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General Description of the Work

The 20th century witnessed a dynamic expansion of expressive techniques in music, which
enriched its sonic palette. This development gave rise to corresponding styles, notably spectralism
and sonoristics, which placed a significant emphasis on timbre-related research in the realm of
musicological studies. This innovation was also reflected in the incorporation of non-traditional,
exotic, and electroacoustic instruments into the traditional instrumental repertoire, resulting in a
substantial expansion of the timbral possibilities within musical compositions.

We became interested in the concept of constructing a "timbral model" because we wanted to
create a logical map of the timbral alterations in particular works. The concepts underlying timbral
modifications and transformations are diverse, and every composer develops a special technique. In
most works, the "timbral model" is present. I would like to demonstrate an unambiguously analytical
method for creating a "timbral model" of a work based on the analysis of examples of new Georgian
music (by reviewing the works of Maka Virsaladze, Eka Chabashvili, Rezo Kiknadze and others).

The object of research is various works created by 21st century Georgian modern composers -
Eka Chabashvili, Maka Virsaladze, Rezo Kiknadze, Giorgi Koberidze, Giorgi Papiashvili, Aleksandre
Chokhonelidze. The subject of research is the timbral models in the considered works. The works
under consideration were selected according to the following criteria: in particular, the samples of
composers of one national school, but different styles which are distinguished by a variety of timbral
effects, are presented. and with a rich timbral palette that allows us to demonstrate 'timbral models'.

The research aims to develop the concept of the "timbral model" and the research methodology
of the "timbral model".

Research question - how does the concept of the "timbral model" function (parameters
statistics, layer analysis, spectrogram analysis) in the considered samples?

Research objectives can be formulated as follows:

o Establishing the concept of timbral model

o Identification of the factors/parameters that influence the change of the timbral pattern in

the considered samples

e Revealing timbral model typology
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e Determination of the timbral model by the method of parameter statistics

Study of a timbral model with analysis of layers

Study of the timbral model by the method of spectrogram analysis

e Summary of the research results obtained

Review of theoretical literature

There has been a rise in studies about timbre since the turn of the century. Today's computer
technology has made it possible for scholars studying computer music and psychoacoustics to create
ever-more intricate models of instrumental tones. Following these investigations, we arrived at the
so-called "timbral space" geometric model.

First, we need to define the timbre. In the scientific literature, there are almost as many
definitions of timbre as there are papers on the subject. Many definitions of timbre refer to only one
aspect of timbre, such as voice quality, pitch, loudness, and duration. There is also a tendency to
consider timbre as the sound of a specific instrument rather than as an independent instrument. An
in-depth study of timbre itself reveals that, in addition to the four basic parameters, many more
elements must be considered if we want to create a complete definition of this concept.

The characterization of timbre in terms of its spectral attributes was first formulated by
Helmholtz and is considered the classic theory of timbre. Helmholtz traces the essence of timbre
only to its spectral nature. This view was later criticized. For example, Jean-Claude Rhys noted that
for a complete perception of timbre, it is necessary to consider its other parameters (Sound Attack,
Sound Decay). The definition of the American Standards Association (American Standards
Association) is often used, which considers timbre as an "attribute of auditory sensation". According
to this definition, timbre exists only at the moment when the listener perceives it.

Many timbre-oriented analyses examine the spectral relief of audio recordings through
electroanalytical tools. In the past, timbre was given less consideration as a musical aspect. Practical
moments are to blame for this neglect because, unlike timbre, which cannot be measured, tone and

rhythm can both be quantified.
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Research Methodology

In the dissertation, we utilize quantitative and qualitative methodologies (systematic,
comparative, and analytical).

Employed quantitative research techniques are:

4. Parameter statistics

5. Audio layer analysis

6. Spectrogram analysis

Both audio layer analysis and spectrogram analysis belong to the signal analysis method, which
is both quantitative and qualitative.

We use the idea of a "timbral model" to analyze the works; this is a map of the composition's
timbral effects that indicates the degree of intensity of this transition in the work. Each piece of art
has a unique "timbral model".

The parameter statistics method calculates the number of timbral parameter transformations.

Timbral parameters as a term can be classified into musical and acoustic categories. The works are

analyzed based on these parameters:

8. Tonal nature and periodic signal - different notes in music correspond to different pitches.
Each note represents a specific frequency of sound vibration. For example, the note A4 - the
first octave A - is associated with a frequency of 440 Hz. When a musical instrument produces
a note, it produces a sound wave that is usually periodic. This means that the sound wave
shape repeats over time. Accordingly, tones and periodic signals reflect the same event - that
is, sound vibrations at a specific frequency. The tonal nature therefore means that we have a
periodic signal in the audio sample/piece. Also tonal nature can be either “Immutable” or
“Mutable”

9. Noise and Aperiodic Signal - Aperiodic sound waves refer to any sound that does not have a
regular, repeating pattern. This includes noise as well as other complex sounds. Many
percussion instruments produce sounds that do not have a distinct pitch.

10. Spectral Envelope and Colour - the spectral envelope reflects the processes taking place in

the sound. Sound as a physical phenomenon is energy from any source that propagates in any
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medium (air, water, solid body, etc.). As energy moves through a conductor, it creates
vibrations and therefore frequencies. The spectral envelope is precisely the distribution of
energy at different frequencies. It provides information about the timbre of the sound.
Different instruments or sounds have different spectral envelopes, or unique timbres, which
contribute to their original timbral characteristics. Different spectral envelopes give us
different colours, the sound can become - 'dry’, 'wet', 'cheesy’, 'tense’, etc.

Glissando and Frequency Gliding - Glissando is a technique that involves a smooth and
continuous change in the pitch or frequency of a musical note. It creates a gliding effect in
which the audio frequency/pitch moves from one point to another.

Vibrato and Frequency Modulation - Vibrato is a musical technique that involves pitch or
frequency modulation. In vibrato, the pitch of the note changes smoothly and periodically
above and below the central pitch (the original pitch of the note), resulting in the effect of
oscillation.

Tremolo and Amplitude Modulation - Tremolo, on the other hand, involves amplitude or
loudness modulation. This is achieved by rapidly and periodically changing the loudness or
intensity of the note.

Microtone and frequency change - There is a tiny rise or reduction in frequency during a

microtone shift. The following notation is utilized as "+ 1/4" or "- 1/4" and so on for

simplicity's sake.

Below is a table of these parameters: in the right column, the acoustic name of the parameter

is given, and in the left - the musical name.

parameters parameters
(musical term) (acoustic term)
1. | tonal nature periodic signal
2. | noise non-periodic signal
3. | coloration "spectral envelope "
4. | glissando frequency slippage
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micro-intonation a sound wave's change in frequency

vibrato sound wave frequency modulation

tremolo sound wave amplitude modulation

Here we show the chart and explain the parameter statistics method:

Sa
mp

le

Parameter statistics chart

tonal noi | Trem | Gliss | micro- | Vibra Timbr. Trans. temp. Trans.
nature se olo |ando | intonat | to total quantity coefficient

ion

No

Immutable | nN nT nG nM nV | SUM=nN +nT + | TK = SUM/5
or Mutable nG + nM + nV

We calculate the quantity of each attribute (tremolo, vibrato, etc.). This displays the piece's
timbral vector. For instance, if the sample contains an excessive number of tremolos, we can
infer that the piece's "timbral model" vector is biased to the side of amplitude modulation (i.e.,
the same tremolo). In the event that vibrato wins out, the frequency modulation vector is
present. The "timbral model" of the work also turns out to be more symmetrical with around
equal number of parameters.

We sum up the number of timbral transformations. This gives us an idea of the approximate
number of timbral effects of the piece.

We calculate the intensity coefficient of timbral transformations - the sum of the number of
parameters is divided every 5 minutes. If the obtained result is greater than 10, then the
coefficient of timbral transformations of the work is high, otherwise - low.

The results of the parameter statistics are loaded into a PIE diagram, which provides a timbral
diagram of the sample.

Layer analysis treats timbral architecture as a block-type structure with horizontal and vertical

vectors. These blocks or layers are discussed in the score.
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For the spectrum analysis method, I chose the audio program of the Digital Music Center of
Queen Mary University of London - Sonic Visualizer. This application is tailored for music
researchers and, unlike other competing programs, has additional technical features that make it
more user-friendly.

There were no time or budgetary restrictions on the investigation. Nevertheless, one of the
first strategies that was intended to be used—the interview method—could not be completed. We
think that the interviewing technique itself can be applied to different studies. As a result, this
approach is not utilized anywhere other than the two samples in the first chapter. The research was
not hampered by not employing the interview method.

Research Design

The dissertation's sample collection spans the years 2000-2022. We used this period for our
investigation. Each sample's analysis depends on one of the techniques. When feasible, a pie diagram
is used to illustrate the work's timbral model.

The dissertation's content was organized into three main chapters, each of which included a
discussion of fifteen examples of contemporary Georgian professional music: 1) The first chapter has
six samples. The parameter statistics method was used to analyze the timbral data; 2) There are four
samples in the second chapter. The audio layer analysis approach was used to perform the timbral
analysis; 3) Chapter three contains five samples. I considered several spectrogram types when doing
spectrogram analysis.

Relevance of the thesis

The application of novel timbre research techniques holds immense significance as it paves the
way for a deeper understanding of musical compositions. The introduction and application of the
"timbral model" concept, along with pertinent research techniques such as parameter statistics and
spectrogram analysis, serve as the scientific innovation at the core of this paper. Given the dearth of
scientific literature related to timbre and the absence of studies on the latest professional music
samples from Georgia, the analysis of individual "timbral models" assumes a particularly notable role

in advancing the field.
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25

I use the parameter statistics method to analyze the works in the first chapter. There are four

primary phases to the parameter statistics method:

1. Ascertain the quantity of every timbral parameter

2. Totaling the amount

3. Timbral intensity coefficient calculation

4. Create a PIE diagram

Next, let’s look at the timbral parameter statistics for all samples.

parameters

samp | tonal | noi | Trem | Glissa | micro- | Vibra Timbral temp. Trans.

le | natur | se olo ndo | intonat to Transformations ratio/
e ion - total quantity

No.1| muta | 5 9 18 0 0 32 high
ble

No.2 | muta | 7 8 18 0 0 31 high
ble

No.3 | immu | 7 7 1 0 5 20 average
table

No.4 | muta | 0 25 8 0 0 32 high
ble

No.5 | muta | 10 1 22 3 2 38 high
ble

No.6 | muta | 8 12 16 2 5 43 high
ble

In Sample #1, "Dipsomania" by Eka Chabashvili, the tonal nature's fluctuating character largely

facilitates the timbral model's great diversity. There are numerous standard and non-standard

timbral conversions in use. For instance, a knock, a tremolo in the palm, a pedal, etc. These

techniques cause the colour (spectral envelope) to fluctuate with each wave pulse, making precise
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quantification of the material's amount impossible. Glissando, noise effects, and tremolo are the most
common techniques, whereas vibrato and micro-intonation-related transformations are less
common.

Sample #2: The "Bowerbird" timbral model by A. Chokhonelidze contains minimal vibrato
timbral transitions, a lot of frequency sliding, and periodic/non-periodic signal effects. As a result,
the tonal character is mutable, and micro-intonation is not demonstrated as a timbral effect.
Comparing this to earlier research, there is a distinction. This sample's timbral colouration is even
more dominated by "dry" tones than "Dipsomania" was. "Dipsomania" and "Bowerbird" use different
timbral transformations/effects (cluster/pedal/mixed glissandos).

The original feature of the timbral model is that it creates quite a big diversity without changes
in the tonal nature, especially with modest changes in the timbral parameters (see Sample #3, Maka
Virsaladze's "Millennium"). Colour (spectral envelope) and dynamic modes are where this is
primarily seen. There are no impacts of timbral noise.

The timbral model's distinctiveness in the variety of tonal nature paired with amplitude
modulations is demonstrated in Sample #4, "Diary of a Mad Old Man" by A. Chokhonelidze. This
relates to the artistic appearance and gives the piece an additional hue.

Sample #5 - E. Chabashvili's " Sacrifice " - timbral model very is interesting and we can divide
its duration time into 2 periods: I stage — timbral transformations (mixed timbres, half "Granular"
timbres and short episodes of tonal nature elements ), stage II — outlined tonal spectral envelope,
timbre Transformations are not present anymore. The work is saturated with noise and glissando
effects. We also have an echo timbral setting. The timbral model has a very high-intensity factor.

Sample #6 - E. Chabashvili's "Pyramid" - timbral model is presented in the form of a more mixed
timbral effect. These are, for example, uneven tremolo, uneven vibrato, improvisation on flagolets,
hitting on piano bolts, glissando on piano strings, pedal accent for the sound of strings, call echo in
the piano resonator, etc. The timbre palette of the piece is very diverse due to these mixed timbres,
which is why it is not possible to fully register it on the scale of a simple scheme.

Our assessment of these initial six samples led us to believe that both the type and the quantity

of modifications have statistical significance. It provides us with a specific timbral paradigm for every
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work overall. This means that for every piece under consideration, each composer, utilizing certain
timbral effects, produced a timbral space that was exclusive to him; the corresponding numerical
parameters are shown in the chart we provided.

A great deal of focus is placed on the noise's timbre, which was crucial in creating the timbre
space. Both "granular" and mixed types were discovered. There was a noise effect present in nearly
every sample. But none of the pieces that were taken into consideration managed to adequately
capture this timbral impression. Except for sample 2, which is based entirely on randomization, the
tonal character of the samples under examination ranged from variable to constant. Notably, there
was hardly any microtonal intonation in the samples that were taken into consideration. This
indicates more about the composer's decision to forgo this approach than it does about the works'
relative loss of timbral palette techniques.

Chapter II. (Layer analysis method)

Since the parameter statistics method utilized for the six samples covered in the first chapter is
not universal, a new method had to be developed for the works covered in the second chapter
section. This is so because the timbral architecture of the work can occasionally be shaped by other
larger, macro, or smaller, micro-elements in addition to the timbral parameters. “Layer Analysis”,
which we applied in the second chapter, determines the timbral model of the work by taking into
account the layers of the timbral architecture, including arrays, blocks, descending-ascending,
intersecting, and scattered vector movements, rather than by counting the number of individual
timbral transformations.

The timbre analysis of the 4 samples below was carried out using the following method:

5. Sample No. 7 - The timbral analysis of Giorgi Papiashvili's "Ad Infinitum 'Bodhi Tree" was
made not by the statistics of timbral transformations, but by the analysis of the audio layers of
the timbral space. The duration of the audio sample is 7:55 minutes. The timbral structure is
peculiar and is realized by the audio spectrum of the instruments rather than by intonation
lines. Tonal nature is monotonous. If we look at the audio terrain of the piece, the number of
pulses is small compared to the total duration, and one might get the impression that the

timbral transformation is less present in this piece, although this conclusion would be wrong.
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The movement of the instrument layers, or "Vectors," is what gives this sample its diverse
timbral structure. The instruments enter diagonally and produce a zonal sonic field, or "timbral
space," which is solely dependent on their entrance and departure. The work has a discernible
trend of progression from one layer to three or four layers, utilizing various timbral approaches
in the process. Next, there are rotations, when the first layer's vector enters the third layer and
vice versa. The xylophone and piano's amplitude modulation is the only component that stays
consistent throughout the composition.

Sample No. 8—"Liturgical Symphony" by Maka Virsaladze—was examined using the both
layers analyzis and the parameter statistics method from the first chapter. The total audio
duration is 6:39. The timbral model is constructed like a mirror: the symmetry is created by
the tremolo and pizzicato effects, and the poles are created by the spiccato (noise) and colour
(spectral envelope) effects (I referring to the statistics of the PIE diagram we generated).
Sample No. 9 - "Liturgical Symphony" by Maka Virsaladze. 3 - Total audio duration is 4:52.
Audio terrain is affected by instrument placement. The noisemakers (drums) are positioned at
the edge, while the string section, bassoon, contrabassoon, piano and celesta are at the front.
Therefore, in the overall sound, the mixed timbre is in the foreground, which is sometimes
followed by the noise effect in the background.

Sample No. 10 - Maka Virsaladze's "Liturgical Symphony" Part III. The total audio duration is
4:52. Here, blended timbres more so than manufactured effects make the audio timbre model
intriguing. The effect of layers is produced in various areas by the simultaneous resonance of
several instrumental sounds. Particularly in the second section, when the audio loudness is at
its highest, do these layers become visible? The 36th measure contains one example of this type.
Each instrument has its little auditory block, with the harp's practised glissandos and the
second violin's tremolos providing a background. By producing these layers and a variety of
timbres, this section as a whole broadens the timbral model's content.

Sample No. 11 - liturgical symphony of Maka Virsaladze - Sample audio duration 10: 21. The
analysis was done by the method of layers. This is where we tested the system of measure

coordinates for the first time, i.e., we numbered the measures and active blocks in the table.
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Quantitative statistics of parameters is not a universal approach, as demonstrated by the
examination of four samples from the second chapter. A specific timbral image can be obtained by
examining blocks and vertical/horizontal vectors during audio layer analysis. We examined the
electronic music samples through spectrogram analysis in the third chapter.

Chapter I11. (Spectrogram analysis method)

We decided to use spectrogram analysis as our primary technique for analyzing the samples in
the third chapter. We used the Queen Mary University of London's Sonic Visualizer program as our
analytical tool. Unlike rival tools, this application is designed with music researchers in mind and
includes extra technical features that make evaluation easier.

Here is an explanation of the 5 analysis tools present in Sonic Visualizer :

1. An audio waveform layer - is mapped to the current scale level on the horizontal axis.

2. The spectrogram layer is a visual representation of the spectrum of sound frequencies.

3. Standard or "simple" spectrogram - it shows the full frequency range of the audio file.

4. Melodic range spectrogram - it helps to outline individual musical parameters. It displays a
frequency range of approximately 40Hz to 1.5KHz. This refers to approximately 5.5 octaves
where composers usually create phrases of melodic content.

5. Peak frequency spectrogram - it is similar to the melodic range spectrogram, but aims to
reveal only a specific frequency in the selected sample with certain restrictions.

In the third chapter, a timbral palette study of 5 samples was done using the spectrogram
analysis method. The spectrogram analysis method is widely used in basic science, earthquake
research, medicine, and even space/astronomical research.

The samples selected for analysis in the third chapter belong to the genre of electronic music,
therefore the use of the spectrogram analysis method for them seemed more appropriate. Unlike the
timbre parameter statistics method, the spectrogram shows all timbral effects and transformations as
a geometric figure, making it easier to find timbral effects and determine the overall timbral
architecture. Let’s discuss the samples:

Sample No. 11 — Rezo Kiknadze "GridShapes and Oscillations". In the timbral model of the

2021 composition, we have 3 distinctly different parts and 2 transition episodes. The spectrogram
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showed that the transition episodes are distinguished by clear timbral effects. All three parts create
a kind of scattered, confused audio picture. The first half has a more consistent nature, the second
has a play of layers, and the third portion contains pulsating ambient noises that resemble an audio
"carpet." This information was revealed via spectrogram analysis. A shimmering audio sound
permeates the entire work's sound spectrum. An additional intriguing spectrogram was the peak
frequency one. It demonstrates that in the first two sections, the audio peak units are audible in the
upper register. These elements only shift to very high and low frequencies in the last, third section,
when the so-called "audio carpet" timbral effect appears. This sample's peak frequency spectrogram
makes it evident how dispersed the timbral architecture of the composition is. Artistically, the
association can be made with the "starry sky".

Sample No. 12 — Rezo Kiknadze The 2021 audio installation " Developer's Dream ". Unlike the
previous sample, it is built with 3 timbral effects and has a clearly defined dynamic increase in the
audio wave layer.

Sample No. 13 — Giorgi Koberidze's 2022 "Staying at Home" timbral model is a 2-part 3-layer
structure and, unlike the previous samples, is less ambient. The spectrogram demonstrates the
comparatively uniform distribution of the audio peaks. Long-term momentum vectors that are
upward or downward are absent. It is evident from the spectrogram that the work does not have any
tone glissando timbral effect. Rather, a lot of mixed or "granular" noise, such as glissandos and timbres
of drums, is present.

Sample No. 14 — The timbral model of Giorgi Koberidze's 2022 "Adagio" is built with 3 timbral
blocks and has an interesting melodic range spectrogram. The sound wave of the product has sharp
audio peaks. At the same time, the second half is more dispersed compared to the first. The
spectrogram layer also shows 2 parts. At the same time, the timbral effects are visible in the general
background. From the beginning to the time marker at 00:01:54 we have continuous glissandos in
the form of diagonal lines on the sonogram. Some are steeper (i.e., fast glissando), and others have a
relatively gentle arc (i.e., slow glissando). The uneven distribution and length of glissandos make

their timbral nuances more diverse.
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Sample No. 15 — Aleksandre Chokhonelidze's 2022 “Whispers of the Torn”. Here, the timbral
model focuses on timbral transformations, which derive from the Noise-Art electronic sample-based
composition style of the author.

All five samples discussed in the third chapter are built with specific timbres (synthesized
timbres) discussed in the introduction. Also, there is pronounced timbre brightness (high register
frequencies).

Conclusion

The dissertation's last section presents an overview of the key findings and discusses their
significance and applicability in light of the study's goals and questions. Prospects for further
investigation are also considered..

As a result of the research, the concept of "timbral model" was defined and the research
methodology of "timbral model" was developed. Namely:

A. Through an in-depth analysis of the selected samples, we developed and defined the concept
of a timbral model. The timbral model serves as a representation of the timbral effects within
a specific composition, showcasing the extent and intensity of these transformations in the
work.

B. It was determined that the parameter statistics method is suitable for samples where audio
transformations can be counted, the layer analysis method - for other samples where we have
distinct sound blocks/vectors. And spectrogram analysis is a global method and can be applied
to all compositions.

C. It was discovered that the parameter statistics method, which necessitates a huge amount of
data input, is inefficient in large format works.

D. It was determined that the parameter statistics method is ineffective where the timbral effect
is implemented by the transformation/movement of the layers of the instruments' sounds - the
so-called "vectors". For this case, we developed the "layer analysis" method, which counted the
audio blocks and vectors. The shifting of the layers is reflected both in the score and in the

spectrogram, which shows the movement of the audio material.
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E. It was discovered during the research process that there is a substantial technical obstacle
involved with fully mastering the spectrogram analysis method. The program takes a long time
and a lot of work to master.

F.  The study’s findings indicate that a hybrid strategy can be implemented by combining multiple
techniques.

A portion of the research findings were published in the V. Sarajishvili state conservatory's
electronic journal in Tbilisi, Georgia. The insights gained from this research not only contribute to a
deeper appreciation of the multifaceted nature of timbre in music but also hold the potential to guide
future approaches to music analysis. In essence, this work endeavours to make the concept of timbral
models and their associated techniques more accessible and applicable to researchers, musicians, and

enthusiasts in the ever-evolving landscape of contemporary music.
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