 89.9
Nanni et al. [33] Visual (LPB-HF, LBP, RICLBP) 90.2
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Table 12
Recognition accuracy (%) with standard deviation (�) followed by F-measure (%)
individually obtained using each kind of feature on the African music database.

Features Country Ethnic Function Instrumentation

Acoustic

RH 64.1 ± 2.4/ 62.4 ± 3.7/ 26.0 ± 3.5/ 44.7 ± 4.9/
61.4 54.2 18.6 39.1

RP 78.1 ± 2.4/ 80.2 ± 6.1/ 39.1 ± 4.2/ 63.7 ± 4.6/
76.9 79.1 35.2 60.1

SSD 84.1 ± 3.4/ 87.1 ± 3.4/ 49.1 ± 2.3/ 70.6 ± 4.7/
83.5 87.0 46.3 68.4

Visual

CNN 92.9 ± 0.5a/ 93.9 ± 0.7a/ 61.6 ± 2.2a/ 75.9 ± 1.3a/
93.2a 93.4a 63.0a 78.0a

RLBP 88.0 ± 1.7b/ 88.2 ± 4.8c/ 49.1 ± 3.8b/ 72.5 ± 5.5a/
86.0b 87.9c 44.9b 68.8a

a Sum fusion rule in 1st level.
b Max fusion rule in 1st level.
c Min fusion rule in 1st level.

Table 13
Wilcoxon Signed Rank Test (p-values for  ̨ = 0.05) comparing the CNN against all
other classifiers for the African music database. (+) indicates statistical difference.

Task Classifiers

RH RP SSD RLBP

Country 0.000090 (+) 0.000090 (+) 0.000122 (+) 0.000364 (+)
Ethnic 0.000090 (+) 0.000090 (+) 0.000289 (+) 0.010519 (+)
Function 0.000091 (+) 0.000091 (+) 0.001388 (+) 0.001793 (+)
Instrum. 0.000090 (+) 0.000090 (+) 0.000289 (+) 0.022537 (+)

Table 14
Recognition accuracy (%) with standard deviation (�) followed by F-measure (%)
obtained on the African database by combining different representations. The prod-
uct rule was  used as 2nd level fusion rule in all cases.

Features Country Ethnic Function Instrumentation

RH, CNN, RLBP 90.4 ± 0.7/ 90.1 ± 2.0/ 58.3 ± 1.0/ 72.5 ± 1.5/
91.9 91.2 59.5 76.2

RP,  CNN, RLBP 91.6 ± 0.6/ 92.7 ± 0.8/ 57.3 ± 2.0/ 72.9 ± 1.7/
92.7 93.3 60.2 76.6

SSD, CNN, RLBP 91.4 ± 0.8 93.1 ± 0.8 58.2 ± 1.7 73.1 ± 2.3
92.3 93.4 60.0 77.4
and Acoustic (DBF, OSC)

By analyzing the obtained results, it can be seen that the best
esults were obtained by the classifiers based on visual features
CNN and RLBP). The best results with or without the use of any
lassifier based on acoustic feature are practically the same. These
esults are confirmed by the Wilcoxon Signed Rank Test, which
hows that both CNN and RLPB are statistically better than the
lassifiers trained with acoustic features, but there is no statis-
ical difference between the CNN and RLBP (p-value = 0.2575 for

 = 0.05), neither between the best combination (SSD, CNN, RLBP)
nd CNN (p-value = 0.5530 for  ̨ = 0.05) or RLPB (p-value = 0.2575
or  ̨ = 0.05).

Table 10 presents the confusion matrix of the best result
eported in Table 9. It shows that Jazz/Blues and World music are
ery often confused with Classical. Besides, there is a lot of room
or improvement between Metal/punk and Rock/pop. These confu-
ions may  be explained in part by the distribution of the database,
hich is far from uniform (Table 1).

The best results on the literature for the ISMIR 2004 dataset are
resented in Table 11. The highest performance achieved on this
ataset is reported by Nanni et al. in [33], which uses a combina-
ion of weighted classifiers trained with textural features and an
nsemble of SVMs combined with Random Space Adaboost trained
ith acoustic features.

Such a combination is able to reach an accuracy of 90.2%. The
verage performance of the individual classifiers, though, is 80%,
.e., significantly lower than the performance achieved by the CNN.
his shows that the CNN is a viable alternative for music genre
ecognition and can be further explored to build robust ensembles
f heterogeneous classifiers.

Here it is worth mentioning that Panagakis et al. [37] report
n accuracy of 94.3% for this database, however, as pointed out
y Sturm [50], these results arise from a flaw in the experiment

nflating accuracies from around 60%.

.3. Results on African music database

As mentioned before, the musical content in this collection is
uite different from the typical western music databases, which
akes it an interesting dataset to assess the power of representa-
ion learning. Table 12 describes the results obtained on the African
thnic music collection for the four different classification tasks:
ountry, ethnic, function, and instrumentation.
CNN, RLBP 93.0 ± 0.8/ 93.2 ± 1.2/ 60.9 ± 1.2/ 76.5 ± 1.5/
93.5 93.3 62.2 78.5

The adaptable signal segmentation strategy used here
(described in Section 4) was important to avoid discarding
several music pieces (that have less than 60 s) from this database.

Differently from the two  previous experiments where the
classifiers trained with acoustic features reached quite poor perfor-
mances, in this dataset they achieve an accuracy comparable to the
classifier trained with RLBP. This corroborates with the hypothesis
pointed out by Lidy et al. [25] that ethnic music has some pecu-
liarities. Table 12 also shows that the CNN outperforms all other
classifiers in all classification tasks of the African music database,
what lead us to conclude that representation learning is a promis-
ing strategy to deal with such peculiarities. Such good performance
is corroborated by the Wilcoxon Signed Rank Test reported in
Table 13, which indicates statistical difference among the CNN and
all other classifiers for all the different classification tasks of the
African music database.

On the other hand, the big gap among the performance of the
classifiers did not allow the 2nd-level fusion to further improve the
results. On the contrary, in some tasks, such as Ethnic and Function,
the 2nd-level fusion decreased the accuracy. The results of the 2nd-
level fusion are presented in Table 14, where all the results were

obtained with the product rule.

Table 15 presents the results on the African music collection
already published in the literature. Note that the results reported
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Table  15
State-of-the-art on the African music collection.

Features Accuracy (%)

Country
Lidy et al. [25] Acoustic Hybrid-SSD 82.2
Lidy et al. [26] Acoustic RP, RH, SSD, 89.0

MVD, TRH, TSSD

Ethnic group
Lidy et al. [25] Acoustic Hybrid-TSSD 88.6
Lidy et al. [26] Acoustic RP, RH, SSD, 83.0

MVD, TRH, TSSD

Function
Lidy et al. [25] Acoustic Hybrid-SSD 48.3
Lidy et al. [26] Acoustic RP, RH, SSD, 54.8

MVD, TRH, TSSD

Instrumentation
Lidy et al. [25] Acoustic TSSD 69.1
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n this work are, in all the cases, better than those reported in the
iterature.

. Conclusion

In this work we have evaluated the Convolutional Neural
etwork for music content characterization using three music
atabases with distinct characteristics. Our experiments have
hown that the CNN compares favorably to other classifiers in sev-
ral scenarios. On the African music database the CNN surpassed all
he results reported in the literature while in the LMD  database, the
ombination of a CNN with an SVM trained with RLBP achieved 92%
f recognition rate, which is to the best of our knowledge, the best
esult (using the artist filter) on this dataset so far. In the ISMIR 2004
atabase, the CNN did not improve the state-of-the-art, but when
ompared to all individual classifiers, it performed better than all
f them.

The good performance of the CNN, compared to the classifiers
rained with hand-crafted features, can be explained by the robust
epresentation that it is capable to learn from the data. Even in
he cases where the CNN is outperformed by the hand-crafted fea-
ures, such as RLBP, it brings some complementarity, which can
e attested by the results produced through the combination of
epresentation learning and hand-crafted features.

All those results support the hypothesis that representation
earning using deep learning is a viable alternative for automatic
eature engineering for music content characterization, which has
een dominated over the last years by hand-crafted feature design.
e  believe that further investigation of different architectures of

NN or other approaches can bring some improvements to the
eld of music genre recognition and music information retrieval

n general. As future work, we will explore techniques of data aug-
entation for spectrogram images, since it is well known that deep

earning techniques such as CNN are highly dependent on large
raining sets. We  also aim to make investigations on other datasets,
elated to other music classification tasks, like artist recognition and
ood classification.
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