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Abstract— Soft computing is recently developed branch of
computing focusing on tolerance in the computation to
model everyday problems with natural uncertainty built
in. Music analytics is a multidisciplinary field with wide
applications in computational music. This paper covers
main components of soft computing as fuzzy logic, neural
networks and evolutionary computing and their
applications in the domain of music analytics. Many
applications such as music recommendation, similarity,
classification, composition etc. have inherent uncertainty
and soft computing plays major role in modeling it.
Sample application to model music similarity using fuzzy
logic is presented.

Keywords— Soft Computing, Music analytics, Pattern
Recognition, Computational Music

. INTRODUCTION

Soft computing deals with acceptance for imprecision,
uncertainty and partial truth to ultimately simulate human
brain functioning as closely as possible. Soft Computing
involves various fields such as neural networks, fuzzy logic,
Evolutionary computing as shown in Fig.1. Hybrid solutions
with combination of various techniques are also proposed to
simulate and solve specific problems. Soft computing attempts
to simulate human perceptions and our decision making
process.

Fuzzy logic

Hybrid
Systems

Neural Networks

Evolutionary
computing

Fig.1 Soft Computing
Music analytics is a field of musicology which includes wide
range of applications from generation of music, analysis,
perception study etc. Automatic music processing using
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computer algorithms is prevailing since last many years.
Benchmark used for performance evaluation of such systems
is generally human decision making process. Soft computing
techniques are more suitable for music processing as they
attempt to model human thinking and analyzing process.

Soft computing techniques applied to musical processing
include modeling of music composition, our perception and
user modeling, recognizing different musical aspects,
understood and respond with emotional feelings generated or
tapping or dancing etc. Music similarity is generally subjective
and has inherent fuzziness. Fuzzy soft computing approach is
more suitable for modeling similarity.

Although Soft computing terminology was existed since
1980’s, it became formal branch of computing since 1990s
due to major contribution by Prof. Zadeh in fuzzy logic
(1996). Hard computing deals with precision and accurate
solutions whereas soft computing deals with acceptance for
impression, uncertainty and partial truth to ultimately simulate
human brain functioning as closely as possible. Soft
computing attempts to simulate human perceptions and our
decision making process.

Humans have very good perceptional abilities in terms of
interpreting the data, information or any situation and take
appropriate decisions. Scientist are working on “How our
brain works?” to understand and simulate the systems in
robots to have human like behavior. Pinker (1999) describes
the process as computation view of mind as a cognitive
process happening and kind of adaptations that the human
brain possesses.

A simple example of soft computing can be the way one apply
the brakes while driving the vehicle when one sight some
obstacle on the road. We estimate our speed, distance from
object, direction etc. and take decision to apply heavy or soft
brakes and/or change direction in order to avoid any collision.
We take such decisions without actually calculating distance
or checking our actual speed or checking how much pressure
we should apply on brakes. Certain approximations are done
and decision is taken in fraction of second. Here our objective
is to avoid collision and exact pressure one applies or exact
distance from object i.e. precision is of less importance.

Many such situations exist in our day today life where
precision is of less importance but end result matters most.

BACKGROUND
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Soft computing attempts to model such situations and different
soft computing techniques are applied to have machine behave
like humans. Our brain mechanism and decision making
process is very complex and we do have elements such as
emotions, anticipation or intuition etc. Modeling such
parameters is very difficult as they themselves are very
difficult to define precisely.

IIl.  MusIC ANALYTICS

Music analytics is a field of Computer musicology to analyze
different musical parameters by machine. Music analytics is a
multidisciplinary field which incorporates various aspects
such as music acoustics, digital signal processing, psychology,
soft computing or artificial intelligence, cognitive science etc.
One listen to different music and classify genre, detect singer
or instrument, recognize rhythm, find the scale or raga in case
of classical music, observe different emotions and so on. We
do have inherent capabilities to identify different patterns and
recognize such parameters. In order to simulate them in
machine, we need to know how our sensory mechanism works
for the stimuli of music and our processing method of this
information. Music analytics involves development of
applications using music processing, feature engineering,
pattern recognition as shown in fig. 2.

Music Processing

Music
Analytics
Applications

Feature Engineering

Pattern recognition

Music Composition

Fig. 2 Music analytics

Music perception can be different for novice or trained
listeners. Seasoned or trained listeners are likely to notice the
music in more details and possibly can appreciate it more than
novice listeners. Familiarity towards specific music, cultural
background, individual brought up, musical training, musical
liking etc. have an impact on persons and have a large impact
on music perception by individuals. Despite of presence of
individual perceptions, common perceptions do prevail in
musical analysis. Subjectivity of individuals is more on
aesthetic parts such as liking of music or awareness or
expertise in music.

Different signal processing techniques are applied to music
signal for finding parameters such as timbre identification
(instrument or singer detection), bit finder (rhythm
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identification), and pitch tracking with frequency (scale
recognition) and so on. Feature values of music are extracted
using signal processing of music signal. These feature values
are used as an input to algorithms in music analytics for
further analysis.

Music analytics for music industry can have varied
applications. Ramesh, V.M. (2008) explored music analysis
for notation identification from the audio data. Music
recommendation by analyzing user preferences is one of the
most promising applications. Celma (2010) modeled the user’s
perceived quality of recommendation with main theme as
similarity and proposed that the recommendation system
should propose novel and relevant music. Van den Oord et.
al. (2013) focused on cold start problem in recommendation
when user profile is unknown and proposed the use of deep
convolutional neural network learning for sensible music
recommendations. Another serious issue for music industry is
piracy. Music as a service is proposed as a possible alternative
by Dorr et. al. (2013) and proposed a business model Maas. A
detailed survey on music sales and music streaming done by
Hiller (2016) showed that YouTube dominated the music
distribution more than streaming services by spotify, itunes
radio, Google play music etc. It seems to indicate that top
selling albums are getting benefit from the promotion through
free online availability. Recent report by Clark (2016)
estimates as much as 95% music is downloaded from
innovative illegally downloading websites and suggests the
need as effective measures to prevent it. Hyrkas et. al. (2016)
proposed a music analytics platform as musicDB to predict
future trends.

The objective of this paper is to explore possible use of soft
computing techniques in music analytics. Various applications
in music analytics are being explained with the use of soft
computing techniques used effectively to solve specific
problems.

IV. SorFT COMPUTING FOR MUSIC ANALYTICS

Soft computing techniques are more suitable for music
processing as music processing itself is not precise for
humans. Remember specific tune such as storing a specific
musical pattern is our brain’s neural mechanism. The tune
may not be stored precisely. One can retrieve the tune and/or
can find the similarity in case of similarly sounding tunes.
Such similarity analysis is itself fuzzy in nature and fuzziness
or imprecision is an important aspect in soft computing.

Soft computing has wide applications for musicians such as
analysis/synthesis of sound, making responsive instrument for
accompaniment for singers, restoring old recordings,
transcribing sound to musical notations, analysis of musical
performance, online training etc. Other applications can be
data compression, music retrieval based on musical contents
or parameters, classification of music based on parameters
such as genre or singers or rhythms or scales etc.

ANN (Artificial neural network) system is an attempt to model
our brain neuron architecture. One can use supervised,
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unsupervised, semi-supervised or reinforcement learning
techniques to train the neural network and simulate our brain.
In case of retrieval of music on web where the search space is
very large GA’s (Genetic Algorithms) can be useful for
acceptable solutions in real time.

Different hybrid soft computing techniques can be useful for
applications, when there is a need of utilizing advantages of
multiple soft computing techniques. Neuro-fuzzy hybrid
system or genetic neuro hybrid techniques are few examples
of such hybrid techniques in which combination of different
soft computing techniques is used to take advantages of both
in order to solve specific problem. In this paper, we have
attempted to analyze different soft computing techniques and
their possible use related to music analytics.

A. Fuzzy logic for music analytics -

Despite of the fact that fuzzy logic has gained tremendous
success in wide applications, its potential is probably not fully
utilized for music processing applications. Fuzzy logic deals
with membership function with support in the range [0, 1]. It
is different from Boolean logic which has only 2 states as 1
and 0 or true and false. In fuzzy logic, support value can be
between 0 and 1 including both. It becomes easier to model
natural problems with uncertainty or partial truth using fuzzy
logic. As an example, if we consider music similarity between
two musical pieces, the possible outcomes can be not similar,
somewhat similar, exactly similar or highly correlated etc.
This pattern can be modeled using fuzzy logic with possible
support with membership values. Fuzzy logic implications in
music domain can be many and many researchers have
explored different research directions in music processing
using fuzzy logic.

Music emotion classification using fuzzy logic proposed by
Yi-Hsuan Yang et.al. (2006) based on Thayer’s model for
mood presented with valence and arousal showed that fuzzy
nearest mean classification approach performs better than
conventional approach and incorporate the subjective nature of
emotion perception. Preliminary results for music genre
classification using fuzzy rule based system were presented by
Francisco Fernandez (2011) for two genres as jaaz and
classical music. A real time emotion based music
accompaniment system using fuzzy logic controller proposed
by Ping-huan kuo et. al. (2015). Fuzzy cognitive maps used by
Maftei et.al. (2016)for identifying critical success factors in
online music streaming. Musical tuning using fuzzy logic for
different musical scales such as equal temperament,
Pythagorean etc. proposed by Teresa Leon and Vicente Liern
(2010). Velankar et. al. (2018) proposed use of fuzzy logic in
query by humming for music retrieval by approximating pitch
in user queries. These different directions of using fuzzy logic
for music processing exhibits the use of fuzzy logic in music
analytics and one can expect wide use of fuzzy logic in the
development of systems in the future.
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B. Neural networks for music analytics —

Neural networks are a directed graph of artificial neurons as
nodes and edges representing weights. Different activation
functions are used to activate neurons and produce outputs. A
simple neural network can be shown as in Fig. 3. Here aand b
are the inputs, w; and w, are the weights associated with
edges, z is the output, X; and X, represent input layer, Y,
represents output layer. Input to Yy is X;. Wy +X; \W; and z
i.e. output is determined by the activation function used at Y.
This representation is basic representation and there may be
multiple input and output nodes. Intermediate or hidden layers
are also added in the neural network to model the non-linearity
for classification. Various variants are possible in neural
networks with simple feed forword neural network without
feedback or neural network with feedback i.e. recurrent
network etc.

Fig. 3 Simple neural network

Neural networks are first trained using some learning
mechanism such as supervised, unsupervised or reinforcement
learning strategies for different input patterns. They are further
tested for unseen samples to test the accuracies. Neural
networks are used for various applications in music analytics.
Sigtia et. al. (2016) presented a supervised neural network
model for polyphonic music transcription. Convolutional
recurrent neural network was proposed by Choi etal.
(2016)for music tagging and automatic classification. A pre-
trained convolutional neural network was designed and tested
by Dieleman et. al. (2011)for artist recognition, musical key
identification and genre recognition. Feature Engineering and
feature generation for different music analytics tasks are
covered in detail by Velankar, M., & Kulkarni, P. (2018).
Feature learning using deep belief network by Hamel et.al.
(2010) showed promising results and motivation to apply deep
learning for different music information retrieval tasks. Use of
neural networks for music composition by prediction was
proposed by Mozer (1994) with exploration of
psychoacoustics and multi-scale processing. Similar work
using LSTM recurrent neural networks for music composition
was performed by D. Eck (2002). Makris et.al. (2017)
proposed a system with the combination of LSTM and feed
forward neural network for conditional rhythm composition.
Hit song prediction using convolutional neural networks was
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proposed by Yang et. al. (2017). Many such varied
applications in music analytics are proposed by researchers
using neural networks.

C. Evolutionary Computing for music analytics —

Evolutionary computing is a branch of soft computing inspired
by natural phenomenon. Different algorithms based on nature
are proposed to utilize the power of soft computing like
genetic algorithms, ant colony optimization, particle swarm
optimization etc.

A behavior-inspired evolutionary algorithm, harmony search
was suggested by Geem et. al. (2007) for music composition.
A multi-criteria  Ant colony optimization algorithm was
proposed by Mocholi et. al. (2012). Bang (2013) proposed an
approach using genetic programming for emotion
classification. Combination of genetic programming and
genetic algorithm proposed by Tokui et. al. (2000) for music
composition. A novel approach proposed using genetic
programming and uses a tree-based domain model for music
compositions by Hofmann (2015). PSO automatically
optimizes the performance quality of music recommender
systems using a swarm intelligence perspective as it contains
the best search efficiency as per the experimentation done by
Katarya (2018). A system for recognizing emotional content
in music based on particle swarm optimization (PSO)-based
fuzzy hyper-rectangular composite neural networks by Chin
et. al. (2017). This is an example of hybrid approach using
different elements of soft computing. Similar such research
directions proposed by researchers to wuse different
evolutionary computing tools in the domain of music
analytics.

V. MODELING MUSIC SIMILARITY

Music similarity is a hard computational problem considering
different musical facets such as timbre, tune, rhythm, genre,
mood etc. Velankar et. al. (2015) proposed a system to model
melodic similarity using human perception and music
synthesis approach. Human perception can be modeled using
fuzzy logic in soft computing to model similarity. Similarity
can be presented in the linguistic manner as not similar,
somewhat similar, very similar, exactly same etc. This
linguistic terminology is best suitable for fuzzy logic. Fig. 4
shows the modeling of music similarity using fuzzy logic.
Here X axis represents the similarity parameter as x and Y
axis represents the support for it as a membership function of
X i.e. Y(x). Not similar is mapped to p(x) =0 and exactly
similar is mapped to p(x) = 1. Fuzzification of the similarity is
done for the linguistic terms such as somewhat similar or very
much similar to represent it within the range from 0 to 1 value
of the membership function excluding the limits. Higher
values of this function u(x) represents more similarity and
lower values represents less similarity. This fuzzy modeling of
similarity is useful to represent similarity in numerical form
for further computation and processing. Liao and Xu (2015)
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proposed hesitant fuzzy linguistic term setsto raise the
flexibility of extracting the linguistic information.
H)
1
0 >
Not Somewhat Exactly X
Similar Similar Similar

Fig. 4 Fuzzification of music similarity

Use of fuzzy sets in cognitive and decision making process for
pattern perception is explained in detail by Zadeh et. al (1994,
2015) Any music analytics application with perception or
human cognition can be modeled effectively using fuzzy logic.

VI. CONCLUSION

Soft computing has variety of applications in music analytics.
Vagueness or imprecision is the need in to be modeled in
some of the applications where fuzzy logic plays a major role.
Inherent musical pattern recognition is another challenging
task in music analytics and this can be achieved successfully
by training neural networks. Tasks like automatic music
composition are well suited for genetic algorithms where
different tunes can be generated. However evaluating the good
music is a challenge considering the fact that it is highly
subjective.

VIl. REFERENCE

Zadeh, Lotfi A.(1996) Soft computing and fuzzy logic,
In Fuzzy Sets, Fuzzy Logic, And Fuzzy Systems: Selected
Papers by Lotfi A Zadeh, (pp. 796-804).

Pinker, Steven. (1999) How the mind works, Annals of
the New York Academy of Sciences 882, no. 1, (pp 119-
127).

Ramesh, V.M. (2008) July. Exploring Data Analysis in
Music using tool praat, InEmerging Trends in
Engineering and Technology, IEEE ICETET'08. First
International Conference (pp. 508-509).

Celma, Oscar. (2010) Music recommendation, In Music
recommendation and discovery, Springer, (pp. 43-85).

Van den Oord, Aaron, Sander Dieleman, and Benjamin
Schrauwen. (2013), Deep content based music
recommendation. In Advances in neural information
processing systems, (pp. 2643-2651).

[1]

[2

31

[41

[5]



(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

International Journal of Engineering Applied Sciences and Technology, 2018
Vol. 3, Issue 2, ISSN No. 2455-2143, Pages 35-40
Published Online June 2018 in IJEAST (http://www.ijeast.com)

Dorr, Jonathan, Thomas Wagner, Alexander Benlian, and
Thomas Hess. (2013) "Music as a Service as an
Alternative to Music Piracy?." Business & Information
Systems Engineering 5, no. 6, (pp 383-396).

Hiller, R. Scott. (2016) Sales displacement and streaming
music: Evidence from YouTube. Information Economics
and Policy 34, (pp 16-26).

Clark, Paige.(2016) The Invisible Defense Against Music
Piracy, 15 J. Marshall Rev. Intell. Prop. L. 297 The John
Marshall Review of Intellectual Property Law 15, no. 2.

Hyrkas, Jeremy, and Bill Howe. (2016) MusicDB: A
Platform for Longitudinal Music Analytics. In ISMIR,
(pp. 702-708).

Yang, Yi-Hsuan, Chia-Chu Liu, and Homer H. Chen.
(2006) Music emotion classification: A fuzzy approach.
In Proceedings of the 14th ACM international conference
on Multimedia, (pp. 81-84).

Fernandez, Francisco, Francisco Chavez, Rafael Alcala,
and Francisco Herrera.(2011) Musical genre classification
by means of fuzzy rule-based systems: A preliminary
approach, In Evolutionary Computation (CEC), IEEE
Congress on, (pp. 2571-2577).

Kuo, Ping-Huan, Tzuu-Hseng S. Li, Ya-Fang Ho, and
Chih-Jui Lin. (2015) Development of an automatic
emotional music accompaniment system by fuzzy logic
and adaptive partition evolutionary genetic algorithm,
IEEE Access, (pp 815-824).

Maftei, Vlad Adrian, Vassilis C. Gerogiannis, and
Elpiniki I. Papageorgiou. (2016) Critical success factors
of online music streaming services-a case study of
applying the fuzzy cognitive maps method, International
Journal of Technology Marketing 11, no. 3, (pp 276-300).

Teresa Leon and Vicente Liern (2010) Fuzzy logic helps
to integrate music theory and practice, in procedings
IEEE International Conference on Fuzzy Systems,
DOI: 10.1109/FUZZY.2010.5584652

Makarand, Velankar, and Kulkarni Parag (2018) Unified
Algorithm for Melodic Music Similarity and Retrieval in
Query by Humming. In Intelligent Computing and
Information and Communication, Springer, (pp. 373-381).

Sigtia, Siddharth, Emmanouil Benetos, and Simon Dixon.
(2016) An end-to-end neural network for polyphonic
piano music transcription, IEEE/ACM Transactions on
Audio, Speech, and Language Processing 24,n0.5, (pp
927-939).

Choi, Keunwoo, George Fazekas, Mark Sandler, and
Kyunghyun Cho (2016) Convolutional recurrent neural

networks for music classification, arXiv preprint
arXiv:1609.04243.
Dieleman, Sander, Philémon Brakel, and Benjamin

Schrauwen. (2011) Audio-based music classification with
a pretrained convolutional network, In 12th International

39

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Society for Music Information Retrieval Conference, (pp.
669-674).

Velankar, M., & Kulkarni, P. (2018). Feature Engineering
and Generation for Music Audio Data. IJETT, 5(1). (PP
10012-10018).

Hamel, Philippe, and Douglas Eck. (2010) Learning
Features from Music Audio with Deep Belief Networks,
In ISMIR, vol. 10, (pp. 339-344).

Mozer, Michael C. (1994) Neural network music
composition by prediction: Exploring the benefits of
psychoacoustic constraints and multi-scale processing,
Connection Science6, no. 2-3 (pp 247-280).

Eck, Douglas, and Juergen Schmidhuber. (2002) A first
look at music composition using Istm recurrent neural
networks. Istituto Dalle Molle Di Studi Sull Intelligenza
Artificiale 103.

Makris, Dimos, Maximos Kaliakatsos-Papakostas,
loannis Karydis, and Katia Lida Kermanidis. (2017)
Combining LSTM and feed forward neural networks for
conditional rhythm  composition, In International
Conference on Engineering Applications of Neural
Networks, Springer (pp. 570-582).

Yang, Li-Chia, Szu-Yu Chou, Jen-Yu Liu, Yi-Hsuan
Yang, and Yi-An Chen. (2017) Revisiting the problem of
audio-based hit song prediction using convolutional
neural networks, arXiv preprint arXiv:1704.01280.

Geem, Zong Woo, and Jeong-Yoon Choi. (2007) Music
composition  using  harmony  search  algorithm,
In Workshops  on  Applications of  Evolutionary

Computation, Springer (pp. 593-600).

Mocholi, Jose A., Victor Martinez, Javier Jaen, and
Alejandro Catala. (2012) A multicriteria ant colony
algorithm for generating music playlists. Expert Systems
with Applications 39, no. 3 (pp 2270-2278).

Bang, Sung-Woo, Jaekwang Kim, and Jee-Hyong Lee.
(2013) An approach of genetic programming for music
emotion classification. International Journal of Control,
Automation and Systems 11, no. 6 (pp 1290-1299).
Tokui, Nao, and Hitoshi Iba. (2000) Music composition
with interactive evolutionary computation, In Proceedings
of the 3rd international conference on generative art, vol.
17, no. 2, (pp. 215-226).

Hofmann, David M. (2015) A genetic programming
approach to generating musical compositions,
In International Conference on Evolutionary and

Biologically Inspired Music and Art, Springer (pp. 89-
100).

Katarya, Rahul, and Om Prakash Verma. (2018) Efficient
music recommender system using context graph and
particle swarm, Multimedia Tools and Applications 77,
no. 2 (pp 2673-2687).



International Journal of Engineering Applied Sciences and Technology, 2018
Vol. 3, Issue 2, ISSN No. 2455-2143, Pages 35-40
Published Online June 2018 in IJEAST (http://www.ijeast.com)

[31] Chin, Yu-Hao, Yi-Zeng Hsieh, Mu-Chun Su, Shu-Fang
Lee, Miao-Wen Chen, and Jia-Ching Wang. (2017) Music
emotion recognition using PSO-based fuzzy hyper-
rectangular composite neural networks, IET Signal
Processing 11, no. 7 (pp 884-891).

[32] Velankar, M. R., H. V. Sahasrabuddhe, and P. A.
Kulkarni. (2015) Modeling melody similarity using music
synthesis and perception, Procedia Computer Science 45,
(pp 728-735).

[33] Liao, Huchang, and Zeshui Xu. (2015) Approaches to
manage hesitant fuzzy linguistic information based on the
cosine distance and similarity measures for HFLTSs and
their application in qualitative decision making, Expert
Systems with Applications 42, no. 12 (pp 5328-5336).

[34] Zadeh, Lotfi A., King-Sun Fu, and Kokichi Tanaka,
eds. (1994, 2014) Fuzzy sets and their applications to
cognitive and decision processes: Proceedings of the us—
japan seminar on fuzzy sets and their applications, held at
the university of california, berkeley, california, july 1-4,
Academic press.

40



|JEAST

INTERNATIONAL JOURNAL
OF ENGINEERING APPLIED SCIENCE
AND TECHNOLOGY

ABOUT LJEAST

International Journal of Engineering Applied Science

PEER REVIEWED

All submissions are rigorously peer

and Technology (IJEAST) is a peer-reviewed, open
access journal that publishes high-quality research
papers in the field of Engineering, Applied Science
and Technology.

reviewed to ensure quality.

OPEN ACCESS

IJEAST aims to provide a platform for researchers, Free and unrestricted access to
e B : research for all.
academicians, and professionals to share their
innovative ideas, research findings, and practical
GLOBAL REACH

Connecting researchers and

experiences with the global scientific community.

professionals worldwide.

FOCUS AREAS
® Engineering
TIMELY PUBLICATION

@ Applied Science
We ensure a swift and efficient

® @ ® @

® Technology publication process.
@ [nnovation & Development

@ Interdisciplinary Studies

@ For more information, visit our website

www.ijeast.com
INTERNATIONAL JOURNAL B4 editor@ijeast.com
OF ENGINEERING APPLIED SCIENCE ® "
AND TECHNOLOGY www.ljeast.com

Q India

2455-2143




