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ABSTRACT  
 
 
Expressive characterization of flamenco singing intends to analyze the main 
differences between performances, players, playing styles and emotional intentions. 
This work addresses the characterization of expressive flamenco singing 
performances in two stages: first, a qualitative approach interviewing flamenco 
experts to get hints of what are the main particular aspects of flamenco singing and 
then, a second approach comparing audio recordings of the same melodies sung in 
both flamenco style and in their original styles (classic, Cuban folk and jazz) by a 
professional singer. 
This research intends to provide a characterization of flamenco singing based on 
acoustic analysis of audio recordings and feature extraction such as energy, pitch, 
flatness, hfc, spectral roll-off, etc. 
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1. Introduction 
 
Flamenco is a Spanish musical and dance genre original from Andalusia, the 
southern region of Spain. It appears as a mature folk expression in the XVIIIth 
century, among Andalusian gypsies but its origins have to be found in the 
confluence of Arabic, Andalusian, Islamic, Sephardic, and Gypsy cultures that 
existed in Andalusia prior to and after the Reconquest. Latin American and 
especially Cuban influences have also influenced giving birth to a diversity of 
palos. 
 
Until the beginning of the twentieth century, the flamenco was nothing more 
than an entertainment for taverns, in environments plenty of violence, disorders, 
alcohol, beggars, thieves, bandits and gypsies. The perception changed in 1922, 
when a group of intellectuals (“Generación del 27”), among them Manuel de 
Falla and Federico García Lorca, rise the flamenco to the category of art 
organizing a contest of cante jondo , that is the deepest expression of the 
flamenco singing. This event attracted the attention of literate people, and since 
then flamenco is consider an expression of a profound traditional art. 

 

1.1. Motivation 
 

Digging into the publications about flamenco, most of them are devoted to the 
history, the roots, the singers or the flamenco guitar. All this literature is very 
valuable, but they rarely cover an analysis of cante flamenco, from a descriptive 
point of view, which means, analysing it not only from the artistic side but also 
from an objective perspective to make it possible the distinction from other 
types of singing. 
 
The motivation of this research is to understand the acoustics of the flamenco 
singing voice. The cante1 flamenco has been studied from perceptual points of 
view, using, in general, a subjective vocabulary to explain the quality and 
characteristics of flamenco singing. The lack of scientific studies trying to 
analyze the acoustic particularities of the cante by means of audio feature 
extraction is the motivation of this thesis. 
  
 

 

1.2. Goals of the thesis 
 

                                                 
1 Flamenco singing. See Glossary appendix. 

http://en.wikipedia.org/wiki/Arabic
http://en.wikipedia.org/wiki/Andalusia
http://en.wikipedia.org/wiki/Islamic
http://en.wikipedia.org/wiki/Sephardic
http://en.wikipedia.org/wiki/Roma_people
http://en.wikipedia.org/wiki/Reconquest
http://en.wikipedia.org/wiki/Latin_American_music
http://en.wikipedia.org/wiki/Music_of_Cuba


The main goal of the thesis is to study the flamenco singing by means of 
acoustic analysis. The research focuses on the expressivity characterization of 
flamenco singing, distinguishing a flamenco singing from other types of singing. 
The findings of this research can be used in different contexts. These are some 
examples of application contexts: 

 
– Understand flamenco singing: we intend to provide a novel 

perspective, based on acoustic analysis to improve the  
understanding of this music. 

 
– New tools for learning flamenco singing (cante flamenco): 

singing evaluation software can be developed. As well as other 
software tools exist which evaluate singing for pop style  [21], 
alternative tools can be developed for flamenco singers. Lessons can 
be built for the flamenco style, emphasizing different aspects, such as 
timbre, the tuning or melisma learn-by-example. 

 
– Singing voice synthesizers such as Vocaloid™  [2] 

synthesizer may deal with flamenco singing voice. This is one of the 
purposes of this research, to use the findings of this thesis to 
materialize a voice synthesizer that sounds like “flamenco”. 
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2. Scientific Background 
 

2.1. Characteristic of flamenco singing  
 

Flamenco is an oral tradition where the singing voice carries the main melody. 
The purest flamenco styles consist in just the voice, sometimes accompanied by 
the percussion of a mallet struck against an anvil depending on the style. They 
are categorized in martinetes, deblas, saetas, tonás and carceleras. Considered 
the mother of all flamenco styles (cantes madre), these styles are the roots of the 
flamenco singing.  

 
A toná is a song with a ‘copla’ of verses of either three or four or eight syllables, 
where the second and the forth verses may have assonant rhythm, which is 
usually finished with an imperfect tercet (off-rhyme tercet)  [4]. Its origin is 
uncertain but some studies propose to date it in the XVIII century in Jerez and 
Triana  [22], but more recent researchers propose a later appearance  [23]. 
 
The debla is a song that stems from the basis of the toná. Its melody requires a 
melismatic ornamentation, more abrupt than the rest of the songs of the tonás 
group  [4]. 
 
The martinete is also considered a variety of the toná. It differs from the latter in 
lyrics and its melodic model, which always finishes in the major mode. It is 
usually a sad style and it is played without guitar accompaniment, as the tonás 
group. Nevertheless, martinetes are usually accompanied by the percussion of a 
mallet struck against an anvil  [4]. 
 
Voice is the main carrier of poetical lyrics that are part of an oral history of 
outsiders: bandits, thieves, gypsies, their lives and worries; from the prisons, the 
sound of the anvil in the forges, the hard work in mines and the gypsy 
neighbourhoods; flamenco lyrics come from people scared by indigence, 
superstitions and ignorance. Félix Grande  [19] has defined flamenco as “a 
tragedy in the first person” and “a protest without hope or destination”. 
 
Traditionally, singers have not had a formal training. The art was transmitted 
orally, although this process is changing and formal education is been offered in 
the conservatoires. 
 
Due to the oral transmission of this music tradition, score information is not 
available. Only some transcriptions can be found but they are not adequate for 
flamenco, because they cannot cover some aspects like the microtonalities and 
other expressive features that have no transcription in a regular score. 
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Another difficulty related to flamenco transcription is the discussion about what  
information should be written in a score. For instance, we may ask if we would 
like to include ornaments and details of a particular performance. Another idea 
would be to include just the main melodic line, not including personal or 
ornamental aspects, like the Philippe Donnier transcriptions proposed in  [5]. 
 
All these possibilities are valid. The reader of a score should be able to discern 
among all these levels of detail. It is just a matter of abstraction. 
 
About the melodic aspects in flamenco singing, the studies of  [3],  [4] and  [5] go 
into this issue. Some of their conclusions about the behavior of flamenco 
melodies are: 
 
• Short intervals (2nd, 3rd) are very common. Most of the movements are 

adjacent degrees: the intervals are not very spread. 
• Short pitch range (up to a 6th), insistence on a note: the pitch range present 

in a phrase is very small, and normally does not go further a 6th. 
• High degree of ornamentation (melisma) for improvisation. When singing 

flamenco, the improvisation component manifests in the way of elaborating 
the melisma. 
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Figure 1-b. Manual transcription of a debla 
performed by Tomás Pabón. Figure 1-d. Manual transcription of a martinete 

performed by Tomás Pabón. 

Figure 1-a. Manual transcription of a debla 
performed by Antonio Mairena. 
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Figure 1-c. Manual transcription of a martinete 
performed by Antonio Mairena. 
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Figure 1.- Manual transcriptions of deblas y martinetes. Taken from  [4] with the author’s permission. 



 

2.2. Acoustics of the singing voice 
 

This research focuses on the flamenco singing voice. We provide here an 
introduction to the acoustics of the singing voice as a musical instrument.  
 
The voice organ includes the lungs, the larynx, the pharynx, the mouth and the 
nose. The lungs are in charge of creating excess of air pressure to be released by 
the larynx. In the larynx the air passes through the vocal folds that are elastic 
infoldings of the mucous membrane coating the larynx. The vocal folds are 
fixed to the thyroid cartilages in the front, and to the mobile arytenoids 
cartilages in the back. The vocal folds have also a protective function, avoiding 
small objects in the inspired air stream get into the lungs. The cavity above the 
vocal chords is the larynx. Above the larynx, the pharynx which is a wider 
cavity that is the path from the mouth to the esophagus. The upper side of the 
pharynx is the soft palate (or velum) that connects to the nasal cavity (a 
resonator of the vocal instrument). If the velum is raised, the door to the nose is 
closed, so the air goes out through the mouth (when uttering vowels). 
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Figure 2.- Voice Organ  [2] 



 is a resonant cavity composed by the mouth, the pharynx and the larynx all 
together. The vocal track can adopt different shapes, depending of the position 
of the articulators: the lips, the jaw, the tongue and the larynx. For example, 
lowering the larynx increases the length of the vocal tract. The shape of a 
resonant cavity is very important, because depending on that, some frequencies 
are enhanced and others are attenuated. 

Analysing the physics in the voice organ, as a generator of sounds, three main 
parts can be distinguished: a generator (the lungs), an oscillator (the vocal folds) 
and a resonator (the vocal tract). The higher frequencies are attained when the 
pressure from the lungs is high and the vocal folds are much stretched. The pitch 
is the perception of the oscillating frequency of the vocal folds (produced by 
pressure differential and Bernoulli forces). 

The sound is composed by a fundamental frequency, that is the vibrating 
frequency of the vocal folds, and higher harmonic partials, whose amplitude 
decreases at the rate of around 12 dB per octave, but this rate depends of the 
timbre and the projections of the voice in the cavities. It also depends if the 
singing comes from a trained or not trained singer. The latter has a richer 
harmonic spectrum as singers are trained to enhance higher harmonics. In fact, 
there is an extra formant which is know as the singer formant  [1] between 2500 
and 3000 Hz that enhances the harmonics between this frequencies making it 
possible to hear the singer above an orchestra. 

A resonator is a cavity that enhances some frequencies, resonance frequencies, 
and attenuates others, in a continuous frequency dependent function: the larger 
the frequency distance between a sound and a resonance is, the more weakly the 
sound is radiated. The resonance frequencies are also called formants, and the 
vocal tract has four or five of them. The formants shape the uniformly sloping 
voice spectrum, creating peaks at the formant frequencies. These alterations of 
the voice-source envelope are the origin of the discernible speech sounds: 
vowels and consonants. 

The resonance frequencies are fixed by the shape of the vocal tract. In an 
average male vocal track, these could be around 500, 1,500, 2,500 and 3,500 Hz. 
Longer vocal track determines lower frequencies. The formants are associated 
with standing waves, having its maximum at the glottal end and a minimum at 
the lip opening. 

The cross section is also important for the position of the formants. A 
constriction of the vocal tract where there is a minimum-amplitude pressure 
oscillation leads to a drop in frequency of the formant. On the contrary, an 
expansion of the tract at the same place, raises the formant frequency. 
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2.3. Singing voice models 
 

As Sundberg states, “the voice is the sound originated from an air stream from 
the lungs that it is process by the vocal folds and then modified by the pharynx, 
the mouth, and perhaps also nose cavities”  [1]. 
 
As depicted in Figure 2, the voice source is located in the vocal folds, where the 
air is chopped in a set of pulses, in the case of the singing voice these pulses 
have harmonic frequencies. In the next step, the air goes through the vocal track, 
which acts like a filter amplifying some frequencies and attenuating others. As a 
result, the exponential slope decreasing harmonics outline the formant shape at 
the end.  

 
One of the models that better represents the behavior describe above is the 
Excitation plus Resonances Voice Model (EpR) in  [2]. This model consists of 
three modules in 
cascade that can be 
linked, respectively, to 
the voice source, the 
vocal tract and the 
residual. The first 
module, the source, is 
modeled as a decreasing 
exponential curve in the 
frequency domain plus 
one resonance. The 
second module is a 
filter representing the 
formants of the vocal 
tract. The last module, 
computes the residual 
of the signal, so the 
nuances of the attacks 
and other expressive 
details can be taken into 
account. One advantage 
of EpR is that every 
described property can 
be modified 
independently (except that the residual is slightly affected by the changes in the 
formants, although it can be made up with a comb filter). 

 

Figure 3.-Excitation plus Resonantes Voice Model (EpR)  [2] 
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2.4. Synthesis of the singing voice 
 

When synthesizing the singing voice, the synthesis can be based on different 
models that can be used in isolation or combined with others in order to capture 
and control several aspects of the voice.  
 
First distinction between waveform synthesizers and concatenative synthesizers 
is proposed in  [8]. The waveform synthesizers are focused on generating a 
signal with the target properties, since the concatenative synthesizers base their 
functioning in the concatenation of real recordings of singing voice. 
 
Going inside the waveform synthesizers, another division among them can be 
found: physical models, spectral models and hybrid models  [2]. Physical 
models focus on how the voice is produced, so they use concepts like the glottal 
excitation, vocal tract shape, vocal folds tension and other physical properties of 
the vocal path. Spectral models deal with the spectral properties, and hence, 
with the perceptual characteristics of the signal. Concepts like the spectral 
envelope, pitch and formants appear in this models. As a more complete 
approach, hybrid models offer a treatment which cover physical aspects, like 
the vocal tract shape, and spectral aspects, like the vocal pulse shape at the 
source excitation.  
 
About concatenative systems, the principle behind them is a sampling process. 
Sampling is no more considered just a way to capture the sounds but, 
furthermore, a way to model them. Sonic spaces have been proposed in  [2] to 
explain the complexity of the samples nature and are the concept behind the data 
base dimensions design.  

 
Database construction is only needed when the system is concatenative, because 
the waveform synthesizer creates its own sounds. The first step is to decide 
which are going to be the dimensions that properly define the sonic space. These 
dimensions are very important since they are going to define a topology for the 
sonic space. Therefore they are going to be crucial in the resulting cost function 
and in the criteria to make the transformations before the concatenations. The 
second step in the database construction is the unit selection, which are normally 
successive allophones or di-allophones  [2]. The choice of the unit is a trade-off 
between covering the longest sequence and being closer to the target 
characteristics. This trade-off is reflected in two cost functions: the 
“concatenation cost” which is the cost of putting together two segments and the 
“target cost” which is the cost of transforming a single segment from the data 
base. 

 
At the present time, the more successful synthesizers combine concatenative 
systems, which confer naturalness to the system because samples are real 
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sounds; with waveform synthesizers that make transformations possible and fill 
the gap between the actual samples and the entire space of possible singing 
realizations. 

 
 

 
Figure 4 .- Block diagram of an hybrid concatenative synthesizer  [2] 

 
The most successful model from a perceptual and commercial2 point of view is 
the one composed by the blocks depicted in Figure 4. The input of the system is 
the score and performance parameters. The performer model can be 
automatically defined or manually adjusted every time a synthesis is made. With 
this information, the system search the more suitable samples in the 
performance data base and makes transformations on them (pitch, tempo) to 
create the requested sound. Then all the transformed samples are put together, 
rendering the sound. 

 

 

 

                                                 
2 ® Vocaloid - www.vocaloid.com 
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3. Methodology 
 

This chapter describes the strategies and the tools that have guided this research to 
significant results. The proposed plan is, first, a qualitative approach to the issue of 
what makes particular the flamenco singing. Then, a comparative analysis measuring 
differences in flamenco and non-flamenco performances of the same excerpt is 
proposed. 

 
 

3.1. Qualitative characterization: interviews 
 

Digging into the publications about flamenco, most of them are devoted to the history, 
the roots, the singers or the flamenco guitar. All this literature is very valuable, but they 
rarely cover an analysis of cante flamenco, from a descriptive point of view, which 
means, analysing it not only from the artistic side but also from an objective perspective 
to make it possible the distinction from other types of singing. 

Due to the lack of publications about the expressivity resources in flamenco from a 
sound analysis point of view, the first attempt for searching this knowledge was to 
interview experts in flamenco music. 

 

3.1.1. Experiment criteria: experts 
 
Three experts were selected for their strong background in flamenco music, 
covering three different profiles to widen up the vision they could offer: a flamenco 
guitarist and composer, familiar with tools for voice synthesis; a psychologist and 
expert on flamenco singing, connoisseur of the traditional and purest styles; and a 
flamenco singer, also trained in other styles and the classic vocabulary for music 
notation. 
 
The people interviewed were selected from people having a strong background in 
the flamenco music. In general, from a traditional point of view. We were looking 
for a verbalization of the characteristics present in flamenco music. 
  
- The first expert was Éduard Resina Bertran from the ESMUC3 (Escola Superior 

de Música de Calalunya). He teaches Analysis, Electroacoustics Composition, 
Main Composition and Techniques for composition in this conservatoire as well 
as a flamenco guitarist and composer, and a user of voice synthesizers as the 

                                                 
3 www.esmuc.cat 
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VOCALOID that has been developed by Yamaha Corp4. as a result of a joint 
research together with the Music Technology Group of the Universitat Pompeu 
Fabra. 

- The second one is Dr. Joaquin Mora, Associate Professor of Developmental and 
Educational Psychology in the Universidad de Seville. His main research areas 
are flamenco singing voice analysis, speech therapy, metacognition, deafness 
and biofeedback. Great expert and supporter of flamenco music. He knows well 
the purest and deepest styles of cante jondo. 

- The third one, Alba Guerrero (the singer for the following part of the 
experiments). She stands out for her extensive music education and the variety 
of her musical skills in different styles, apart of flamenco. She is a professional 
flamenco singer since 1999, after studying two years in Seville with the 
flamenco master Naranjito de Triana. Currently, she continues her high degree 
flamenco education at the ESMUC, in Barcelona where she combines with her 
performances. 

 

3.1.2. Experiment criteria: questionnaire 

The proposed questionnaire digs into two aspects of this research: the specificity of 
the flamenco voice and its ornaments; and on the other hand, a list of guidelines for 
the implementation of a flamenco voice synthesizer. The purpose is to find common 
characteristics for the flamenco singing regardless a particular style. 

Questions about flamenco voice and ornamentation:  

1. What are the aspects that make it possible that a voice is perceived as a 
“flamenco” voice compared with other styles as pop or rock?  

2. Which of these aspects refer to timbre? Related to timbre, what type of flamenco 
voices can be identified and what are their characteristics?  

3. Which of these aspects refer to the dynamics both global and variations within a 
note (i. e. tremolo, attacks, legato)?  

4. Which of these aspects refer to the intonation both global and variations within a 
note (i.e. vibrato, attacks, glissando)?  

5. How could a flamenco melisma be identified?  

6. Who are (or have been) the flamenco singers more representative of the 
flamenco expressive characteristics?  

 

Questions about synthesizing flamenco voice:  

                                                 
4 www.vocaloid.com 



1. How do you think that a flamenco synthesizer should sound? To what extent 
should it be similar to other synthesizers that you know? How should it be 
different?  

2. Which are the contexts of use of the flamenco voice synthesizer (secondary 
voices, real time, production …)?  

3. Which are the functionalities that should be included to be able to synthesize an 
expressive flamenco voice?  

 

3.2. Audio description techniques for quantitative analysis 
 

One of the purposes of this thesis is to find the characteristics that distinguish 
flamenco voice from other singing styles. So the research focuses on the 
differentiating aspects. Baring this in mind, the best approach seems to be to 
compare the same songs, performed in different styles and get conclusions from the 
registered data. 

 

3.2.1. Description of the experiment 
 

The experiment consists of recording five songs. Five songs were considered 
enough to get conclusions on the main features of flamenco singing. They were 
proposed by the experts because they represent styles and pitch ranges that can be 
also sung using a flamenco voice. The songs were sung by the same singer, a 
cappella, with no instrument companion. Every song was twice recorded, the first 
time in their original style (classic, Cuban folk or jazz), the second time in flamenco 
style.   
 
First of all, the songs were recorded in their original styles: classic, Cuban folk, jazz. 
Then, the singer was asked to sing them in flamenco style. 
 
Each song was performed the necessary amount of times to have a good sample of it. 
Normally the songs were played twice and the last sample was kept for the analysis. 
The most replayed song, was played three times. 
 
Regarding the recording conditions, the singer was in standing position. The mouth-
to-microphone distance was 30 cm. aprox. The settings for the recording were 
optimized for the singer voice amplitude. 
The recordings were performed at the MTG recording studio, inside the Ocata 
Building at the Universitat Pompeu Fabra, Barcelona in May 2008. 
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3.2.2. Music collection 
 
For our purposes, a number of five songs seems suitable, having a total of ten songs 
to analyze and an average of five times more phrases to compare. 
 
Looking for styles that are compatible with flamenco, we could not help to fall into 
classical compositions by Manuel de Falla (1876-1946), and Cuban folk that already 
gave birth to flamenco subgenres like the Guajiras. 

 
List of the pieces: 
 

- Son montuno, Gloria Estefan, Cuban folk 
- Guantanamera, José Fernández Diaz, cuban folk 
- Pañuelo Moruno, Manuel de Falla, classic 
- Fuego fatuo, Manuel de Falla, classic 
- Sometimes I’m happy (sometimes I’m blue)¸ Vincent Youmans and Irving 

Caesar, jazz  
 
This selection covers three diverse music styles that can be translated into flamenco 
keys.  

 

3.2.3. Singer 

Alba Guerrero stands out for her extensive music education and the variety of her 
musical skills in different styles. She is a professional flamenco singer since 1999, 
after studying two years in Seville with the flamenco master Naranjito de Triana. 

She is now a student at the ESMUC (Escola Superior de Música de Catalunya), in 
her third year of "Cante Flamenco Interpretation" which is a Superior Cycle in 
Music at the Department of Traditional Music. 

She also studied Musical Language at the Taller de Músics in Barcelona. She 
worked there another styles: hindu vocal techniques course. This year she is 
studying Jazz Singing with Ana Finger, learning a technique called Voice Craft. 

All these skills and knowledge make Alba the most suitable singer for this trans-
styles experiment. 
 

3.2.4. Tools 
 
This research combines, firstly, a qualitative approach verbalizing with experts the 
characteristics of the flamenco music with objective and quantitative analysis, that 
may be guided by the experts’ suggestions. Audio signal processing and 
mathematical tools will be used to get the numbers. 
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- SMS Tools is a set of techniques and software implementations for the analysis, 

transformation and synthesis of musical sounds based on a sinusoidal plus 
residual model. These techniques can be used for synthesis, processing and 
coding applications, while some of the intermediate results might also be 
applied to other music related problems, such as sound source separation, 
musical acoustics, music perception, or performance analysis. The basic model 
and implementation was developed in the PhD thesis by X. Serra in 1989  [24] 
and since then many extensions have been proposed at MTG-UPF and by other 
researchers5. 

- Matlab 6  is an integrated technical computing environment that combines 
numeric computation, advanced graphics and visualization, and a high-level 
programming language. 

- Praat7 is a free scientific computer software program for the analysis of speech 
in phonetics. It has been designed and continuously developed by Paul Boersma 
and David Weenink of the University of Amsterdam. It can run on a wide range 
of operating systems, including various Unix versions, Mac and Microsoft 
Windows (95, 98, NT4, ME, 2000, XP, Vista). The program also supports 
speech synthesis, including articulatory synthesis. 

- Essentia8 is an audio analysis and music matching tool. It provides an extensible 
collection of algorithms mainly used to extract features from audio files and to 
compare music pieces. It is written in clean, object-oriented C++, has Python 
bindings and also features a small scripting language designed to make it very 
easy to create and use feature extractors. The audio analysis part of Essentia has 
essentially 2 major modes of working:   

• The standard mode allows the user the load the whole audio into memory 
and then has access to any part of the audio for analysis. This is very 
useful for development or for rapidly trying out new features, etc... 

• The streaming mode works on audio that is sequentially processed as if it 
was flowing through the algorithms. This mode is multi-threaded, 
meaning you get all the benefits of a multi-core CPU, and also needs a 
lot less memory than the standard mode.   

 

 
 
 
 
 
 

                                                 
5 http://mtg.upf.edu/technologies/sms/ 
6 http://www.mathworks.com/ 
7 http://www.fon.hum.uva.nl/praat/ 
8 http://www.mtg.upf.es/technologies/essentia 
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4. Results 
 

Both, qualitative and quantitative approaches were successful in giving light to the 
discussion about what makes different a flamenco voice. 

 

4.1. Interviews: qualitative conclusions 
 

The first expert to be interviewed was Éduard Resina Bertran from the ESMUC 
(Escola Superior de Música de Calalunya). He teaches Analysis, Electroacoustics 
Composition, Main Composition and Techniques for composition in this 
conservatoire. He is connoisseur of flamenco music and a user of voice synthesizers 
as the one developed by the MTG, the Vocaloid. 
 
The conversation with him mainly followed the questionnaire previously presented 
in the chapter where the methodology was described:   
 
• Timbre is not stable in cante flamenco. It even could change from note to note. 

In fact, there is a wide variety of timbres that go from the most classic voices to 
what we could call, the most “gipsy” voices. 

• Vibrato is an interesting issue in flamenco, because flamenco vibrato differs 
from other styles. It is hardly distinguished from a melismatic ornament. It is 
very unstable. It may be modelled as a micromelisma instead of a frequency 
modulation. 

• The dynamics in flamenco are very irregular. A phrase may begin with very soft 
utterances and end with an intense flow of voice, and the other way around in a 
sudden change of dynamics. 

• Melisma, the ornament that consist of changing the note (pitch) of a single 
syllable of text (or vowel) while it is being sung, is characteristic of every palo 
flamenco. 

• When characterizing flamenco voice, we could say that it is more: 

• noisy 

• rough 

• airy 

• In general, and alter reflecting about it, we could summarize that flamenco voice 
is characterized by constant radical changes (in dynamics, timbre, vibratos,…). 

• Flamenco singers to be listened:  

• Niña de los Peines  

• Caracol  

• Antonio de Mairena  
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The following part of the interview touch on the synthesizer. As user of Vocaloid, 
and flamenco guitarist, Éduard’s suggestions are highly valuable: 

• A flamenco voice synthesizer should have a controller for the noise, the air and 
the roughness of the synthesized voice, similar to the current gender controller. 

• For modelling the attacks, it would be very descriptive to be able to draw the 
envelope of the voice spectrum, in order to modify amplitude and timbre, 
visually, in a easy to use way. 

• When designing the synthesizer, be aware of the percussive function of the 
consonants in flamenco (tirititrán, tantrero, nonaino, lerele or torrotrón). 

• A template library, with significant resources for ornamenting a song, as: 

• Phrase openings: “Quejíos", that is a basic element of the cante jondo, and 
can be translated as “cries”. They are often used for warming up the voice 
before the lyrics. This previous singing is called the “temple”, and there, the 
singers try their voices with the guitar. This moment is also called “la salida”. 

• In-phrase ornaments: like a template library for melismas and vibratos.  

• Phrase finals like ai, eu, etc... as this kind of finals are very common 
although the final vowel is just one vowel, it is usually deformed in a 
diphthong of this kind. 

• A template library for onomatopeia and percussive voice resources (le rei le, 
tirititran tran tran). 

 

• Portamento models should be studied and enlarged. The vocal slide between 
two pitches shows particularities that should be studied in detail and 
implemented for the flamenco voice synthesizer. 

 
 

 

The second expert we had the honour to interview was Joaquin Mora, Associate 
Professor of Developmental and Educational Psychology in the Universidad de 
Sevilla. His main research areas are flamenco singing voice analysis, speech therapy, 
metacognition, deafness and biofeedback. Big aficionado of flamenco. Knows well 
the purest and deepest styles of cante jondo. 

 

This interview didn’t follow the questionnaire point by point, but we went into it 
when a issue was not covered by the expert speech. The main ideas extracted from 
that conversation are:  

• Flamenco voice suffers from fashion trends. In flamenco, fads and fashions 
differ from one period to another. This developments can be judged later as 
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positive contributions or negative progressions. Or simply accepted as historical 
trends.  

• It is easier to study male flamenco voice than female flamenco voice, because 
the pitch range in women is smaller and vocal conditions can be better 
appreciated in males. 

• Gipsy voices are somehow different to the payo (non-gipsy) voices. These 
differences are caused by a conglomerate of characteristics, and not by one or 
two. 

• Instability appear in:  

• Timbre (forward projection and bottom projection) 

• Tuning (tuned – out of tune) 

• Vibrato (vibrato and flat voice in the same phrase) 

• The sound is very airy, that can be appreciated perceptually and in the spectrum, 
in the noise between the formants (typical in gypsy voices). 

• Cantaores don’t have the “singer formant”. (More visible this characteristic in 
men than in women). 

• In flamenco voice projection, higher frequencies disappear. Flamenco voice is 
matt. 

• Skilful voice projections produce a extremely rich expression 

• Flamenco is a modal singing. The scale is not very tempered, specially when it 
is a cappella singing, that the singer has in his mind the tonic and builds the 
scale based on that note. 

• The notes are not attacked very cleanly. There is imprecision in the attack, that 
is somehow slow. 

• Finals, may be cut. Sometimes they are not sung and the silence becomes a very 
important expressive resource. 

• Manuel Torres, one of the best cantaores.  

 
 

The third expert to be interviewed was a cantaora, Alba Guerrero that stands out for her 
extensive music education and the variety of her musical skills in different styles, apart 
of flamenco. She is a professional flamenco singer since 1999, after studying two years 
in Seville with the flamenco master Naranjito de Triana. Currently, she continues her 
musical education at the ESMUC, in Barcelona where she combines with her 
performances. 

The interview followed the questionnaire revealing interesting aspects, from the 
singer’s perspective. 
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When asked about the flamenco voice timbre, Alba made a distinction among different 
types of flamenco voices. Flamenco voice can be classified in: 

1. The “voz laina” which corresponds to the falsetto voice in flamenco 
terminology. The best suited voice for the “cantes libres” (the diverse 
“fandangos” and “malagueñas”, the so-called “cantes andaluces”. Characterized 
by its soft and warbling nature, its most famous exponent was Pepe Marchena 
(1903-1976). 

2. The “voz afillá”, is a broken voice, hoarse and cracked, rarely ornamented. This 
style of voice it is the most suitable for the deep feelings expressed in deepest 
cante jondo such as: siguiriya, bulería, toná, soleá. The name “afilla” is in 
recognition of the singer Francisco Ortega “El Fillo”. 

3. The “voz redonda” is a voice very well compensated in low and high tones. 
Tomás Pavón was one of the first singers to develop this type of voice. Other 
singers to have this type of voice include La Serrana, Merced la Serneta, Pastora 
Pavón “Niña de los Peines” and Naranjito de Triana. 

Other classifications enlarge this list with a couple of styles more, like the “voz natural” 
which is the voice coming from the chest, very similar to the “voz redonda” but more 
torn and less clean; and the “voz de Camarón”, that refers to Camarón de la Isla. 

 

Moving into the question of how the attacks in flamenco singing are, she commented 
that they are very sharp and sudden. They are strong and full of energy. Technically 
their name is “glottal attacks”. The glottis is an opening situated at the upper part of the 
trachea and between the vocal chords. The term “glottal attack” refers to the sudden 
explosive release of breath from behind the closed glottis.  

Related to the attacks and the tuning the first note in a phrase, many flamenco singers 
use the appoggiatura in order to reach a note. Normally flamenco singers are not trained 
to reach a note at a first instance and have to use other notes to get to the one they have 
in mind. In fact, flamenco has been made by “following the easiest path for singing”. 
The ornamentation and particular styles emerged from the limitations of great singers 
that found the way to solve them creating the “duende”. On the other hand, ornaments 
not only appeared by getting over deficiencies, but obviously also by the contributions 
of singers’ virtuosism. 

About the dynamics,  the changes in the volume and energy are very exaggerated and 
sudden. Crescendo or diminuendo figures are not present in flamenco. 

The vibrato ornament is basically used to maintain a note or to move between scales. 
Many cantaores do not use vibrato, so it is not inherent to flamenco singing. 

Melisma is a very special element in flamenco singing. It is the ornamental resource 
that gives place for improvising (in general, improvisation is not allowed in flamenco 
singing). There are some patterns that the singer can follow to build his/her melisma. 
Normally the melisma melodic contour flows in microtones, so it cannot be expressed 
by a semitone scale.  
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Other particularities of flamenco singing are related on how the sound is produced, 
from the singer’s abdomen. Analyzing the sound, the pitch changes, but in the singer’s 
intention, the pitch is the same, but the source of the sound, is not, because of a 
movement in the abdomen that changed it. This resource is called “hipo”. 

So far the information collected in the interviews. The table below summarizes the main 
ideas that will be the guidelines for the next step in this research: the analysis of the 
recordings. 
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 QUESTIONS ANSWERS 
What are the aspects that make it 
possible that a voice is perceived 
as a “flamenco” voice compared 
with other styles as pop or rock?  

Constant radical changes. In 
general more noisy, airy and 
rough, but diverse. 
Silence is part of the expressive 
resources. 

Which of these aspects refer to 
timbre? Related to timbre, what 
type of flamenco voices can be 
identified and what are their 
characteristics?  

Many types of flamenco timbre: 
- laina 
- afillá 
- redonda 

Which of these aspects refer to 
the dynamics both global and 
variations within a note (i. e. 
tremolo, attacks, legato)?  

Glottal attacks 
Unstable dynamics 
No crescendo or diminuendo: sudden 
 

Which of these aspects refer to 
the intonation both global and 
variations within a note (i.e. 
vibrato, attacks, glissando)?  

 

Irregular vibrato when present 
Imprecision in the attack to a 
note. 
Appoggiatura in a phrase first 
note attack. 

How could a flamenco melisma be 
identified?  

 

Microtonalities are distinctive in 
flamenco melisma 

Who are (or have been) the 
flamenco singers more 
representative of the flamenco 
expressive characteristics?  

 

La Niña de los Peines, Antonio 
Mairena, Manolo Caracol, Manuel 
Torres, Inés Bacán, La Paquera de 
Jeréz, Chocolate, Naranjito de 
Triana, Pepe Marchena,… 

SYNTHESIZER 
How do you think that a flamenco 
synthesizer should be? To what 
extent should it be similar to 
other synthesizers that you know? 
How should it be different?  

Similar in having controls for the 
noisiness, roughness and air, 
among others. 
Different: micro-tonalities scales 
should be included 
 

Which are the contexts of use of 
the flamenco voice synthesizer 
(secondary voices, real time, 
production)?  

Secondary voices 
Chorus 
Learning tool 

Which are the functionalities that 
should be included to be able to 
synthesize an expressive flamenco 
voice?  

 

Draw envelope voice spectrum for 
timbre definition 
Special “portamento” figures 
Percussive function 
Pattern library for: 
-melisma 
-phrase finals: ai, eu, etc. 
-percussive onomatopeia 

Table 1.- Summary of the interviews to experts 

´ 
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4.2. Sound description 

4.2.1. Spectral analysis (spectrogram, LTSA) 
 

Long term average spectrum (LTAS) analysis has been found to offer 
representative information on voice timbre. It provides spectral information 
averaged over a period of time and is particularly useful when persistent 
spectral features are under investigation. Other studies have used this 
analysis to differentiate styles in folk singing  [7], finding particularities in 
the average spectrum analysis for different styles. 
 
Spectrogram settings: 
 

  
Figure 5 .- Spectrogram settings 

 
Window length was widened to offer a smooth transition in time of the 
harmonics.  
The maximum frequency was set to 8 KHz that largely covers the 
meaningful frequencies in a voice spectrum. 
The time step should be for a Hanning or Hamming window can use any 
hop size of the form (M/2)/k, where M = window size and k = an integer 
beginning in 1, 2, …  [26] 
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LTAS settings: 
 

 
Figure 6 .- LTSA settings. Resolution is set to 50 Hz 

 
Trend line settings: 
 

 
Figure 7 .- Trend line settings. Frequency range to have into account from 400 Hz to 
3KHz. 

 
 
The excerpts to be analysed, have been chosen among the recorded pieces. 
One phrase per song has been chosen with the criteria of having a minimum 
duration of 10 seconds, and a clear flamenco feeling in the flamenco version 
to enhance the differential aspects between the two versions.
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Table 2 .- Spectrogram and LTSA analysis for an excerpt of the Guantanamera  piece: 
“Guantanamera, guajira guantanamera, guantanamera, , guajira guantanamera”. 
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Montuno original Cuban style Montuno flamenco style 
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Table 3 .- Spectrogram and LTSA analysis for an excerpt of the Montuno piece: “Porque ha 
nacido en el vientre del Carib, y el mundo recibe todo el calor que trae el son montuno” 
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Fuego Fatuo original classical style Fuego Fatuo flamenco style 
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Table 4 .-  Spectrogram and LTSA analysis for an excerpt of the Fuego Fatuo  piece: “Lo 
mismo que el fuego fatuo lo mismito es el querer”. 
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Paño Moruno original classical style Paño Moruno flamenco style 
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Table 5 .- Spectrogram and LTSA analysis for an excerpt of the Paño Moruno piece: “Al paño 
fino en la tienda, al paño fino en la tienda, una mancha le cayó, una mancha le cayó. Por menos 
precio se vende, menos precio se vende, porque ha perdío su valor,  porque ha perdío su valor. Ay, 
ay” 
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Sometimes I’m happy original jazz style Sometimes I’m happy flamenco style 
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Table 6 .- Spectrogram and LTSA analysis for an excerpt of the Sometimes I’m happy  piece: 
“I never mind the rain from the skies  as long as I can find the sun shine into your eyes”.  The 
flamenco version should be change into Spanish because the singer could not get into the 
flamenco mood with the English lyrics “Ya no me importa ná las nubes y el mar, tan solo 
quiero estar a tu vera pa siempre jamás”. 

 

Looking at these figures, the formants in flamenco are in general shifted to higher 
frequencies by magnitudes around 300Hz. Other general difference is the energy in 
the signal. Flamenco performances are more energetic than the others, as the 
settings for the recordings were not changed during all the session.  
Another significant difference we can find between flamenco and non-flamenco is 
the trend line that shows a steeper slope for non-flamenco styles, this feature may be 
seen as a result of softer vocal loudness of these styles as compared to flamenco (the 
effect of loudness is reflected in the overall LTAS contour and its slope). Because 
the spectral slope is related to the speed of glottal closure, the differences mentioned 
above suggest that there is a change in the voice source configuration when singing 
flamenco. 
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Figure 8 .- Power density spectrum for flamenco (curve) and non-flamenco 
(bars) styles from the Paño Moruno performances which is representative of 
the classic style. 

 
 
 
 
 

 
 - 29 - 



 
 - 30 - 

 

4.2.2. Melodic description 
 
 
This section aims to analyse the melodic behaviour of flamenco singing 
compared to the behaviour in non-flamenco styles singing. 
The first analysis is the difference of the very same excerpt in flamenco and 
non flamenco performances. The pitch line follows different behaviour 
depending on the version. 
In the figures below, the upper part refers to the amplitude of the sound 
along time. The lower part refers to the pitch evolution in time. Every 
different grey region represents a different semitone in frequency. This 
figures have been obtain with SMSTools9. 

 

                                                 
9 http://www.mtg.upf.es/technologies/sms 
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Flamenco Classic 

 
Figure 9 .- Amplitude (upper figure) and pitch time 
evolution (lower figure) of an ending with “Ay”. The 
evolution of the pitch cannot be transcribe in a 
semitone scale, but in a microtones stepped one, 
because the peaks of the pitch draw microtonalities. 

 

Figure 10 .- The same phrase (“Ay”) as the 
Figure 9 phrase. The pitch is constant, and the 
vibrato maintains inside the semitone region. 

 

Figure 11 .- Another example similar to Figure 9. 
Every different grey in the lower figure refers a to 
semitone region. 

 
 

 
 

Figure 12 .- The same phrase (“Ay”) as the 
Figure 11 phrase. Once again, in the classic style,
appears a vibrato, but not a melisma. 

 

 
 

 
 
The following analysis digs into the inspection of the pitch and the energy 
behaviour. The tool used for this purpose was Praat10  [25]. In the figure above the 
energy line in yellow shows the voice dynamics. The blue line stands for the pitch. 

                                                 
10 http://www.fon.hum.uva.nl/praat/ 



Montuno – Cuban folk 

 
Figure 13 .- Pitch (blue line) and energy (yellow line) analysis of an excerpt of Montuno piece, 
in Cuban style. The grey scale picture behind is the spectrogram of the excerpt and the black 
figure above is the amplitude versus time picture. 

 
Montuno – Flamenco 

 
Figure 14 .- Pitch (blue line) and energy (yellow line) analysis of an excerpt of Montuno piece, 
in flamenco style. The grey scale picture behind is the spectrogram of the excerpt and the black 
figure above is the amplitude versus time picture. The red circle highlights the pitch difference 
in this part respect to the original style performance. 
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The energy is sharper distributed in the flamenco version, at the beginning of the 
vowel. In the Cuban folk style, the energy is maintained during the vowel extent. 
We can also observe mis-tuned parts in the flamenco version (marked in red), which 
is a common practice, as the experts pointed out. 
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Paño Moruno – Classical 

 
Figure 15 .- Pitch (blue line) and energy (yellow line) analysis of an excerpt of Paño Moruno 
piece, in classic style. The grey scale picture behind is the spectrogram of the excerpt and the 
black figure above is the amplitude versus time picture. 

 
Paño Moruno – Flamenco  

 
Figure 16 .- Pitch (blue line) and energy (yellow line) analysis of an excerpt of Paño Moruno 
piece, in classic style. The grey scale picture behind is the spectrogram of the excerpt and the 
black figure above is the amplitude versus time picture. 
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The energy of the flamenco version is greater. Again, in the flamenco 
version the attacks are sharper. The ornamentation reaches a higher pitch 
just before the middle of the phrase and there is a melisma cadence till the 
end of the phrase. On the contrary, the classic version maintains the pitch 
with a vibrato. 

 

4.2.3. Timbre analysis 
 

For the timbre analysis one tool developed by the MTG is applied: 
Essentia 11 , an audio analysis and music matching tool. It provides an 
extensible collection of algorithms mainly used to extract features from 
audio files and to compare music pieces. It is written in clean, object-
oriented C++, has Python bindings and also features a small scripting 
language designed to make it very easy to create and use feature extractors. 
 
Essentia offers are a wide range of descriptors from low level features to 
high level ones. The features that better describe the timbre are all low level, 
and listed below:  
 

• Low level – energy rms  
 
Description: The root mean square energy  [28]. 
 
Output Domain: real, non-negative 
 
 

• Low level – spectral flatness db  
 
Description: This is a kind of dB value of the Bark bands. It 
characterizes the shape of the spectral envelope. For tonal signals, 
flatness dB is close to 1, for noisy signals it is close to 0  [27]. 
 
Output Domain: real, from 0 to 1. 
 
 

• Low level – spectral roll-off  
 
Description: The Roll Off is the frequency for which 85% of the 
spectrum energy is contained below. Like the centroid, the roll-off is 
also a measure of spectral shape, they are in fact strongly correlated 
 [28]. 

                                                 
11  http://mtg.upf.edu/technologies/essentia 



 
Output Domain: real, from 0 to 22500 

 
 

• Low level – spectral flux 
 
Description: Spectral Flux is a measure of how quickly the power 
spectrum of a signal is changing, calculated by comparing the power 
spectrum for one frame against the power spectrum from the 
previous frame. The spectral flux can be used to determine the timbre 
of an audio signal, or in onset detection, among other things [29]. 

Output Domain: real, positive 

 

• Low level - hfc  
 
Description: The High Frequency Content measure is a simple 
measure, taken across a signal spectrum (usually a STFT spectrum), 
which can be used to characterize the amount of high-frequency 
content in the signal. In contrast to perceptual measures, this is not 
based on any evidence about its relevance to human hearing. Despite 
that, it can be useful for some applications, such as onset detection 
 [30]. 

Output Domain: real, non-negative 

 

• Low level - mfcc  
 
Description: This algorithm computes the mel-frequency cepstrum 
coefficients  [31],  [32],  [33] and [34].  

Output Domain: real, matrix of dimensions: #mfcc coefficients per 
#frames 
 
 

The recordings will be analyzed frame by frame to see the temporal 
evolution. Frame size will be 1024 samples. The hop size will be half 
the frame size 512. 
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First excerpt, 10 seconds of the Cuban folk song Montuno “… 
porque ha nacido en el vientre del Caribe, y el mundo recibe todo el 
calor que trae el son montuno”.  
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Figure 17 .- Energy RMS from Montuno excerpt comparing 
flamenco (red) and Cuban folk (blue) excerpts. 

 

ENERGY RMS 
 
The square root energy reaches higher 
levels in the flamenco version and it is 
sharper in general. The energy for the 
Cuban folk version is softer and 
maintained during the vowel. 
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Figure 18 .-  Spectral flatness from Montuno excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

 

SPECTRAL FLATNESS 
Both performances are very similar in 
spectral flatness, although the means 
show that flamenco is more noisy: 
flamenco flatness = 0.2687 
Cuban folk flatness = 0.2935 
With very similar standard deviations: 
flamenco std = 0.0662 
Cuban folk std = 0.0616 
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Figure 19 .- Spectral roll-off from Montuno excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

 

SPECTRAL ROLLOFF 
In general, flamenco has more energy 
spread over the frequencies. In average, 
the frequency under which 80% of the 
energy is below is: 
flamenco rolloff = 2012 Hz 
Cuban folk rollof = 1458 Hz 
With similar standard deviations: 
flamenco std = 2.3004e+003 
Cuban folk std = 2.1916e+003 
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Figure 20 .- Flux from Montuno excerpt comparing flamenco 
(red) and Cuban folk (blue) excerpts. 

 

FLUX 
Flamenco spectral flux is higher than the 
cuban folk is: 
flamenco flux = 0.0124 
cuba folk flux = 0.0082 
The standard deviations are also higher: 
flamenco std flux = 0.0107 
Cuban folk flux = 0.0079 
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Figure 21 .- High Frequency Content from Montuno excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

 

HFC 
The High Frequency Content measure is 
higher for flamenco: 
flamenco average = 2.1074 
Cuban folk average = 0.8590 
 
std flamenco =  4.0829 
std Cuban folk = 1.6344 
 
The high frequency content is bigger in 
the flamenco version. 

 
 
 
 
The next excerpt to be analyzed is one from Fuego Fatuo: “Le huyes y te 
persigue, le llamas y echa a correr. Lo mismo que el fuego fatuo, lo mismito 
es el querer”. The length of the excerpt is16 seconds. 
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Figure 22 .- Energy RMS from Fuego Fatuo excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

 

ENERGY RMS 
 
 
flamenco average = 0.0014 (std = 0.0014) 
 
classic average = 3.4794e-004 (std = 
1.8029e-004) 
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Figure 23 .- Spectral flatness from Fuego Fatuo excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

SPECTRAL FLATNESS 
 
flamenco average = 0.2752 (std = 0.0665) 
 
classic average = 0.3275 (std = 0.0675) 
 
Meaning that flamenco is more noisy. 
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Figure 24 .- Spectral roll-off from Fuego Fatuo excerpt 
comparing flamenco (red) and Cuban folk (blue) excerpts. 

 

SPECTRAL ROLLOFF 
 
flamenco average =1597Hz (std=2033Hz) 
 
classic average = 939Hz (std = 1884Hz) 
 
Flamenco has more components in high 
frequencies. 
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Figure 25 .- Flux from Fuego Fatuo excerpt comparing 
flamenco (red) and Cuban folk (blue) excerpts. 

 

FLUX 
 
flamenco average = 0.0098 (std = 0.0130) 
  
classic average = 0.0015 (std = 0.0018) 
 
Changes in flamenco are more frequent 
and greater. 
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Figure 26 .- High Frequency Content from Fuego Fatuo 
excerpt comparing flamenco (red) and Cuban folk (blue) 
excerpts. 

 

HFC 
 
flamenco average = 2.2524 (std = 6.0020) 
  
classic average = 0.0415 (std = 0.0523) 
 
The high frequency component is two 
magnitude orders greater for flamenco. 

 
 
 

4.2.4. Discussion 
 
A first inspection with the LTAS shows that formants in flamenco are 
generally shifted to higher frequencies by magnitudes around 300Hz. The 
energy in the signal is stronger in flamenco versions. Another significant 
difference between flamenco and non-flamenco excerpts is that the trend 
line shows a steeper slope for non-flamenco styles. This feature may be seen 
as a result of softer vocal loudness of these styles as compared to flamenco. 
As the spectral slope is related to the speed of glottal closure, the differences 
mentioned above suggest that there is a change in the voice source 
configuration when singing flamenco.  
 
Melodic analysis has show more irregularities in flamenco styles where 
vibratos are never as regular as in classic style. The tuning has also proved 
to be different, showing some out-of tune attacks in the flamenco version. 
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In the last section, the timbre analysis, we can see more high frequency 
components in flamenco timbre, although this statistics cannot discern if this 
high frequency presence is in the form of harmonics or in the form of noise. 
 
The flux descriptor tells about how quickly the spectrum changes. This 
descriptor confirms the experts’ opinion about the always varying flamenco 
singing, even in the same phrase. 
 
The spectral flatness descriptor maintains around 0.27 for the flamenco 
selected excerpts and it is higher for the non-flamenco analysed excerpts. 
 
Last but no least, the energy in flamenco singing tends to be higher than in 
Cuban folk singing. Anyway, we have to be cautious with this inference 
since the singer is specialist in flamenco, so she feels more comfortable 
when singing flamenco than with other styles, making it easier to put more 
energy when singing flamenco. 
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5. Conclusions 

5.1. Conclusions  
 

The motivation of this thesis has been trying to delimit the aspects that make a 
singing voice sound flamenco. Experts’ indications had been very useful to have 
an idea of the main aspects: flamenco always changing dynamics. Irregularities 
in vibrato, glottal attacks, imprecision in tuning, difficulties to get a note at the 
first attempt, microtonalities, diversity in the timbres (voz laina, voz afillá, voz 
redonda…), irregular dynamics, etc. 
 
The experiment gave us the material to objectively compare flamenco and non-
flamenco performances by the same singer. The first inspections in pitch and 
energy behavior, confirmed graphically what the experts said about irregularities, 
sharper attacks, out of tune attacks, melisma cadences. 
 
The Essentia analysis has been crucial to have a first quantitative measure of 
flamenco timbre. Higher frequencies get important as the HFC states along with 
the spectral roll-off descriptor. The noise is also stronger in the analyzed 
flamenco excerpts than in the other styles and the energy is greater. 
 

 

5.2. Summary of contributions 
 
The main contribution of this master thesis is the use of our experience in signal 
processing for analyzing flamenco singing voice. 
 
The questionnaire to experts covers the aspects that can be relevant for 
distinguishing flamenco voices from non-flamenco ones: the timbre, the 
melodic behaviour, the flamenco melisma, etc.  
 
The experiment comparing flamenco from non-flamenco performances of the 
same song, by the same singer, give us the environment to objectively compare 
the same phrase with mathematical tools.  
 

 
 

5.3. Future Work 
 
Future work requires a more exhaustive analysis of the recordings, taking a 
bigger selection of excerpts to confirm the hypothesis that in our case is the 
qualitative description from experts; analyze different singers, in order to 
differentiate between personal characteristics and general flamenco features; 

 
 - 43 - 



include male and female singers and analyze differences between them, 
providing statistical analysis on the parameters for different performances. 
 
Another interesting work consists on performing the same experiment with all 
the different flamenco voices described in the interviews section: voz laina, voz 
afillá, voz redonda, voz de Camarón, etc… and find parameters that describe 
each one of this voices (this could be use for the voice synthesizer). 
 
MFCC descriptors can be used to distinguish between flamenco and non-
flamenco performances. They come from the speech recognition field and are 
usually applied in machine learning techniques. MFCC descriptors can be used 
to describe flamenco timbre and compute how effective are they classifying 
styles. 
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6. Glossary 
 
Cantaor (mas.) / Cantaora (fem.) Flamenco singer 

 
Cante Flamenco song 

 
Cante jondo Song referring to the most primitive 

flamenco styles, characterized by the 
depth and magnanimity. The singer must 
give it all to express, solemnly, the copla 
feeling. 

Copla Poetic composition that is the lyric for the 
cante flamenco. In general, it is short, 
condensing all the cantaor’s mood 
expression. There are shocking lyrics, 
which in the mouth of the singer are truly 
soul cries, others are judgmental and wise, 
that in a few short verses summarize an 
entire lesson of deep philosophy. They are 
also expression, in other cases, of the joy 
of singing. Good lyrics are basic condition 
for the cante. 
 

Duende Moment of magic inspiration, manifested 
in the spirit of the artist, suddenly and 
unpredictable in duration. It is the 
supreme and mysterious expression of 
flamenco art. 
 

Melisma The ornament that consist of changing the 
note (pitch) of a single syllable of text (or 
vowel) while it is being sung 

Quejío It is the insertion of a singing “ay” 
afflictive and prolonged or more 
successive “ay”s, regardless of the copla, 
are inserted into it at the beginning, 
middle or end 

Temple Quejíos, cantiñeos and farfulleos the 
singer uses to get in tune with the guitar 
before singing. They are actually an 
introduction or preparation of singing that 
is going to run. 

Table 7.- Glossary containing the main flamenco terms 
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