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Abstract. In this paper we study to find out the vital reasonevoking emotions from
different musical features selection using Fuzziattenal Maps (FRMs). Classification
of the musical features for the song segment orcanyposition in bringing emotion is a
challenging problem. Since human perception fointaklecision comes under subjective
nature, musical arrangement of the song varies foo emotion to other. For each
emotion class, this approach deals with the nepgssmcentration on musical features.
Results are shown to illustrate the effectivenefsshe approach. In the first section
introduction part is given. We study the fundambsntd Fuzzy Relational Maps (FRMS)
in section two. Third Section deals with the adaptaof FRM to the problem. The final
section derives the conclusion based on our study.
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1. Introduction

Music has received a great deal of attention inroanication of emotions during the last
years. The role of individual musical features nedicting the emotions suggested or
invoked by the music have been investigated inmgelaumber of empirical studies. More
specifically, Musical features contributing to emos have been premeditated
systematically since Kate Hevner's pioneering wdtkntemporary summaries of the
musical features connected to particular emotiamsmiusic have been offered by
Gabrielsson and Lindstrom research (2010) andnJasgiil Laukka (2003). The structural
features of music are systematically varied totee effect on the ratings of emotions in
the sense of causal.

Here the causal relationship between musical featand emotions are studied using
fuzzy approach. These causal relationships are aftalyzed by fuzzy logic. We employ
one of the fuzzy models called Fuzzy Relational Map our emotion classification
system. In the year 2000, this method was intradidogeDr. W.B. Vasantha and Yasmin
Sultana. In FRMs we divide the very casual assiotiatinto two disjoint units, like for
example the relation between the symptom and diseanselation between causes and
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effects and so on. In this study, we focused ondinect relationship between basic
perceptual musical properties and emotions.

2. Methodology of fuzzy relational maps

We need a domain space and a range space to defiM which are disjoint in the
sense of concepts. Moreover Within the elementeérdomain and the range space we
assume that there is no intermediate relationg.drigieneral the number of elements in
the range space need not be equal to the numletgroénts in the domain space.

Fuzzy Reational Maps (FRMs) 2.1 Here the elements of the domain space and the rang
space are taken from the real vector space of diimen andm (min general need not be
equal ton) respectively.

Let Dy,...,D, be the nodes in the domain space wiikrd x,,...,X,) / X, = 0 or 1} fori
=1,...n. If x, = 1, it means that the no@gis in the ON stage andxf= 0 it means that the
nodeD; is in the OFF state. Similarly the nodes in thegeaspace arg,,...,R,, whereR, =
{X1Xo,... Xm)/ % = 0 or 1} forj = 1,...m. If x= 1 it means that the nod® is in the ON
state and ik = O it means that the no&is in the OFF state.

Edge Weight of FRM 2.2 A FRM is a directed graph or a map frdnto R with
concepts like policies or events etc as nodes andalities as edges. The relations
between spacd3 andR will be represented in causal. L8tandR denote that the two
nodes of an FRM. The directed edge fronto R, denote the causality relations@fon
R. FRM edges are weighted with the numbers in th¢0sel}. Let g; be the weight of
the edgDiRj, e; € {0,£1}.

1 ; ifincrease (decrease)in D impliesiiease (decrease) in

§ =40 ; if D; does not have any effect on R

-1 ; ifincrease (decrease) in D impliectase (increase) in |
Here the case of increaselnimplies decrease iR, (vice versa) is not considered in our
problem.

Fuzzy Nodes and Simple FRM 2.3 If FRM nodes are fuzzy sets then they are called
fuzzy nodes. Simple FRMs have the edge weight® as1{}.

Relational Matrix 2.4 LetDy,...,D, be the nodes of the domain spétef an FRM and
Ry ...,Rn be the nodes of the range spRoef an FRM. Let the matrik be defined ag&
= (&) whereeg; is the weight of the directed edBeR, (or R D;), E is called the relational
matrix of the FRM.

Instantaneous Stage Vector 2.5 Let Dy,...,.D, andRy,...,R, denote the nodes of the
FRM. LetA = (a;,...,a,) ; &€{0, £1}. As called the instantaneous stage vector of the
domain space and it denotes the ON-OFF positidheohodes at any instant. Similarly
let B = (by,...,by) ; bje{0,1}. B is called instantaneous stage vector of the rapgee
and it denotes the ON-OFF position of the nodemgtinstant. g = 0 if a; is OFF and
=1ifais ON fori = 1,2,...n. Similarly, b, = 0 if b; is OFF andy; = 1 if b is ON, forj =
1,2,...m.
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Cycle and Acyclic 2.6 Let Dy,...,D, andRy,...,R, denote the nodes of the FRM. It

R (or R D;) be the edges of an FR§41,2,...mandi = 1,2,...n. Let the edges form a
directed cycle. An FRM is said to be a cycle idissesses a directed cycle. An FRM is
said to be acyclic if it does not possesses amctdid cycle.

FRM with Feedback 2.7 An FRM with cycles is said to be an FRM with feecka

Dynamical System 2.8 When there is a feedback in the FRM, (i.e., when ¢husal
relation flow through a cycle in a revolutionary mar), the FRM is called a dynamical
system.

Hidden Pattern 2.9 LetD; R (RDi), 1<j<m, 1<i<n. WhenR (or D;) is switched on
and if causality flows through edges of the cyald # it again causelR; (or D;), we say
that the dynamical system goes round and rounds i$hrue for any nodB, (or D;) for
1<j<m(or 1<i<n). The equilibrium stage of this dynamical systisncalled the
hidden pattern.

Fixed Point 2.10 If the equilibrium state of a dynamical system isnéque stage vector,
then it is called a fixed point. Consider an FRMhWR,R,,..., R, andD4,D,,...D,, as
nodes. For example, let us start the dynamicaésydy switching ok, (or D,). Let us
assume that the FRM settles down wihandR,, (or D; andD,) i.e. the stage vector
remains as (1, 0,...,0,1) R (or 1,0,0,...,0,1) irD). This state vector is called the fixed
point.

Limit Cycle 2.11 If the FRM settles down with a state vector is edpgy in the form
A—A—As—...—A—A; (or B,— B,— ...—B—B;) then this equilibrium is called a
limit cycle. Now we give the methods of determinthg hidden pattern.

Method of Finding Hidden Pattern 2.12

Let R, R,,...,R, andDy,Ds,...,D, be the nodes of a FRM with feedback. Eebe the
relational matrix. Let us find a hidden patternemi; is switched on i.e. when an input
is given as vectod; = (1,0,...,0) inD,, the data should pass through the relational rmatri
E. This is done by multiplyindy with the relational matriE. Let AJE = (ry,ra,....Mn).
After thresholding and updating the resultant veate getAJEER. Now letB = AE, we
pass orB into E' and obtairBE". We update and threshold the ved®& so thatBE'
€D. This procedure is repeated till we get a limitle or a fixed point.

3. Description of problem and finding hidden pattern usng FRM
We take the following attributes in the case of #amoclassification for musical terms as
domain space elements of FRM.
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Emotional Terms considered for the analysis

Ds — Energy / Activity /

D, — Happy / Joy D2 — Sad / Gloom Excitement

Dg — Relaxation / Calm

D, — Potency Ds — Tension Softness / Peace
D, — Solemnity /
Dignity Dg — Anger Do — Fear
Dy — Tenderness i D15 —
Love Dy, — Boredom D1, — Disgust Surprise

Table1: Emotion Terms

The following musical features are collected thfowexpert opinions, survey and
theoretical studies for the basic correspondingteme described in this problem.

We take the following attributes in the case of musical features in Western Classical
Music as range space e ements of FRM.

R: — Mode: Major - Melody is the linear/horizontalepentation of pitch. In melody,
Major scale is made up of seven notes: the eigliblicates the first at double its
frequency. The sequence of intervals between ttesraf a major scale is: whole, whole,
half, whole, whole, whole, half.

R, — Mode: Minor - There are three variations of thmor scale: natural, harmonic
and melodic. A natural minor scale is that the 8tt,and 7th note positions of the major
scale are lowered by one half-tone / semitone. #nbaic minor scale is that the 7th note
position of the natural minor scale is raised by dalf-tone / semitone. For ascending
scale notes, A melodic minor scale is that theatt 7th note positions of the natural
minor scale are raised by one half-tone / semitone.

R; — Melodic Range: Wide — It is the distance betwdmnlowest and highest pitches
greater than an octave. Melodic range may be défisethe distance between the lowest
and highest pitches of a melody. If there are gelatumber of notes between the lowest
and highest pitches, the melody is said to havela range.

R, — Melodic Range: Narrow - If only a few notes gepa the lowest and highest
pitches, the melody is said to have a narrow range.

Rs — Melodic Direction: Ascending - Melodic motiontlse quality of movement of a
melody. The movement of the melody often is in adioey direction.

Rs — Melodic Direction: Descending - The movementtiod melody often is in
descending direction.

R; — Pitch Level: High — Distribution of high notem (terms of frequency) in a
composition.

Rg — Pitch Level: Low - Distribution of low notes (iterms of frequency) in a
composition.
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Ry — Pitch Variation: Large - The property of souhdttvaries with large variation in
the frequency of vibration.

R10 — Pitch Variation: Small - The property of soundttiiaries with small variation in
the frequency of vibration.

Ry — Rhythm: Regular - Rhythm is the distribution anrangement of the tones
according to their various time-values. Rhythmicaagement is regular when the
comparatively longer tones occupy the accentedhbeat

R1> — Rhythm: Irregular - Rhythmic arrangement is tfagwhen shorter tones occupy
the accents.

Riz — Tempo: Fast - the speed of the beat. Moderbégyra (faste ‘happy’) and presto
(very fast) are the classification for fast.

R4 — Tempo: Slow — Largo (labored slowly), adagicodgl and andante (steady
‘walking ‘) are the classification for slow.

Ris — Loud: Louder - Loudness are expressed mostlydartalian language. Crescendo
(gradually louder), mezzo forte (moderately loddjte (loud), fortissimo (very loud) are
the classification of loudness.

Ris — Loud: Softer — Pianissimo (very soft), decredeefgradually soft), piano (soft),
diminuendo (gradually softer), mezzo piano (modsyatoft) are the classification of
softness.

Riz — Harmony: Consonance — The effect of certairdsrian a scale is said to be
"restful and stable". This condition of any choimterval or tone in music is known as
consonance. A harmonic combination that is staldeally in thirds.

Rz — Harmony: Dissonance — The effect of other trisdsaid to be "active and
unstable". This condition of any chord, intervaltane in music is known as dissonance.
A harmonic combination that is unstable, oftenudahg seconds or sevenths.

Ri9 — Timbre: Few harmonics / Soft timbre - Sound iyaif a sound source is timbre
or tone color in music. Music timbre contributesaty to the effect of mood in music.

Rz — Timbre: Many Harmonics / Sharp timbre. Timbréhis characteristic that allows
us to distinguish between one instrument and anothe

R,; — Articulation: Staccato - Playing notes shortad aeparating them from each
other is called staccato.

Rz, — Articulation: Legato - Playing notes longer amwhnecting them to each other is
called legato.

R.; — Envelope: Sharp - Refers to the type of attamkdecay of tones which is rapid
attack and decay. That is fast tone attack anditsty.

R.; — Envelope: Round — Slow tone attack and slowyleca

The relational graph for the emotions and musieatures is shown below.
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Happy - D,

Potency — D4

Peace — Dg

Solemnity — D7

Now using the expert's
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Figure 1: Relational graph
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In order to study the effect of each attribute loa dynamical systerg, the hidden
pattern of the dynamical systefn(relational matrix) for each state vector is toftwend.
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Suppose nodB; is in the ON state and all other nodes are irstafte, the causes of the
state vectorX, = (1 0000000000 0 0) on the dynamicateysE is given as
follows:

XE=(10101010101010101001101

-(1010101010101010100110%9
YVE'= (1207424576001 6)
(1000000000000 (=Xy)

XE =(101010101010101010011m1

-(1010101010101010100110 19Y,(=Yy)

The resultant vector is a fixed point given by tieary pair {(1 00000000000
0),(10101010101010101001 10 1 Similarly we do this procedure when
other attribute is in ON state. The fixed points slnown in the following table.

Input | Output

D, |[(1000000000000),(101010101M101010011010
D, |(0100000000000),(01010101M®M01010110010
D; [(0010000000000),(000000110®M101001011010
D, |(0001000000000),(00000010MW®M10100001000
D; [(0000100100000),(01001000M®M001001000000
Dg |(0000010000000),(10010011100M010110000100
D, |(0000001000000),(110100010M01101000011
Dg |(0000000100000),(01001010M11101001011110
D, |(0000000010000),(00001001001101011110:
Dy [(0100000001000),(000000000M®010100100101
D, [(0000000000100),(00000101MA010000100001
D, |(0000000010010),(00000001000100000100¢C
Di; |[(1000000000001),(000010100®100000010010

Table 2: Fixed points
4. Conclusion

We derived the recommendations for evoking emotimmugh musical structure as
follows:

» The combination of Major mode with wide range ofioéc portion in ascending
direction, high pitch notes, large pitch variatioegular rhythmic pattern with fast tempo,
loudness, consonance, many harmonies in timbre stautato, sharp envelope will be
concentrated while making happy/joyful musical egte

» To bring out sad emotions in musical excerpts, Wweukl have the musical
features such as Minor mode with narrow melodiggeam descending direction, low
pitch notes, slow tempo, soft loudness, dissondmacenony, few harmonies in timbre,
legato articulation and round envelope.

* When musical excerpts have the qualities of highowar pitch notes, large pitch
variation, fast tempo, loud, dissonance, many hamesp staccato, sharp envelope, it is
easier to promote energetic feelings.
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» The combination of high pitch level, fast tempajdoess, many harmonies and
round envelope features can be concentrated whélking potential activity musical
excerpts.

* While making emotions such as tension and angemeer to focus on the
combination of minor mode, ascending, loudnessodiance in harmony.

» Peaceful emotion can be got through the combinationajor mode with narrow
melodic range in high or low pitch notes, regulaithmic pattern with slow tempo, softer
loudness, consonance, legato articulation.

* To have solemnity/dignity feelings through musieaterpt, the combination of
major or minor mode, narrow range, low pitch levelyular rhythmic pattern with slow
tempo, loudness, consonance, legato, sharp enweithiie pondered.

» The combination of minor mode, ascending, highhpitevel, small variation,
irregular with fast tempo, loud, dissonance, maayrtonies, staccato or legato, sharp will
bring out anger.

» To create fear through music, we should give atiento the combination of
ascending direction, high pitch level, small vaoiat fast or slow tempo, softness,
dissonance, few or many harmonies, staccato, siaqund envelope.

* While evoking emotions such as sad and love, wed rnteeponder on the
combination of slow tempo, softer loudness, fewnwanries in timbre, legato articulation,
round envelope.

* Boredom feelings can be expressed through the catitn of descending
direction of notes, low pitch level, small variatjoslow tempo, few harmonies, round
envelope in music.

» To evoke fear and disgust feelings, we should temaell pitch variation, slow
tempo, many harmonies, round envelope in musiedlifes.

» The combination of ascending melodic directionhtpgch notes with large pitch
variation, fast tempo, many harmonies, and shaxelepe will bring out happy and
surprising feelings.

These are the necessary combination of attribwtdset concentrated on musical
excerpts to evoke the respective emotions.
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