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“Molto sentito”: Toward Computer Music Full of Emotion
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Abstract: This paper concerns a first author’s recent piece “Molto sentito”. The design concept
and the composing technique are described. Our main motivation is emotion communication in
computer music. We proposed a new sound synthesis technique named evolutionary essentic sound,
which combines Dr. Manfred Clynes’ Sentics theory about human emotion with genetic algorithms
and evolutionarily generates such sound as expresses an emotion. Most sound materials used in
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“Molto sentito” are composed with this method. The algorithmic details are given.

1 Introduction

The impact of the computer against music is im-
measurable. It is not too much to say that the
traditional concept of music has been drastically
changed with the appearance of the computer. It
means that today we have to reconsider the fun-
damental issues: what is music, or what is the
most essential requirement for being music?

In traditional western music, for example, tonal
system has been the dominant backbone for hun-
dreds of years and counterpoint and harmony have
been developed as the representative principles of
music composition[1].

Now, in the field of computer music in the
twenty first century, every composer seeks to de-
velop and refine his/her own music language. The
authors’ main motivation is emotion expression
and emotion communication in computer music
and the ultimate goal is to create a new musical

composition which fully expresses and communi-
cates human emotion. “Molto sentito” presented
at the Intercollege Computer Music Concert 2006
can be regarded as the first step toward the goal.

Most sound materials used in “Molto sentito”
are composed with a new sound synthesis tech-
nique named evolutionary essentic sound. The
technique evolutionary essentic sound combines
Dr. Manfred Clynes’ Sentics theory about human
emotion with genetic algorithms and evolutionar-
ily generates such sound as expresses an emotion
gradually rising from some chaotic sound. This
paper describes the algorithmic details.

The paper consists of 5 sections. Section 2 in-
troduces Sentics and section 3 describes the tech-
nique evolutionary essentic sound in detail. Sec-
tion 4 gives a discussion and section 5 concludes
the paper and gives future work.
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2 Sentics

2.1 Essentic Forms

Sentics is the neurophysiological framework ap-
proaches to human emotion and was proposed
by Dr. Manfred Clynes, a professional pianist
and a researcher in the field of neuroscience and
engineering[2]. The most important point that
distinguishes Sentics from other similar proposi-
tions consists in its clear motivation to analyze
human emotion by a formal and objective way.
According to Sentics, typical human emotions we
daily have can be represented by different envelopes
called essentic forms. Clynes and his colleagues
derived this claim from their long years of ex-
perimental study. They have developed an orig-
inal press-button shaped emotion measuring de-
vice named sentograph and succeeded in capturing
emotion expression graphically.

Clynes took 8 kinds of emotion: love, hate,
grief, joy, reverence, anger, sexual desire and no
emotion, as an object of study. A subject was first
asked to fill his/her mind with a particular emo-
tion and to express the emotion by pushing the
button of a sentograph like piano performance. A
sentograph is equipped with a transducer for mea-
suring finger pressure. When a subject presses the
button, the horizontal and vertical components
of finger pressure are recorded as two separate
envelopes. For each emotion thirty to fifty trials
were measured and their envelopes were averaged.
Then it was discovered that for each of the 8 emo-
tions there is a particular time-varying pattern
of finger pressure that is common to many sub-
jects. Clynes has named these envelopes essentic
forms and insisted that they have an essential re-
lationship with human emotion. Interestingly, the
result of further experiments performed over the
world showed that essentic forms are universally
observed without depending upon sex or cultural
difference.

2.2 Essentic Sound

If one accepts Clynes’ hypothesis that essentic
forms reflect some essential property of human
emotion, it is natural to think that it can be pos-
sible to generate such sound as communicates the
qualities which essentic forms represent by utiliz-
ing essentic forms as material for sound synthe-
sis. This is a very interesting challenge to anyone

who wants to compose expressive music. For this
question, Clynes has given an answer himself[3].

In [3], Clynes has proposed the transforma-
tion of essentic form to the sound reflecting the
same quality as the original essentic form has for
each of the 7 emotions except no emotion. Each
proposed sound comprises frequency and ampli-
tude envelopes. Those frequency and amplitude
envelopes are designed by transforming essentic
forms in various ways (inverting an envelope, for
example). Concrete values are given in Hz as to
frequency envelopes. A schematic diagram of pro-
posed envelopes for 7 emotions appears in Fig.1.
Fig.1 indicates that 7 emotions have different time
lengths respectively. Refer to [3] for the original
graphs of these envelopes and the details of dis-
cussion Clynes made.

We call the 7 kinds of proposed sound “essen-
tic sound” in this work. To accept Clynes’ pro-
posal in [3} represents the starting point of this
work. We describe how to evolutionarily generate
these essentic sound in the next section.

3 Generate Essentic Sound Evo-

lutionarily

3.1 Essentic Envelopes

Evolutionary essentic sound is generated by some
evolutionary method (genetic algorithm, for ex-
ample). Essentic sound is the sound that ex-
presses the same qualities as an essentic form has.
This idea is originally introduced by Clynes[3], as
stated in the previous section. In Clynes’ frame-
work, 7 emotions, namely anger, grief, hate, joy,
love, reverence, and sex, have each essentic sound.
Each essentic sound comprises frequency and am-
plitude envelopes. In this work these envelopes
are called “essentic envelopes”. Seven emotions
have two essentic envelopes (frequency and ampli-
tude) for each, so there are 14 essentic envelopes
in all. These 14 essentic envelopes play an impor-
tant role in this work.

In fact, the essentic envelopes used in this work
are reconstructed as digital data by tracing their
pictures appeared in [3], which might affect the
result of this work to some extent.
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Figure 1: Transformation of essentic forms to the
sound of the same quality. For each emotion, the
upper square represents frequency envelope and
the lower shaded square represents amplitude en-
velope. These 14 envelopes are called “essentic
envelopes” in this work.

3.2 Apply Genetic Algorithms

Now we will describe how to apply genetic al-
gorithms to the generation of essentic sound in
detail. When using genetic algorithms, what we
have to consider can be reduced to the following
four points.

e What is an individual?
e What is the fitness function?
o What is the selection function?

o What are the genetic operators?

3.2.1 Individuals

In this work, individuals are sounds. Here, sounds
are defined as a pair of envelopes (frequency and
amplitude). What should be noted here is that
at this stage of the algorithm an envelope is ab-
stracted and only its shape is considered. Ev-
ery envelope is normalized so that the maximum
value is equal to or less than 1 and the minimum is
equal to or more than 0. On a computer program
every envelope (both frequency and amplitude)
is represented as a real-valued array data of the
same length (1024) and each element runs from
0.0 through 1.0.

1024

Figure 2: Similarity calculation between two en-
velopes.

These “abstracted” envelopes, namely sounds,
are “concretized” when the sound is played. For
how to concretize an individual, refer to a later
section.

3.2.2 Fitness Function

The fitness of each individual is calculated accord-
ing to the following steps.

1. Select one emotion out of seven emotions.
The selected emotion is called “target emo-
tion”. The essentic envelopes of the target
emotion are called “target envelopes”.

2. For both frequency and amplitude, calculate
the similarity between target envelope and
the envelope of a given individual.

3. Calculate the average of the two similarities
for frequency and amplitude, and return it
as the fitness of the individual.

The similarity between two envelopes is cal-
culated using the difference between their square
measures. See Fig.2. Let the dotted line be the
envelope of a given individual and the solid line be
the essentic envelope. The shaded area indicates
the difference between two envelopes, so smaller
shaded area results in higher similarity.

Note that essentic envelopes are also abstracted
as well as individuals when calculating similarity.
This abstraction process (max corresponds to 1,
min to 0, and the same data length) makes it pos-
sible to compare all envelopes in the same method
stated above.



3.2.3 Selection Function

The probability with which an individual is se-
lected as a parent for reproduction is weighted
in accordance with its fitness. An individual of
higher fitness value more likely to be selected as
a parent. Each mating of two parents produces
only one child.

3.2.4 Genetic Operators

Genetic operators for reproduction comprise crossover

and mutation. Crossover takes an average of the
envelopes of the parent for frequency and ampli-
tude respectively. Mutation takes an average of
the target envelope and a newly produced child
by crossover. By the definition of crossover here,
it can occur that the fitness scores of all individ-
uals converge on the same value and the evolu-
tion process stops. The mutation operation plays
an important role in achieving an evolution with-
out falling into such premature convergence. The
probability of mutation is set to 0.05.

When a genetic algorithm is used for solving
an optimization problem, mutation is usually in-
troduced so as not to be stuck in a local optimum.
From such a point of view, the above setting of
mutation seems almost like “cheating”. However,
the objective here is to create a new synthesized
sounds and the quality of generated sounds seems
to suggest the effectiveness of the authors’ setting
of mutation. Further discussion on a better con-
figuration of mutation is given later.

One generation comprises 100 individuals. The
individuals of the first generation are made by
random combination of essentic envelopes.

On the experimental settings described above,
it has been substantiated that an evolution is suc-
cessfully achieved for every target emotion.

3.3 Map onto Music Parameters

Having described the algorithmic details so far, we
will now explain how to relate the evolutionary
framework mentioned above to musical aspects.
The aim of this work is to generate essentic sound
using evolutionary method and to communicate
the essentic quality of an emotion, that is to say,
to make a listener clearly feel that emotion. The
subtle setting of music parameters described be-
low was eventually determined based on the au-
thors’ subjective judgment for that purpose.

This work outputs an audio file every gener-
ation. When the algorithm runs to the 7th gen-
eration, for example, 7 audio files are generated.
One audio file has 100 individuals, namely 100
sounds. For each sound, the following four mu-
sical parameters, frequency, amplitude, duration,
and timbre, are controlled in accordance with its
fitness.

1. Frequency

[

. Amplitude
3. Duration
4

. Timbre

3.3.1 Frequency

The frequency of a sound gets closer to the value
given by Clynes[3], as its fitness becomes higher.
Let us suppose that the target emotion is joy and
the fitness of an individual is 1. For joy, the max-
imum and the minimum frequency is set to 771Hz
and 384Hz respectively in [3], so the sound (indi-
vidual) is played at that range of frequencies. The
lower the fitness, the more error is added.

3.3.2 Amplitude

In the case of amplitude, [3] has not stated how
loud essentic sounds should be played, whereas
the shapes of the essentic amplitude envelopes
have been given. In this work the maximum am-
plitude value of a sound is determined based on
its fitness. A sound is played louder as the fitness
becomes higher. Concretely speaking, the ampli-
tude of a sound becomes higher in proportion to
the fitness.

Since the fitness of a sound is calculated in
consideration of the shape of its amplitude enve-
lope by the definition of the fitness function, this
assignment method of amplitude seems to reflect
Dr. Clynes’ original concept.

3.3.3 Duration

As in the case of frequency, the duration of a
sound gets closer to the value given by Clynes,
as its fitness becomes higher. Suppose that the
target emotion is joy again. According to [3], the
duration of the essentic envelopes for joy is ap-
proximately set to 9.4 seconds, so an individual



whose fitness is 1 is played in 9.4 seconds. An-
other individual whose fitness is 0.5 is played in
half the duration of the essentic envelope, namely
in 4.7 seconds in this case.

Though one generation includes 100 sounds of
different durations, It is not necessarily the case
that all sounds start simultaneously. In the case of
an individual whose fitness is less than 1, its start
time can vary to the extent that its end time does
not exceed the duration of the essentic envelope.

3.3.4 Timbre

In this work, the waveform of a sound is synthe-
sized by harmonic addition of a simple sine wave.
As the fitness of a sound increases, namely evo-
lution proceeds, its timbre can be changed grad-
ually from that of a saw-tooth wave to that of
a square wave. An individual whose fitness is 0
is played with a full saw-tooth wave which com-
prises 13 harmonic partials. Increase in the fitness
of an individual reduces the even harmonic par-
tials of the sound. Now, let p be the fitness of a
sound, the strength of an even harmonic partial
of the sound is multiplied by 1 — p%. An individ-
ual whose fitness is 1 is played with a full square
wave. Take a sound whose fitness is 0.5 for exam-
ple. Its even harmonic partials are played in 0.75
times as loud as its odd harmonic partials.

3.4 Change Target Emotion

When an evolution process to some target emo-
tion is almost finished and the average fitness of

individuals is sufficiently high, the algorithm stochas-

tically changes the target emotion and begins a
new evolution process to another target emotion.

This operation is exploratively employed in or-
der to avoid the monotony and to acquire the va-
riety of sound. This concept was originally de-
veloped by Magnus[6]. The authors have been
inspired by the paper.

You can judge whether this function effectively
works by listening to the sound examples intro-
duced below. In those examples, this change-
target function was set to be able to operate only
if the average fitness of individuals is more than
or equal to 0.9.

3.5 What Sounds Are Generated?

As stated in 3.3, this work outputs an audio file
every generation. Since the first generation com-
prises individuals of low fitness values, the output
sound is usually full of chaotic sound. Sound gen-
erated gradually converges on a particular essentic
sound over generations. By the nature of the algo-
rithm employed, the average fitness of all individ-
uals increases monotonically. When an evolution
process is proceeded to some extent, many indi-
viduals of very close frequency sound together.

When the convergence, namely evolution, is
achieved to a certain extent, the target emotion
may be changed to another one. This is due to
the change-target function stated above. If it is
done, the sound becomes chaotic again and starts
new evolution process to another essentic sound.

Some examples of the synthesized sound can
be obtained through the author’s web page[5].
Visit there and read instructions. There are 3
examples. Each of them includes 14 to 20 gen-
erations and covers several evolution processes to
different target emotions. The authors hope that
these examples help readers realize what this work
has done.

4 Discussion

Let us now evaluate this work and discuss the
significance of it. The first point that we should
discuss is whether the original goal we set was
achieved or not. The initial aim of us is to synthe-
size essentic sound evolutionarily and to generate
such sound material as expresses certain emotion
gradually rising from some chaotic sound. The
authors think that to some extent the goal is ob-
tained. Listening to synthesized sound, we can
surely recognize some convergence to a particular
target through a gradual formation of the partic-
ular shape of both frequency and amplitude en-
velopes and through a gradual change of timbre.
This fact seems to show the effectiveness of an
evolutionary method as a tool for sound synthe-
sis and support the authors’ way to apply genetic
algorithm to music domain.

On the other hand, it is not very easy to be
affirmative as to whether evolutionarily generated
essentic sounds certainly rouse some particular
emotions. Though the authors admit that they
have not found the apparent reason for this point,



it seemed to need to study Sentics in more de-
tail and to seek a more effective way to apply the
framework of Sentics to sound synthesis and com-
position.

With these issues in mind, we will now shift
the emphasis to the discussion on the significance
of this work from the viewpoint of a new method-
ology of music composition. This work can be
categorized as one of the challenges to seek a new
effective methodology of composition in computer
music and its central point consists in the atten-
tion to human emotion. Broadly speaking, human
emotion and emotion expression have not been
the main research themes in the history of com-
puter music, though they seems to be one of the
most interesting topics to many composers and
listeners. In particular, it is not an exaggeration
to say that there is no established theory to con-
vincingly explain how music arouses emotion in
listener’s mind. Sentics is a very unique frame-
work in the sense that it directly tackles the issue
of human emotion in the musical point of view.
Admitting the present status is immature, this
work seems to be of significance as a case study
applying Sentic framework to sound generation.

5 Conclusion

This paper described a new sound synthesis tech-
nique named evolutionary essentic sound, with
which “Molto sentito” was composed. We will
conclude the paper by discussing the next step
should be taken so as to improve this work. Var-
ious future research directions are conceivable.

Exploring a more effective setting of genetic
and music parameters will be well worth a trial.
As regards mutation, for example, it is used en-
tirely to promote evolution in the current set-
ting. In addition to it, introducing a new mu-
tation operation which suppresses evolution may
contribute to generate sounds of more variety in
character. The authors also think there is room
for improvement in the way of determining the
duration of a generated sound. It can be worth
consideration to lengthen a sound of low fitness
as well as to shorten.

From a broader perspective one of the most
interesting future steps seems to compose more
musical works by using the algorithm described
here. The history of music obviously tells that the
worth of a newly proposed composing technique

is only demonstrated by musical works composed
with the proposed technique. The authors think
that they can claim the significance of this work
with full confidence only if fully attractive and
convincing musical works are composed with the
method described in this paper. “Molto sentito”
is merely a first challenge toward the goal.
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