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Abstract 

This dissertation proposes an interdisciplinary approach for the study of the timbre of the 

classical guitar. We start by identifying the static control parameters of timbre, relating 

to the structural components of the guitar and the dynamic control parameters of timbre, 

relating to the gestures applied by the performer on the instrument. From the plucked 

string physical model (obtained from the tranverse wave equation), we derive a digital 

signal interpretation of the plucking effect which is a comb filtering. Then we investigate 

how subjective characteristics of sound, like timbre, are related to gesture parameters. 

The starting point for exploration is an inventory of verbal descriptors commonly used by 

professional musicians to describe the brightness; the colour, the shape and the texture of 

the sounds they produce on their instruments. An explanation for the voice-like nature 

of guitar tones is proposed based on the observation that the maxima of the comb-filter

shaped magnitude spectrum of guitar tones are located at frequencies similar to the formant 

frequencies of a subset of identifiable vowels. These analogies at the spectral level might 

account for the origin of sorne timbre descriptors such as open, oval, round, thin, closed, 

nasal and hollow, that seem to refer to phonetic gestures. In a experiment conducted to 

confirm these analogies, participants were asked to associate a consonant to the attack and 

a vowel to the decay of guitar tones. The results of this study support the idea that sorne 

perceptual dimensions of the guitar timbre space can be borrowed from phonetics. Finally, 

we address the problem of the indirect acquisition of instrumental gesture parameters. 

Pursuing previous research on the estimation of the plucking position from a recording, we 

propose a new estimation method based on an iterative weighted least-square algorithm, 

starting from a first approximation derived from a variant of the auto correlation function 

of the signal. 
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Résumé 

L'objet de cette thèse est une étude interdisciplinaire du timbre de la guitare classique. 

Dans un premier temps, nous identifions les paramètres statiques de contrôle du timbre, 

liés aux composantes structurelles de la guitare, et les paramètres dynamiques de contrôle 

du timbre, liés au geste instrumental exécuté par le guitariste sur son instrument. À partir 

du modèle physique d'une corde pincée (déduit de l'équation d'onde transversale), nous 

dérivons une interprétation numérique de l'effet de point de pinçage, qui est un filtrage 

en peigne. Ensuite, cette recherche explore la manière dont des attributs subjectifs du 

son, tels que le timbre, sont reliés à des paramètres du geste. Le point de départ de 

cette exploration est un inventaire de descripteurs de timbre couramment employés par 

des musiciens professionnels lorsqu'ils décrivent la brillance, la tonalité, la forme et la 

texture des sons qu'ils produisent sur leur instrument. Nous proposons une explication du 

caractère vocal des sons de guitares. Cette explication est fondée sur le fait que les maxima 

de la structure de filtre en peigne du spectre d'amplitude des sons de guitare sont situés 

à des fréquences similaires aux fréquences centrales des formants de certaines voyelles bien 

identifiables. Ces analogies spectrales entre sons de guitares et sons vocaux pourraient 

expliquer l'origine de certains descripteurs de timbre, tels que ouvert, ovale, rond, mince, 

fermé, nasal et creux, qui semblent faire allusion à des gestes phonétiques. Dans une 

expérience menée dans le but de confirmer ces analogies, des participants devaient associer 

une consonne à l'attaque et une voyelle à la partie harmonique de sons de guitare. Les 

résultats de cette étude soutiennent l'idée selon laquelle certaines dimensions du timbre de 

la guitare peuvent être empruntées de la phonétique. Finalement, nous nous intéressons 

au problème de l'acquisition indirecte de paramètres du geste instrumental. Poursuivant 

des recherches antérieures sur l'estimation de la position du point de pinçage à partir d'un 

enregistrement, nous proposons une nouvelle méthode fondée sur un algorithme récursif en 

moindres carrés pondérés, partant d'une première approximation déduite d'une variante de 

la fonction d'autocorrélation du signal. 
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Chapter 1 

Introduction 

1 

[...} to my mind, any community of musicological practice which 

exclu des from consideration living musicians and restricts itself to 

accounts of frozen results of musical action, fails to be an inspiring 

community of inquiry about music. 

Otto Laske [161] (p. 85). 
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1.1 The timbre of the classical guitar 

1.1.1 The guitar as a miniature orchestra 

The modern six-string guitar stems from sixteenth-century Spanish vihuela, which is rooted 

in antiquity. Throughout its history, it has nonetheless been treated as a second-class 

instrument, mostly due to its poor dynamic range. The recognition of the guitar as a 

concert instrument occured largely in the 19th century. Fernando Sor (1778-1839) was first 

of a long line of Spanish virtuosos and composers for the guitar. 

Composers such as Hector Berlioz, Ludwig van Beethoven and Johannes Brahms val

ued the instrument's timbraI qualities. Hector Berlioz, renowned for his great mastery 

of orchestral timbre, taught guitar in Paris for sorne years; in fact, it was one of the few 

instruments at which he was truly proficient. 

The guitar is known as a "miniature orchestra" , not only because it can sustain melody 

and accompaniment simultaneously or play polyphony like the piano, but also because of 

the vast array of timbral variations of which it is capable. The notion of the guitar as a small 
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orchestra has been reinforced by reviews of several guitar concerts in which critics praise 

performers for their ability to imitate the oboe, the violin, the harp, the trombone, the 

trumpet, the horn, and other orchestral instruments. 19th-century guitarists intuitively 

mimicked sorne distinctive aspects of the orchestral instruments' timbre. For example, 

Fernando Sor obtained an oboe-effect by plucking the string vertically to the soundboard 

with the nail very close the bridge. This does not emulate the attack of the oboe, but the 

spectrum produced by this method does indeed resemble the nasal tone of the oboe, at 

least in comparison with a usual guitar tone [30]. 

Another allusion to the orchestral guitar is by the father of the modern guitar, Francisco 

Tarrega (1852-1909), via his pupil Pascual Roch's A Modern Method for the Guitar: School 

of Tarrega. In the section entitled "Artistic and Beautiful Effects on the Guitar," Roch 

describes harp-tones, bell-tones, side-drum effects, bass-drum effects, trombone effects, and 

the clarinet or oboe effects and their production [28]. 

1.1.2 The voice of the guitar 

The vocal quality of the guitar timbre has been noted many times. The early-romantic 

composer Franz Schubert is known to have played the instrument each morning and to 

have written many of his lieder at the guitar [30]. The guitar was for him particularly ef

fective at evoking sung melodies. In his book on the school of Tarrega [28], Roch included a 

section explaining how to imitate the "Cracked Voice of an Old Man or Woman", sobbing, a 

stammerer, and a stammerer singing. The Russian historian Makaroff described a Spanish 

guitarist with very evocative terms: "The vibrato, when performed by Ciebra, was really 

divine - his guitar actually sobbed, wailed and sighed." [21]. Furthemore, guitarists often 

use words related to speech to describe their playing techniques. As Duncan states: "Artic

ulation pauses before notes allow control of col or and of rhythmic placement. Theyenhance 

the clarity of one's musical enunciation by providing space for notes to breathe" [23] (p. 

62). 

1.1.3 Timbre and musical expression 

Timbre plays a major role in musical expression. However, musical expression has been 

traditionally related to expressive timing and dynamic deviations in performance [71]. Less 

attention has been given to how musical expression relates to timbre. This is probably 
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due to the difficulty of defining the features of timbre, which are related to the physical 

aspects of sound in very complex ways. On the other hand, pitch, duration and volume are 

perceptual phenomena that have fairly simple physical correlates. 

1.2 Looking into a timbre subspace 

1.2.1 From a macroscopic to a microscopie point of view 

Timbre can be studied at different levels. From a macroscopic point of view, one may 

examine the differences between the timbre of a viol in and the timbre of a guitar. From 

a microscopie point of view, one may examine the differences within these instrumental 

categories, such as subtleties between a Stradivarius and a Guarnerius violin, or a Ramirez 

and a Rubio guitar. Furthermore timbre can be examined from the performer's point of 

view, by analysing, for example, the difference between a note played ponticello (close to 

the bridge) and tasto (close to the nut) on the same instrument. This is the perspective 

we propose in this thesis. 

1.2.2 Relationship between gesture and timbre 

When examining timbre microscopicaIly, the paramount importance of the performer is 

suddenly brought forth. From where do es the sound truly originate? The instrument or 

the performer? 

When investigating the timbre of a musical instrument, it is crucial to take into account 

the performer's actions, which are responsible for aIl the timbre variations attainable on 

an instrument. The object of the study is not the instrument alone but the interactive 

coupled system made of the performer and the instrument. 

Gesture 
Perfonner ...--------1 Instrument .. 

Primary feedback Acousllcal sIgnal 

Secondary feedback (auditory) 

Fig. 1.1 The performance pro cess loop. 

Verbal 
descriptors 

Fig. 1.1 schematizes the exchange of information between the three elements of a per

formance process: the performer, the instrument and the listener. A musician is at the 
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same time a performer and a listener. The performer applies a gesture to the instrument, 

which in turn reacts to the gesture by producing a sound and by providing the performer 

with primary feedback, which can be visual, audit ory (clarinet key noise, for instance) and 

tactile-kinesthetic [75], as well as with secondary feedback, which is audit ory and corre

sponds to the sound produced by the instrument as perceived by the musician listening 

who can react to this information, as a musician performing by adjusting his/her playing 

techniques. The listener perceives the sounds produced by the instrument and attaches la

bel to them. Expert performers/listeners are generally able to discriminate and intuitively 

describe a large variety of sounds produced by their instruments. 

1.2.3 The verbal description of timbre: an oral tradition 

On the guitar, different plucking techniques involve varying instrumental gesture parame

ters such as the finger position along the string, the inclination between the finger and the 

string (in a plane parallel to the string), the inclination between the hand and the string 

(in a plane perpendicular to the string), the degree of relaxation of the plucking finger, the 

choice of fingering on the neck of the guitar (string/fret combination), etc. 

Among these parameters, the plucking position has the greatest effect on timbre. If the 

plucking point is closer to the bridge, the sound is brighter, sharper, more percussive. If the 

plucking point is closer to the middle of the string or the soundhole, the resulting sound 

is warmer, mellower, duller, as expressed by expert performers/listeners. This intuitive 

correlation between plucking position (a gesture parameter) and brightness (a perceptual 

dimension of timbre) is well-known and acknowledged by most guitarists. But it only 

summarily describes the timbraI palette of the instrument. 

Guitarists perceive subtle variations of instrumental gesture parameters and they have 

developed a very rich vocabulary to d~scribe the brightness, the colour, the shape and 

the texture of the sounds they pro duce on their instruments. Dark, bright, chocolatey, 

transparent, muddy, wooly, glassy, buttery, and metallic are just a few of those adjectives. 

The meaning of this often metaphorical vocabulary is transmitted from teacher to stu

dent, as an oral tradition. A very small number of guitarists (and performers in general) 

write about this vocabulary, which is so often taken for granted. 

In the Western world, a standard notation for timbre never developed. In the East, 

however, a highly elaborate system of notation evolved for the timbres of the Ch'in, an 
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ancient Chinese seven-string lute. One of the earliest written accounts of this notation 

system is the Sixteen Rules for the Tones of the Lute by Leng Ch'ien (14th century B.C.E.). 

It describes in 150 to 200 special characters the techniques for performing the sixteen 

archetypical "touches" or tones of the lute, the names of which include "The Gliding 

Touch", "The Crisp Touch", "The Empty Touch" and "The Profound Touch." [25]. 

1.3 Questions and answers 

Here are the questions that launched this research on the timbre of the classical guitar: 

• What is the effect on sound of plucking parameters such as the plucking position? 

• As gesture parameters are clearly perceived and recognized by experienced perform

ers, is it possible to automatically extract parameters such as the plucking position 

from the analysis of a digital recording? 

• How are different instrumental gestures related to different timbres on the guitar? 

• How do guitarists control, perceive and verbally describe the timbre of their instru

ments? 

• What is the acoustical basis of this vocabulary for the description of timbre? 

• In particular, what is a "round sound"? What is "round" about a guitar sound? 

• What is the "voice" of a guitar? Where does that vocal quality come from? 

The answers to these questions appeared to lie at the intersection of many spheres of 

theoretical and practical knowledge and the need for interdisciplinarity imposed itself natu

rally, bridging across disciplines such as acoustics, signal processing, linguistics, psychology, 

music performance and pedagogy. The sources are accounts of research on topics as di

verse as guitar acoustics, guitar playing techniques, timbre perception, speech production 

and perception and singing techniques. The answers to these questions do not only lie in 

books nor in the computer analysis and simulation of guitar tones. The seed to many an

swers sprouted from a fruitful collaboration with living musicians. Through questionnaires 

and interviews, we unearthed the practical knowledge and understanding of sound that 
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performers develop through years of practice, a knowledge that has been shared almost 

exclusively within the context of teaching the instrument practice. 

This work would not have been possible without the collaboration of guitarists who 

enthusiastically agreed to patiently communicate their art to someone with absolutely no 

prior knowledge in their field. Studying the guitar in isolation would have been very limiting 

since the guitar does not play itself. The guitarist, as an agile-fingered puppeteer, enlivens 

an inanimate sounding object. The guitarist speaks and sings through the instrument; 

indeed the guitar is an extension of the guitarist's voice. 

1.4 Contents and organization of this thesis 

This thesis is divided into three parts that refiect each of the directions in which the research 

evolved. The first part examines the production of guitar tones while the second studies 

their perception. The third is devoted to the extraction of gesture and timbre parameters 

from a recording. 

The first part is divided in four chapters. Chapter 2 presents all the structural compo

nents of guitar that may affect the timbre produced by the instrument. Since the sound of 

the guitar is determined not solely by the construction of its body, but also by the interac

tion between the player's fingers and the string, Chapter 3 covers the interaction between 

the strings and the guitarist's fingers. Chapter 4 describes the physical behaviour of the 

plucked string. The magnitude spectrum coefficients of an ideal plucked string are derived. 

Differences between an ideal string and a real string are presented. In Chapter 5, we present 

the digital signal processing interpretation of the plucking string physical model which is a 

comb filter. Then, the notion of "comb filter formant" is introduced. We also describe the 

digital modeling of plucked strings for waveguide-based synthesis, using a comb filter to 

simulate the localized plucking excitation and we explain how the comb filter delay should 

be set for a realistic reproduction of the performance. 

The second part of the thesis, which concerns the perception of guitar tones, begins in 

Chapter 6 with a review of the main theories of timbre perception and the methods used 

to study the perception and the description of timbre. Chapter 7 contains an inventory 

of adjectives for the description of the timbre of the classical guitar with their subjective 

definitions and corresponding plucking techniques. Information about the vocabulary used 
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by guitarists to describe timbre was collected in two ways: from written questionnaires 

submitted to professional guitarists and from interviews with professional guitarists. In 

Chapter 8, the "phonetic mode" of timbre perception is introduced. The voice and the 

guitar are compared from different points of view. The way in which linguists and musicians 

describe the timbre of speech sounds is reviewed. The interesting fact is that there exists a 

large set of qualifying adjectives used for the description of guitar tones and speech sounds. 

Chapter 9 reports an experiment that was conducted in order to verify the perceptual 

analogies between guitar sounds and vocal sounds, based on the analogies that were found 

at the spectrallevel. In the experiment, participants were asked to associate a consonant to 

the attack and a vowel to the release of guitar tones. Chapter 10 presents all the parallels 

that can be drawn between phonemes - the elementary units of speech - and sonemes -

the elementary units of instrumental music. 

The last and third part concerns the indirect acquisition of instrumental gesture param

eters. Chapter 11 describes signal processing techniques for the extraction of instrument 

gesture parameters specific to guitar playing such as the plucking location along the string. 
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Fig. 1.2 Symbolic picture illustrating a finger technique for the Ch'in, an 
ancient Chinese seven-string lute (from a Japanese manuscript copy of the 
Yang-ch 'un-t 'ang-ch 'in-pu). 'The flying dragon grasping its way through the 
douds' suggests that the touch should be broad and firm, the hand having 
more or less a dawing posture [25]. 
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Chapter 2 

The Classical Guitar 

People are captivated by the sound of the guitar, lured by its intimate 

voice - a voice not always warm and seductive, but by turns cool and 

c/ear, dry and witt y, even angry and violent. 

2.1 General description of the classical guitar ... . 
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2.1.1 Component parts of the guitar ....... . 

2.1.2 Coupling between strings through the bridge 
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2.3.1 The transient 

2.3.2 The decay . . 

2.3.3 The spectral envelope 

A guitar sound is mainly determined by the construction orthe guitar body, the material 

and dimensions of the string, the interaction between the strings and the guitarist fingers 

and the room acoustics. This chapter presents the structural components of classical gui

tar, which are static control parameters of the instrument's timbre. The dynamic control 

parameters, relating to the interaction between the strings and the guitarist's fingers, will 

be discussed in the next chapter. 

2.1 General description of the classical guitar 

2.1.1 Component parts of the guitar 

From a descriptive point of view, the guitar can be broken down into several component 

parts: string, soundboard, and soundbox. The classical guitar has a thin, responsive 

soundboard and is strung with six nylon strings. The three treble strings are made of 

monofilament or multifilament nylon; until the 1940's, they were made of twisted sheep 

gut. The three bass strings consist of wire wrapped around a core of multifilament nylon; 

traditionally, this core was made of silk threads [30J. 

From a mechanical point view, the guitar consists of two coupled vibrators, the string 

and the body. The vibrating string, as it moves, alternately compresses and rarefies the 

surrounding air. Alone, it is not a good sound radiator because of its small dimensions 

when compared to the wavelength of the generated sound. In order to better radiate the 

sound, the string is connected through a bridge to a body acting as an impedance adapter. 

Although it is not strictly speaking an amplification as there is no increase in the total 

energy supplied to the instrument, the effect of the body is perceived as an amplification 

of the sound. 

The important parts of the guitar body are the bridge and top plate, the ribs, the back 

plate, the air cavity and the soundhole. 
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bridge 

Fig. 2.1 Structural elements of the classical guitar. 

The vibrating string applies a force on the bridge and pushes the top plate into vibration. 

The movement of the top plate sets into vibration the ribs, the air cavity, and the back 

plate. The sound wave radiated by the guitar body then travels from the instrument to 

the ears of the guitarist and of the audience. 

2.1.2 Coupling between strings through the bridge 

Table 2.1 gives the standard tuning for the six strings of a classical guitar. 

String Note Standard tuning 
number name frequency (Jo) 

6 E (Mi2) 83 Hz 
5 A (La2) 110 Hz 
4 D (Ré3) 146 Hz 
3 G (So13) 202 Hz 
2 B (Si3) 248 Hz 
1 E (Mi4) 330 Hz 

Table 2.1 Standard tuning for the six strings of a classical guitar. 

When a string which shares the same pitch as (or has a common harmonie with) another 

string is plucked, the plucked string excites the unplucked string through sympathetic 

vibration and creates atone which differs greatly from the normal plucked-string sound [30]. 
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2.1.3 Fret rule for guitars 

To set definite pitch relations between notes, met al inserts called frets are inset in a fret

board on the neck of guitars. The raised edges of the frets provide fixed lengths of string 

when the string is held down against them with a finger. The interval between successive 

frets is normally one equally tempered semitone. Guitar makers use a rule of thumb con

sisting in placing the frets one-eighteenth the remaining length of the string [6]. A string of 

length 17/18 of its original length is sharper by an interval of 98.9 cents, which is slightly 

less than an equally tempered semitone of 100 cents. 

2.2 The body of an acoustic guitar 

2.2.1 The top plate or soundboard 

Since a thin string is not very efficient at moving air, it is necessary to connect the string 

to a soundboard whose greater surface area is more efficient at radiating vibrations. The 

link between the strings and the soundboard is the bridge. Not only holding the strings, 

the bridge determines the sound of the instrument by affecting how much of the string 

vibration is transmitted to the soundboard. Depending on its stiffness, the soundboard can 

be considered as a membrane or as a plate, and can simultaneously vibrate in a number 

of simple and complex modes [30]. It must be stiff enough to resist the tension from the 

strings so that the instrument will not bend; it also has to be light and flexible to respond 

weIl to the string vibrations. 

The wood which is normally used for the top plate is spruce or cedar. Each wooden 

plate is unique in terms of its physical properties, which differ along and across the grain, 

vary from region to region on the plane, and depend on the way the panel is cut from the 

tree. 

On the underside of the top plate, strips of wood called struts are glued in a pattern. 

They support the top plate against the string tension. The shape of the top plate modes 

and their contribution to radiation depends strongly on the chosen bracing pattern [15]. 

2.2.2 Coupling between string and soundboard 

When an ideal string is set into motion between two completely stationary bridges, the 

only energy loss is due to friction within the string and friction between the string and 
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the surrounding air. But when one end of a string is coupled to a resonator, such as the 

soundbox of a guitar, energy is exchanged between the two systems. 

The direction in which the string moves will determine the motion of the soundboard, 

but the soundboard's flexibility will also determine the movement of the string. The two 

systems affect each other (i.e. they are coupled) and the player can control the amount 

and quality of the force applied to the soundboard by the manner in which the string is 

plucked. 

The string vibrational modes can couple with those of the body more or less strongly 

depending on the quality factor of the body modes. If the coupling is strong, the string 

and body modes are both perturbed so strongly that two totally new resonant modes of 

the string-body system appear instead of the uncoupled string and body modes. The 

strong coupling splits the resonant frequencies of the normal modes symmetrically about 

the unperturbed resonant frequencies, and both modes appear with the same damping. 

String and bridge move in phase at the lower frequency mode and in opposite phase at the 

higher frequency mode. 

The plate will radiate most of the energy at its resonant frequencies very efficiently, but 

sorne of the energy at those frequencies will be fed back into the original vibrating string, 

as weIl as into the other five strings, through the movement of the bridge. If one or more 

of the unplucked strings resonate sympathetically with the driven string, the sound will be 

enhanced; if not, the energy loss will simply hast en the decay of the plucked string. 

2.2.3 The guitar body as a Helmholtz resonator 

An important resonant mode in the guitar body is due to the air resonance resulting from 

a standing wave created within the soundbox. 

A Helmholtz resonator or Helmholtz oscillator is a container of gas (usually air) with 

an open hole (or neck or port). As illustrated on Fig. 2.2, a mechanical analog system 

is a spring (corresponding to the air vol ume) connected to a mass (corresponding to the 

opening). The resonant frequency of a Helmholtz resonator is inversely proportional to the 

square root of the volume of the body and is approximated with the foIlowing formula: 

cfA 
f = 2n V "Vi (2.1) 
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Cavity 
V 

The Classical Guitar 

Fig. 2.2 Helmholtz resonator and its mechanical analog, a mass-spring sys
tem. 

where c is the speed of sound, V is the volume of air in the container, A and L are the 

cross-sectional area and the effective length of the opening respectively. Therefore, the 

mass of the air in the neck is p x AL, where p is the air density. 

The effective length of the neck is greater than its geometrical length since an extra 

volume of air both inside and outside moves with the air in the neck. The extra length 

that should be added to the geometrical length of the neck is typically (and roughly) of 0.6 

times the radius of the outside end, and one radius at the inside end. 

In a guitar body acting as a Helmholtz resonator, the opening is the tonehole. The 

area of the tonehole is round and is easy to determine. The geometrical length of the neck 

is very short (only a couple of millimeters thick). The effective length of the neck can 

be approximated to about 1. 7 times the radius of the tonehole. The frequency of the air 

resonance in a classical guitar body is often around 120 Hz [6], and is approximately a 

perfect fifth below that of the first plate resonance. 

2.2.4 Top plate modes 

Fig. 2.3 illustrates the first six modes of the top plate (predicted with Finite Element Anal

ysis). Resonant guitar modes create large vibrations and hence radiate sound efficiently. 

These modes have a direct effect on the acoustic spectral response. Most guitars tend 

to have three body resonances in the 100-200 Hz region, due to top/back coupling and 

the Helmholtz mode by virtue of the soundhole. The T(l,l) fundamental mode (as illus

trated on Fig. 2.3) usually radiates the greatest sound intensity, and the wavefronts radiate 
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outwards in a roughly spherical manner. The T(2,1) dipole radiates a volume with two 

large, diametrically opposing lobes. The radiation is less efficient at higher frequencies, 

and consequently higher frequency modes do not show as strong resonances, although they 

contribute to the instrument timbre. 

(a) T(l,l) 
168 Hz 

(c) T(I,2) 
434 Hz 

(e) T(4,1) 
612 Hz 

(h) T(2,1) 
244 Hz 

(d) T(3,1) 
.506 Hz 

(f) T(I,3) 
672 Hz 

Fig. 2.3 Predicted top plate modes with the Finite Element Analysis. Figure 
from [2], data from [19] (in [15]). 

2.3 The signal features of a guitar sound 

At the moment of the attack, the player touches the string with both hands; the left 

principally determines pitch and the right controls loudness and timbre (for a right-handed 

guitarist). Timbre is, in fact, the most variable parameter within the guitarist 's control. 
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2.3.1 The transient 

The guitar body, with its own natural modes of vibration, does not immediately vibrate 

with the string, but responds initially in a complicated way which gives ri se to the starting 

transient, the attack [32]. The attack is characterized by its rise time. Compared to other 

instruments, the guitar has an unusually quick attack. 

In plucked stringed instruments, the soundboard does not start its vibrations from a 

state of l'est; rather, it begins its motion from the shape into which it is deformed by the 

string, which is displaced before it is released. When the string is released from the plucker 

(finger or plectrum), first the top begins to vibrate in a mode that is determined by the 

initial deformation of the soundboard, and then it begins forced vibrations determined by 

the frequencies of the driving string [30]. 

The effect of different plucking angles on the deformation of the top plate is discussed 

in the next chapter. 

2.3.2 The decay 

The transient disappears as soon as the string has convinced the soundboard to vibrate at 

the string's frequency rather than of its own. In other words, a steady-state vibration is 

never achieved because each note begins to decay as soon as the full amplitude is reached. 

Alone, the string would vibrate in a more or less regular way from the moment of release; 

however, its vibrations are affected by the coupling with the body through the bridge. The 

levels of the different partials decay at different rates, higher partials decaying faster than 

lower ones. 

2.3.3 The spectral envelope 

The main parameters affecting the spectral envelope are the choice of string, the plucking 

position and the direction in which the string leaves the plucking finger. Other than using 

a different string, the most effective method of colour modulation of atone is to change 

the point at which the string is plucked [30]. 

The shape of the spectral envelope is at the core of this investigation on the timbre of 

the c1assical guitar and will be discussed in the next three chapters. 
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Chapter 3 

Instrumental Gesture Parameters for 

the Classical Guitar 

[...j Then left and right hands shall be like Male and Female Phoenix, 

chanting harmoniously together, and the tones shall not be stained 

with the slightest impurity. The movement of the fingers should be 

like striking bronze bells or sonorous stones. [...] These tones shall in 

truth freeze alike heart and bon es, and it shall be as if one were going 

to be bodily transformed into an Immortal. 

(from the description of the "Clear touch" on the Chinese lute [25]). 
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The sound of the guitar is determined not solely by the construction of its body, but 

also by the interaction between the player's finger and the string. This chapter presents 

the different parameters of the instrumental gesture applied by the left and right hands on 

a classical guitar. 

We will calI instrumental gesture the actual instrument manipulation and playing tech

nique on an instrument [67]. We will consider here the effective gesture [69], defined as the 

purely functionallevel of the notion of gesture, i.e., the gesture necessary to mechanically 

pro duce the sound (like blowing in a flute, bowing on a string, pressing a key of a piano, 

etc.). The parameters of an instrumental gesture are, for example, the speed of an air 

jet, the location of a pluck along a string, or the pressure applied with a bow on a string. 

The variations of these parameters have an effect on the timbre and are generally clearly 

perceived by a trained listener such as a professional musician. 

3.1 Fingering and plucking gestures 

For the case of the classical guitar, there is a gesture on the left hand - the fingering gesture 

- and a gesture on the right hand - the plucking gesture (for a right-handed guitarist). 

fingering 
gesture 

l 

Fig. 3.1 Fingering and plucking gestures on the classical guitar (picture 
from [23] p. 9). 
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3.1.1 Fingering gesture 

The fingering point on a guitar string is where a player presses a string against a fret with 

the tips of his left-hand fingers. The effect is a shortening of the vibrating portion of the 

string, determining the fundamental frequency of the tone. The fingering is therefore a 

selection as well as a modification gesture [68] and its parameters are the fret-string choice, 

the finger pressure, the vibrato amplitude and frequency, and the bending. 

Fingering #1 l' ÜII~~ ~ i' i J' r3--.rJ-J;-~~---] Ji ri) r ë i~Tr ,i' Il 
String 3 2 1 2 3 3 2 1 1 1 2 

Finger: i mai m a m m i m i m 

String 2 2 1 2 2221112 
Finger: m m i m m m i m i m 

Fingering #3 1 Il ~ ~ i' 'Ü ~ i J,'r;-],' J' ;, 1 r'~) l [[Ji f-r 'rr 'i' Il 

iü H 
Fingering #5 1 i§ H ~ ~ i' 

String 4 3 2 3 2 2 2 3 3 2 1 1 1 2 
Finger: pmi m m m i m i m 

_.....-,-.-···-"l~··_·"--····_-

Jl 1 J JJ r FFI r ' i' 
String 2 1 1 1 1 1 1 

Finger: i m i m m m m i m i m 

String: 2 2 2 2 2 22222122 
Finger: i m i m m m m i m i m 

Fig. 3.2 Five different fingerings for an excerpt from L'encouragement for 
two guitars by Fernando Sor (1778-1839) according to guitarist Peter Mc
Cutcheon. String 1 is the highest string. Fingers are notated p for thumb 
(pouce), i for index, m for middle finger and a for ring finger (annulaire), 

Il 

When a piece is fast and difficult, guitarists choose the most convenient fingering. Mov

ing hands across and along the fingerboard causes qualitatively different amounts of dif

ficulty [44]: across the neck, only the fingers are displaced and along the neck, the hand 

needs to be repositioned [72]. When a piece is slower, there is room for guitarists t6 decide 

on a fingering according to the timbraI effects to which it leads. Fig. 3.2 shows five pos-
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sible fingerings for a slow excerpt from L'encouragement for two guitars by Fernando Sor 

(1778-1839). 

3.1.2 Plucking gesture 

In the classical style, the string is not simply pulled aside by the fingernail. It is pushed 

towards the soundboard by rolling and sliding on the fingernail and is released from a posi

tion lower than its rest position having an initial amplitude and velo city distribution along 

its length. The string st arts vibrating on a plane almost perpendicular to the soundboard 

so that a strong vertical force component is created at the bridge, which results in a strong 

soundboard response and a loud sound [15J (p. 8). The different factors that affect the 

string-finger interaction pro cess are the frictional force between string and fingertip, the 

waves created on the string during the interaction, the physical properties of the string, 

and the physical properties of the finger. 

While playing, every guitarist is able to vary specific parameters of the plucking action 

in order to obtain a desirable sound quality. These parameters are the plucking position, 

the pick material (finger, fingernail, plectrum), the width of the fingerjfingernailjplectrum, 

the degree of relaxation of finger, the weight of finger on the string, and the angle with 

which the string is released. 

The angle with which the string is released depends on the angle between finger and 

string (in an orthogonal plane parallel to the string) and the angle between hand and string 

(in an orthogonal plane perpendicular to the string). 

The plucking point is where the player excites the string by plucking it with his or her 

right-hand fingers, using a pick or a fingernail. The location of the plucking point has 

an effect on the timbre of the tone. The plucking is therefore an excitation as well as a 

modification gesture. Normal plucking position is somewhere between a third and a tenth 

of the string length (i.e. 3 to 20 cm). 

3.2 Notation for plucking techniques 

The different notation systems for the plucking techniques are a unique source of informa

tion about the ways a guitarist's finger can interact with the string. The most elaborate 

notation system is most likely the one developed by the Chinese for the timbres of the Ch'in, 

an ancient seven-string lute. The notation attempts to express in words the timbre of the 
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tones. The terminology was borrowed from the rich vocabulary of aesthetic appreciation, 

used by Chinese artists and connoisseurs [25]. One of the earliest volumes, Sixteen Rules 

for the Tones of the Lute, by Leng Ch'ien (14th century B.C.E.), describes in 150 to 200 

special characters the techniques for performing the sixteen archetypical "touches" or tones 

of the lute. These sixteen touches are respectively described as light, loose, crisp, gliding, 

lofty, pure, dear, empty, profound, rare, antique, simple, balanced, harmonious, quick or 

slow. Rather than describe finger technique exdusively in terms of direction and strength of 

plucking, the Ch'in literature uses symbolic pictures to relay the" spirit" of each technique. 

The explanations are often accompanied by elaborate drawings. For example, the drawing 

of "a flying dragon grasping the douds" (shown on Fig. 1.2) suggests that the touch should 

be broad and firm, the hand having more or less a dawing posture [25]. Fig. 3.3 gives an 

other example of a symbolic picture illustrating finger technique for playing a note on the 

Ch'in. AlI the information needed to perform a note on the Ch'in is illustrated by a single 

character. For example: "Kou: the middle finger pulls a string inward, 'A lonely duck 

looks back to the flock.' The curve of the middle finger should be modelled on that of the 

neck of the wild duck: curved but not angular. If the middle finger is too much hooked, 

the touch will be jerky." [25] (p. 127). 

Several Western composers and guitarists attempted to define and notate plucking tech

niques more or less precisely. For example, Gilbert Biberian, for his piece Prisms II (1970), 

lists a catalogue of right-hand positions the performer should use to achieve different tim

bres: 

• Fo. - Flautando: note is struck at the half-way nodal point; 

• To. - Sul Tasto: right hand placed between 12th and 19th frets, irrespective of pitch; 

• Bo. - Sul Boca: right hand placed over the sound hole; 

• No. - Normale: right hand placed between sound hole and bridge, but doser to the 

sound hole; 

• Po. - Ponticello: play as near the bridge as possible. 

Another system of right-hand notation was designed by the Italian guitarist Alvaro 

Company in the early 1950's [22]. With his system, he aimed to expand the timbraI 

notation of the guitar. He attempted to create a standardized right-hand notation that 
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Fig. 3.3 Symbolic picture illustrating finger technique for playing a note on 
the Ch'in. Monumenta Nipponica Monograph, Tokyo, 1969 [25]. 

27 

would take into account aIl aspects of right-hand technique. The great advantage of this 

notation system (as shown on Fig. 3.4) is that aIl information is transmitted in a single 

glance. One composite symbol indicates the player where, with what, and how to pluck 

the string, as do the characters in the music for the ancient Chinese Ch'in. 

3.3 The main plucking parameter: the plucking position 

Among the instrumental gesture parameters that contribute to the timbre of a guitar sound, 

the location of the plucking point along the string has a major influence. Plucking a string 

close to the bridge pro duces atone that is softer in volume, brighter, and sharper. The 

sound is richer in high-frequency components. This is physically explained by considering 

the fact that the slope of the portion of the string connected to the bridge is steeper. On 
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FINGERNAlL POSITION ON THE STFJNG .,.. ................. ". ~.~ 
The syrnJ:,ol represents the section of string between the 12th fret aJUi the bridge . ....... ,. i ! . , 
The syrnJ:,ol 1\. represents the fingernail. ' ............ ~ . ...: 

The position of the sign 1\. on the line --- indicales the point where the string must be plueki!d 
(from the 12th fret ~ to the bridge :n. ). 
The inclination of 1\. on --- indicales the angle al which the fingernail plueks the string. 

Fingernail inclined: r' Fingernail strajght: JI\: 

Side of the fingernail: -i>$"-- With the fingertips ('Without the najl): 

A FEW EXAMPLES: 

r- Fingernail inclined al the 12 th fret. 

$" With the side of the najj al the soundhole. 

---1\.-' Fingernail stmight al the bridge. 

-ç ....... - (Without the najl) 'Withfingertips al the fingerboard. 

1 

~ Pluek the string near the bridge, while touehing the saddle of the bridge 'With the fingernail. 

1\.: 
1 

Pluek the string exactly midway along ils vibrating length. 

Fig. 3.4 Alvaro Company notation [22]. 
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the other hand, plucking toward the neck (closer to the midpoint of the string) makes a 

louder, mellower sound, less rich in high frequency components. Because of the position 

of the right-hand fingers, the low strings are usually plucked further away from the bridge 

than the higher ones. 

Sor suggests that the usual placement of the right hand should be approximately one

tenth of the whole length of the string: "For a more mellow and sustained tone, touch the 

string at one-eighth part of its length from the bridge ... If a louder sound be desired, touch 

the string nearer the bridge than usual, and in this case use a litt le more force in touching 

it." [31] (p. 4). 

3.3.1 The main plucking positions 

A specialized language has evolved for dealing with the description of plucking positions. 

This terminology is often vague since it does not refer to exact positions. 

The ponticello position 

Tarrega, in Gran Jota (1872), uses the ponticello position to obtain a metallic sound. 

In mu ch of the early twentieth-century literature - Hindemith's Rondo for Three Guitars 

(1925), for example - the word metallic is also used to me an ponticello [30]. Ponticello is 

one of the most common methods of obtaining tonal contrast in guitar music. 

The tasto and ftautando positions 

The opposing sonority to ponticello is called sul tasto (plucking over the fingerboard) or 

ftautando (ftuted tone); these terms are also borrowed from the terminology of bowed string 

instruments [30]. Sor calls a "harp tone" atone plucked halfway between the 12th fret and 

the bridge1 [31], as does Tarrega/Roch: "Right hand plucks the strings at any point of the 

space between the 18th and the 12th frets2 , the tones are quite like those of the harp, and 

the more so, the higher you go" [28] (p. 69). 

Musically, ponticello and tasto are often used to change the meaning of a repeating 

event by presenting the material in a different colour. This change of plucking position can 

also convey a change in the event's character. 

1The 12th fret is located at half the string's length since an octave equals 12 semitones. 
2The portion of the string corresponding to the 18th fret is 1/218/12 = 1/2.8 ~ 1/3. 
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Fig. 3.5 Frequency analysis of the displacement wave of a string plucked 
at its midpoint. Odd-numbered modes of vibration add up in appropriate 
amplitude and phase ta give the shape of the string [6]. 

The half-string tone 

When a string is plucked exactly halfway along its vibrating length (above the 12th fret), 

a very round, harplike sound is produced. Smith-Brindle qualifies this as a "clarinet tone". 

The acoustical basis of this analogy is that a mid-string pluck produces only odd harmonies, 

which is similar to the frequency content of the tones of a clarinet, as illustrated on Fig. 3.5. 

The clarinet is in fact an instrument which can be approximated by a tube closed at one 

end and open at the other end that theoretically resonates only at odd integer multiples of 

the fundamental frequency. 

3.4 Plucking angle and angle of release 

3.4.1 Angle of release 

Flamenco music needs rather short and loud tones while chamber music normally requires 

long duration tones. The angle of release of the string affects the coupling between the string 

and body modes and influences the amount of excitation of the different body modes [15]. 

Therefore, a player can control the balance between horizontal and vertical motion by 

adjusting the angle with which the string is plucked. 

Classical guitarists use primarily two strokes: 

• the apoyando stroke (also called downstroke or rest stroke); 
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• the timndo stroke (also called upstroke or free stroke). 

APOY ANDO STROKE 

(a) 

tLJ~ 
(h) (c) 

ju 
string 

nai! 

0 0 0 

TIRANDO STROKE 
(a) 

.v~ 
(h) (c) 

string .--. 
~H ~ 

0 .. ~ ~-

Fig. 3.6 Apoyando and tirando strokes (after [32] pp. 46-47). 

Tarrega was the first teacher to develop the apoyando technique, a style of right-hand 

technique which calls for the fingers to be positioned perpendicular to the strings [30]. 

In the apoyando stroke, the finger moves parallel to the soundboard and cornes to rest 

on an adjacent string. In the tirando stroke, the finger rises away from the strings and 

releases the string at a sm aller angle than in the apoyando stroke. 

During both apoyando and tirando strokes, the string is pushed towards the soundboard 

by rolling and sliding along the nail and is released from a position doser to the soundboard. 

The difference between the two strokes is the angle with which the string is released, as 

shown on Fig. 3.6. The fingernail acts as a sort of ramp, converting sorne of the horizontal 

motion of the finger into vertical motion of the string. The apoyando stroke tends to induce 

slightly more vertical string motion [6]. 

Because of its large surface and small thickness, the top plate of the guitar is more 

sensitive to perpendicular forces than to parallel forces. Consequently, not only do forces 

parallel and perpendicular to the bridge excite different linear combinations of resonances, 

they result in tones that have different decay rates, as shown in Fig. 3.7. 

When the string vibrates in a plane almost perpendicular to the top plate, the energy 

is transferred to the body very efficiently and is radiated quickly into the surrounding air. 

The resulting tone is loud and harsh and tends to be of short duration. When the string 
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Fig. 3.7 Decay rates of a guitar tone for different plucking directions [10]. 

is released almost parallel to the soundboard, the sound produced is generally quieter and 

softer and lasts for a longer time since the energy is radiated slower. As a result, players 

will usually play downstroke (apoyando) for an accented tone and an upstroke (tirando) 

for an unaccented tone [30]. 

3.4.2 Effect of angle of release on the top plate modes 

The angle of the fingernail's edge (ramp) is very important in determining the speed and 

direction with which the string will travel as it leaves the finger. J ansson defines a three

coordinate system centred on the bridge in order to decribe the plucking direction. As 

shown on Fig. 3.8: 

• the x axis is the axis parallel to the soundboard and perpendicular to the strings; 

• the y axis is the axis parallel to the soundboard and parallel to the strings; 

• the z axis is perpendicular to the soundboard and perpendicular to the strings. 

Both the angle of the finger or nail in the x - y plane and the angle of the string 

displacement in the x - z plane alter the spectrum of atone [9]. Jansson has shown the 
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y 

z 

Fig. 3.8 Coordinate system for the guitar angle [9]. 

Top Displacement (TD) modes for forces applied in these three directions. 

• TD1 occurs when the string is displaced in the z-direction: the bridge vibrates as 

a whole piece along this direction. TD1 corresponds to T(l,l) on Fig. 2.3. Typical 

values would be around 150 Hz. 

• TD2 occurs when the string is displaced in the x-direction: the bridge pivots about 

its middle and around an axis parallel the the string, its two edges being in alternate 

positions like a swing. TD2 corresponds to T(2,1) on Fig. 2.3. Typical values would 

be around 235 Hz [30]. 

• TD3 occurs when the string is displaced in the y-direction: the bridge pivots around 

an axis parallel to its length (perpendicular to the string). This top displacement is 

negligible in comparison to the other two modes because one needs at least four times 

the force that it takes to pro duce TDl. TD3 corresponds to T(1,2) on Fig. 2.3. 

Moving the string in the z-direction creates combinations of TD1 and TD2, especially if 

the string that is displaced is far away from the middle of the bridge. Most displacements 

can be described by the string's movement in a combination of the x, y and z directions, 
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so that the resulting top deformations will be combinations of the three modes TD 1, TD2, 

and TD3 [9]. On Fig. 3.9, the solid black line depicts the actual shape of the soundboard. 

If the displacement is in the x-direction, the TD2 appears (case (1) on Fig. 3.9). Plucking 

one of the lower strings tirando (upstroke) with the thumb at approximately 30 degrees 

(case (II) on Fig. 3.9) gives the combination of TDI and TD2, where the total deformation 

can be decomposed into 

(a) TD2, depending on the x component, 

(b) TD2, depending on the z component, 

(c) TDl, depending on the z component. 

The next example (case (III) on Fig. 3.9) illustrates what happens when the same string 

is plucked apoyando (downstroke). The z-component is then negative, which changes (b) . 

to a negative value, and the resulting combination of (a) and (b) is a mu ch sm aller value 

for TD2, so the prefix of that note will contain much less of that mode [30]. 

3.4.3 Effect of angle on attack 

The frequencies ofTDl and TD2 along with the Helmholtz mode (air mode Ao) are present 

in the attack of a guitar note. Those frequencies are generally not harmonically related to 

the fundamental of a tone. The air mode is usually between two fretted notes on the guitar; 

whenever either of these notes is played, the vibrations of the top plate excite this mode 

and that frequency is strongly reinforced from within the instrument. Moreover, each time 

TDI is excited, the air mode becomes a part of the sound produced. 

The amount of noise in the transient of a note varies with the angle of the string's 

displacement before its release. It is also the case that the further away from the bridge 

the string is plucked, the less energy is put into these noise elements. A change in the angle 

of string dis placement also changes the amount of air resonance in the transient. This is 

because the TD 1 and the air resonance are so closely linked. If the pluck is perpendicular 

to the soundboard, the air mode is much more present. This effect occurs regardless of 

which string is plucked and how it is fretted. According to Schneider [30], the fact that 

the amout of air and the TD modes stay the same for a given plucking angle is one of 

the factors that provides timbraI continuity, telling the ear that the same "instrument" lS 

playing when a melody or scale crosses strings or octaves. 
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Fig. 3.9 Qualitative behaviour of the soundboard when a force is applied 
transversely (1) to one of the higher four strings at 0°; (II) to one of the lower 
three strings at 30°; (III) to one of the lower strings at -30°; (IV) to one of 
the higher three strings at 30°; (V) to one of the higher three strings at _30°, 
The top displacements are illustrated with the profiles notated (a) for TD2 
depending on the x component, (h) for TD2, depending on the z component, 
(c) for TD1, depending on the z component [9]. 
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3.5 Effect of plectrum width 

3.5.1 Lowpass filtering due to plectrum width 

The plectrum acts as a low-pass filter: the thinner the width, the higher the cutoff fre

quency [30]. In fact, modes of vibration with a wavelength shorter than twice the plectrum 

width are very slightly excited and their frequencies are almost absent from the sound spec

trum3
. In other words, widening the plectrum, whether with fiesh, nail or plastic, has the 

effect of damping the higher harmonics, thus producing a less bright, sweeter sound. This 

occurs because the edges of the force waveform are rounded by the change in the initial 

curve of the displaced string [30]. 

3.5.2 Changing plectrum width by changing angle 

A popular method among performers of changing the width of the plectrum consists of 

altering the angle with which the finger approaches the string (i.e. the angle of attack) which 

is defined as the angle between the line of the hand's knuckles and the string length [32]. 

For instance, when the line of knuckles is set parallel to the strings, the angle of attack 

is equal to 0 degrees. Guitarists claim that when the nail is turned at a larger angle in 

relation to the string, the sound changes from thin to warm. Consequently, by altering 

the angle of attack, the performer uses plectra of different widths since the string cornes in 

contact with a larger or smaller area of the fingernail, depending on the angle. 

The lowpass filtering accompanying an increase in the plectrum width by changing angle 

is illustrated on Fig. 3.10 and 3.11. 

3.6 Plucking with finger, nail or pick 

Pavlidou created a three-dimensional physical model of the string-finger interaction [15]. 

The simulations predict the movement of the string and fingertip during the interaction, the 

amplitude and velo city distributions of the string upon release, the force waveform on the 

bridge and the subsequent free string vibrations [15]. Results from the computational model 

show that the string-finger interaction is strongly infiuenced by the frictional characteristics 

3For example, assuming the sound of a transverse wave travelling at 50 mis along the string, if the 
plectrum width w is 2 mm, the shortest wavelength is 4 mm and the cutoff frequency is fmax = c/ À = 

c/2w = 50/0.004 = 12500 Hz. 
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Fig. 3.10 First 70 ms of the acoustic signal of B-string plucked 18 cm away 
from the bridge with different angles. 90° corresponds ta the plucking finger 
perpendicular ta the string. 
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Fig. 3.11 Magnitude spectrum (dB vs Hz) of B-string plucked 18 cm away 
from the bridge with different angles. 90° corresponds to the plucking finger 
perpendicular to the string. Theoretical spectral envelope is superimposed on 
the magnitude spectrum. Spectral tilt is correlated with plucking angle. 
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of the fingernail, the response of the finger-muscle, the input admittance of the body and 

the direction of the finger movement. 

The choice of plectrum affects the sound because its thickness determines the eut-off 

frequency of the string vibrational modes. Santisteban describes: "To obtain a full and 

meIlow tone, apply sorne force with the ends of the fingers. As the finger leaves the string, 

the nail will come into contact witht the string producing a rich tone. In order to produce 

a brittle sound, use only the nail in producing the sound" [29]. 

When plucking the string with the flesh of the fingertip, which corresponds to a thick 

and soft plectrum, the sound is full and its spectrum contains only low-frequency harmonies. 

When only the nail is used for plucking the string, the sound is thinner and its spectrum 

contains high frequency harmonies. 

The classical style of guitar playing requires that the nail, rather than the flesh of the 

fingertip, be used to pluck the string. It was Tarrega who first introduced the use of the 

nail in the guitar. 

3.6.1 Playing with nail 

The use of nail brightens the guitar tone since it acts as a sharp plectrum and excites also 

the high frequency vibrational modes of the string. Guitar performers state that by using 

the nail, they have better control over the string during the interaction, because they can 

more readily predict the moment at which the string will be released. 

The shape of the fingernail is always finely adjusted by filing and not cutting, while 

the length of the nail is adjusted in such a way that when the hand takes its position in 

relation to the guitar, each nail is placed at the same distance from the string. 

3.6.2 Frictional characteristics of the nail and travelling waves 

The string-finger interaction is a dynamic pro cess which involves friction between the fin

gertip of the player and the string. In the beginning of the interaction the string sticks or 

roIls along the nail due to the friction between them. The string starts slipping along the 

nail wh en the friction reaches its maximum value [15]. 

The string's trajectory during the interaction, the exact point at which the string leaves 

the finger, the velo city of the string on release and the duration of the interaction are aIl 

determined by the physical parameters of the string (such as tension, density, stiffness, 
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shear modulus, etc.), the fingertip (such as nail shape, mass, frictional characteristics, etc.) 

and the local forces exerted on the string during the interaction process. 

Moreover, during the interaction time, longitudinal, transverse, and torsional waves are 

created on the string and travel along its length. After their refiection by the two ends of 

the string and upon their return to the plucking point, they find the string still in contact 

with the fingertip; their existence alters the local conditions and determines the future 

movement of the string and the fingertip. 

It must be noted that the waves refiected by the bridge end of the string are not the 

exact reverse of the incoming waves since the bridge's own movement modifies them. The 

other end (i.e. the nut of the string) also modifies the incoming waves, but to a lesser 

extent since it is almost perfectly rigid. 

When the modified refiected waves return to the plucking position carrying information 

from the guitar body, the fingertip, still in contact with the string, is able to detect and 

evaluate this information. Experienced players, when selecting an instrument to purchase, 

touch and interact with the guitar string without releasing it in order to evaluate the 

information from the body [15]. 

3.6.3 Stick-slip motion of the string during the string-finger interaction 

Similarities can be found between the string-finger interaction for the guitar and the string

bow interaction for the violin [15]. With the guitar, the frictional forces occuring during 

the interaction between string and fingertip are similar to those of the interaction between 

the bow and the string with the violin, producing a stick-slip motion of the string. The 

string element which touches the fingertip rolls and sticks on the fingernail until the friction 

between them reaches a critical value. After this point, the string element starts slipping 

along the fingernail and finally leaves it to vibrate freely. The difference with the violin is 

that the stick-slip motion only occurs during a very short amount of time before the string 

is released [15]. 

3.7 Articulation 

The term articulation refers, in music, to the manner in which tones are attacked and 

released. According to Duncan, the mastery of articulation goes to the heart of mastering 
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an instrument's way of producing sound [23]. The term phrasing pertains more to the 

manner in which tones are grouped for expressive purposes. 

Cuitar tones can have various articulations: martelé, spiccato, détaché, or staccato. 

The articulation has to do with a performer's control of note length, irrespective of written 

rests. Playing staccato reduces nominal note value by more than half; it is the shortest 

note. Playing legato gives notes their full value and joins the notes without a perceptible 

break. A true legato is impossible on the guitar. The nature of the instrument ~ that 

necessarily entails a percussive mode of attack followed by a rapid note decay ~ pro duces 

consecutive articulations. Duncan depicts the difference between legato and staccato with 

the difference between the word oar and the word toe when repeated in sequence. 

Articulation also refers to the degree of percussiveness in the attack, particularly with 

the technique of wind and string instruments. "It is [also] more akin to the effect that 

different consonants have upon the same vowel sound in speech" [23]. On the violin, 

martelé is a percussive stroke with a consonant type of sharp accent at the beginning of 

each stroke and always a rest between strokes. 

Duncan adds that "articulation pauses before notes allow control of color and of rhyth

mic placement. They enhance the clarity of one's musical enunciation by providing space 

for notes to breathe". As Duncan explains, guitarists often use words related to speech to 

describe their playing techniques: "consonant type of sharp accent", articulation, clarity, 

enunciation, breath, etc. 

3.8 Vibrato 

A guitar note inevitably changes throughout its duration, not only in loudness but in 

quality, since the partials decay at different rates. Though the guitar is far from unique in 

producing notes which decay gradually and change in the process, the possibility of vibrato 

distinguishes it from instruments such as the piano, the harpsichord and the harp. 

Vibrato is a periodic variation of the fundamental frequency of the note. It is usually 

accompanied by synchronous pulsations of loudness and timbre [97]. On the violin, vibrato 

is accompli shed by altering the length of the string. On the guitar, however, because it 

is a fretted instrument, this frequency modulation must be achieved by altering the string 

tension and hence the pitch. For notes above the 5th fret, the technique usually consists 

of pushing and pulling the string toward and away from the bridge; for those notes that 
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lie closer to the nut, the string is pulled from side-to-side, perpendicular to the other 

strings [30]. 

3.8.1 Vibrato rate 

Orchestral players have been found to favour a vibrato rate of 6 or 7 Hz. This is also the 

natural rate at which singers modulate the voice [146]. The vocal vibrato develops more or 

less automatically during voice training [139] and is the result of the intermittent supply 

of nerve energy to the mechanism (at the frequency of stammering and other spasmodic 

movements) [147]. It may be that the use of vibrato appeals by imbuing the instrumental 

sound with a vocal quality. 

3.8.2 Vibrato frequency range 

The range of the pitch variation is usually about a quarter-tone either side of the note with 

singers (Seashore [97] measured an average extent of ±48 cents), but only half that amount 

with violonists. This width of vibrato is mostly a matter of taste and fashion. 

3.8.3 Perceptual effect and musical function of vibrato 

A vibrato of about the optimum frequency and of moderate width is not experienced as a 

variation in pitch, but is rather perceived as a rich and warm quality, bringing life to the 

tone [32]. Seashore states that it gives a pleasing fiexibility, tenderness, and richness to 

the tone [97]. Musically, vibrato is used to accentuate phrase endings, to make individu al 

melodic notes stand out from their neighbours or to highlight the emotional content of the 

piece. This technique of tone modification was thoroughly described by the Chinese lute 

masters, who called it the "Loose Touch" and who ranked it among the sixteen important 

aspects of tone production [25]. 

The vibrato allows the "sweeping" of the spectral envelope, thereby adding to the vocal 

quality of guitar sounds. The Russian historian Makaroff described a Spanish guitarist with 

very evocative terms: "The vibrato, when performed by Ciebra, was really divine ~ his 

guitar actually sobbed, wailed and sighed. Ciebra only showed these remarkable qualities 

in slow tempos as in largo, adagio or andante." [21]. 

The spoken voice seldom has vibrato; it is nonetheless always infiected: a definite pitch 

is almost never sustained. In fact, sorne vowels are more recognizable when infiected than 
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when not [138]. Inflection and vibrato are both variations of the fun dament al frequency, 

inducing a "sweeping" of the spectral envelope which eases the recognition of the sound. 
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This chapter describes the physical behaviour of the plucked string. The magnitude 

spectrum coefficients of an ideal plucked string are derived (for the displacement, velo city 

and acceleration waves). Finally, differences between an ideal string and a real string are 

presented. 
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4.1 Standing waves on an ideal string 

When a string is plucked, two pulses or waves are sent travelling in opposite directions 

down the length of the string (Fig. 4.1 on the left). When each of these travelling waves 

reaches the string's boundary, it is reflected back again in the opposite direction, inverted 

(Fig. 4.1 on the right). The waves travelling on the string are mostly transverse, but there 

are also longitudinal and torsional waves. 

_(a_) ______ ~~'-______ _ 

(b) 
~-....~'!. ""-____ f/IIt _____ , ____ :.1. ______ _ 

(c) (c) _/"", 
--___ ..J ~ 

Fig. 4.1 On the left : motions of a plucked string. The solid lines give the 
shapes of the strings at successive times, and the dotted lines give the shapes 
of the two (backward and forward) travelling waves, who se sum is the actual 
shape of the string. On the right : reflection of a wave from the end support 
of a string. In this case, the dotted lines show the imaginary extension of the 
waveform beyond the end of the string [14] (pp. 75-76). 

An excitation, such as a pluck, in a real physical string initiates wave components 

that travel independently in opposite directions (dashed curves on Fig. 4.2). The resulting 

motion consists of two bends, one moving clockwise and the other counterclockwise around 

a parallelogram. The output from the string, that is the force at the bridge of an acoustic 

instrument or the pickup voltage in an electric guitar, reacts to both wave components. 

Each wave then travels to the other end of the string, where the process is repeated. 

Since these two travelling waves are moving on the same string, they cross and interfere 
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Fig. 4.2 Time analysis through one half cycle of the motion of a string 
plucked 1/5th of the distance from one end [6]. 
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with each other as they travel from one end of the string to the other. Their amplitudes are 

added together at aU points; if, at a certain point, both waves are positive, the combined 

value will be larger than that of either one alone. If, at another point, one is positive and 

the other negative, they will cancel each other out so that the combined value is zero. The 

result of this superposition of waves is a standing wave. 

4.2 Missing harmonies in a plueked string speetrum 

As illustrated on Fig. 4.3, when a string is set into vibration with a pluck, the sound signal 

lacks the harmonies that have anode at the plucking point. For example, plucking a string 

at its middle (L/2) prevents the even partials from being initiated. On the other hand, a 

partial is initiated maximally at this antinodal position(s). 

4.3 Time and frequeney analysis of plueked string 

In the string model considered in this section, the string is assumed to be ideal (i.e. with no 

stiffness and no damping), displaced from its rest position to an inital shape, and released 

with zero initial velo city along its length. 

This simple description of the plucked string explains to sorne extent how different 

performers pro duce a variety of sounds in a guitar, namely by altering the plucking position 

along the string. However, the idealized plucked string description cannot explain how a 

guitarist, while using a steady plucking position and plectrum, is able to pro duce a variety 

of different sounds on the same guitar. 

4.3.1 The transverse wave equation 

It is assumed that only transverse waves travel along the string. Let y(x, t) the vertical 

displacement of an ideal string of length 1 with fixed ends as a function of the position 

along the string x (x = 0 is at the bridge termination and x = 1 is at the nut termination 

for example) and as a function of time t. The string motion takes place only on the xy

plane and it can be described through the one-dimension al version of the wave equation 

which was first derived in 1747 by D'Alembert for the case of the vibrating string [3]. This 
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Fig. 4.3 Demonstrations of the influence of plucking position. A partial can 
not be initiated at the nodal position of the corresponding standing wave [10] 
(p. 14). 

47 



48 The Physics of the Plucked String 

equation is known as the transverse wave equation : 

( 4.1) 

where 

c = JT/M ( 4.2) 

is the speed of propagation of the transverse wave on the string, square root of the ratio of 

T, the tension (in N or kgm/8 2
) and of M, the mass per unit length of the string material 

(in kg/m). 

The two string ends are assumed to be fixed during the vibration of the string, as 

described by the conditions 

y(O, t) = y(l, t) = 0 (4.3) 

For the ideal string of length l with rigid end supports, the frequencies fn of its vibra

tional modes are multiple ihtegers of the fundamental frequency fa, given by 

( 4.4) 

where n is the order of the partial. The frequency increases if the tension increases, or if 

the length is shortened, or if the mass per unit length decreases. In the ideal case, there is 

an infinite number of normal modes, which results in an infinite series of harmonies in the 

spectrum of the sound. 

The most general integral solution of Eq. (4.1) which fulfills the conditions of Eq. (4.3) 

and corresponds to a periodic motion of the string can be written as the sum of normal 

modes [6]: 
00 

y(x, t) = L (An coswnt + Bn sinwnt) sin (n;x) 
n=l 

(4.5) 

where An and Bn are constant coefficients which can be determined from the shape and 

velo city of the string for any given time t and Wn = nwo = n(27rfo). At time t = 0, the 

shape of the string is given by 

00 

y(x,O) = L An sin (n~x) 
n=l 

(4.6) 
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and the velo city by 

( 0) _ dy(x, t) 1 - ~ B' (n7rx) 
v x, - dt - ~ nwo n sm -z-

x=O n=l 

(4.7) 

4.3.2 Initial displacement conditions 

An ideal plucking excitation is a static displacement and then an abrupt release of the 

string at one particular point. The string is initially pulled aside at x = p by a sharp point 

in such a way that, at t = 0 when it is released, it forms two straight lines proceeding from 

the plucking position to the fixed ends. 

,Pluck point , pp , pp 

r::9~~1 
: : 

im-mm[-m=:;_j 
: .~.M~'./-----"_~ : 

! /" - -----.~ ! t: ........................................ ::::-:~:i f:=_I--_mj 1-1 
(a) displacement (b) velocity (c) acceleration 

Fig. 4.4 Plucked string behaviour immediately after an ideal pluck for (a) 
displacement, (b) velocity and (c) acceleration waves [46]. 

Fig. 4.4 illustrates the initial conditions of a string after the release. For each wave 

variable, the backward and for ward travelling waves are represented. To obtain the actual 

initial conditions, the two waveforms are added. The displacement waveforms (a) are 

triangular, the velocity waves (b) are step functions (their SUll is nuIl), and the acceleration 

waves (c) are impulse-like. 

An ideal plucking excitation at a distance p from an end and with amplitude h is such 

that aIl points along the string have a zero initial velocity: 

v(x,O) = y(x, 0) = 0 for aIl x, 

and the string is initially shaped like a triangle with its summit at point (p, h): 

h 
y(x,O) = -x 

p 
for 0 S; x S; p 

( 4.8) 

( 4.9) 
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h(l- x) 
y(x,O) = l for p '5: x '5: l 

-p 
(4.10) 

With these initial conditions, the coefficients An and Bn can be calculated from their 

expression: 

2 t (n7rx) An = T Jo y(x, 0) sin -l- dx (4.11 ) 

Bn = w:ll1 

y(x, 0) sin (n;x) dx (4.12) 

Because of the zero initial velo city (Eq. 4.8), 

Bn = O. 

Henee, the amplitude of the nth mode of the vertical displaeement wave y is 

( 4.13) 

where An is obtained by solving by parts the integral in Eq. (4.11) : 

~l ( r ~xsin(n7rx/l)dx + 11 h(l - x) Sin(n7rx/l)dX) Jo p p l - P 

2 h [ x 1 ]P Tp - n7r /l cos(n7rx/l) + (n7r /l)2 sin(n7rx/l) a 

+~~ [- coS(n7rx/l)]
1 

_ ~_h_ [- cos(n7rx/l) + Sin(n7rx/l)]
1 

II - P n7rx/l P II - P n7rx/l (n7r /l)2 p 

2h 2h. 2h 
- n7r cos(n7rp/l) + lp(n7r /l)2 sm(n7rp/l) + l _ p(n7r Il) cos(n7rp/l) 

2h p 2h 
l (l - p) (n7r / l) cos( n7rp / l) + -cl (-l _---cp )-( n-7r-/-'-l)-2 s-in-("-n7r-p-/""'-I) 

2h (1 1) 
l(n7r /l)2 p + l _ p sin(n7rp/l) 

+ (- n
l
7r + ((l- p)l(n7r/l) - l(l- p~(n7r/l))) cos(n7rp/l) 
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Finally, 
2h . 

An = n27r2p(l _ p)/Z2 sm(n7rp/l) ( 4.14) 

and the amplitude of the nth mode of the vertical displacement wave y is expressed by 

(4.15) 

where 

R =p/l (4.16) 

is the relative plucking position, defined as the fraction of the string length from the point 

where the string was plucked to the bridge. 

The equation giving the vertical displacement of the string as a function of the position 

x, of time t and of the plucking relative position R (Eq. 4.5) becomes 

( 4.17) 

4.3.3 Displacement, velo city, acceleration and force waves 

Knowing the string movement, the vertical force F ( t) exerted on the bridge by the string 

can be calculated from the string slope near the bridge, as 

F(t) = Tay(x, t) 
ax 

(4.18) 

The force waveform is a pulse with dut y cycle (1/ R - 1). In fact, the ratio of the durations 

of the positive and negative segments of the force waveform is equal to (1/ R - 1). For 

example, if R = 1/5, dut y cycle ratio = 4. This is the case (b) on Fig. 4.5. Now, in order 

to obtain the equation for the velocity variable, the derivative of Eq. 4.17 is taken with 

respect to time. 

( ) 
_ ay(x, t) 

v x, t - at 
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Fig. 4.5 On the top of the figure are shown the string shapes at successive 
intervals during the vibration period, for a string plucked at its center (a), at 
1/5 of its length (b), at 1/20 of its length (c) from the bridge. In the middle, 
pulse-shape waveforms of transverse bridge force are displayed. At the bottom 
of the figure are the corresponding spectra [5]. 

v(x, t) L (n21f2;(~ _ R) Sin(n7fR)) (-wnsin(wnt)) sin (n;x) 
n 

'" ((2h)( -21fnjo) . ) . . (n1fx) 
~ n21f2R(1- R) sm(n1fR) sm(wnt)sm -Z-

n 

'" ( -4hjo . ( R))' ( )' (n1fx) ~ n1fR(l _ R) sm n1f sm wnt sm -Z-
n 

And similarly for the acceleration variable: 

( ) 
_ ov(x, t) 

a x, t - ot 
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a(x, t) 

Let 

'" ( -4hfo .) . (n7fx) ~ n7f R( 1 _ R) sm( n7f R) Wn cos( wnt) sm -Z-
n 

'" (( -4hfo) (27fnfo) . ) . (n7fX) 
~ n7fR(1- R) sm(n7fR) cos(wnt) sm -Z-

n 

'" (-8hf1;. ) . (n7fx) ~ R(1 _ R) sm(n7fR) cos(wnt) sm -Z-
n 

2h 
K(R) = R(1 - R) 
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(4.19) 

K (R) is a constant for a given R. The magnitude of the spectral components becomes: 

• for the displacement variable: 

K(R) . 
Cy[n] = -2 -2 1 sm(n7fR)1 

n7f 
( 4.20) 

• for the velo city variable: 

2K(R)fo . 
Cv[n] = 1 sm(n7fR)1 

n7f 
(4.21 ) 

• for the aceeleration variable: 

( 4.22) 

The sine term at (n7fR) in Eq. (4.20), (4.21), (4.22) allows no energy at the 1/Rth harmonie 

frequency nor at integer multiples of that frequency (sinee sin( n7f R) equals 0 when the 

product nR is an integer). 

The expressions for Cy[n], Cv[n] and Carn] can be interpreted as spectral envelopes if 

the discrete integer variable n (the order of the partial) is replaced by a continuous variable 

f / fa where fa is the fundamental frequency. For example, for the displaeement wave, the 

expression becomes: 

( 4.23) 
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Fig. 4.6 Theoretical magnitude spectra for the displacement, velo city and 
acceleration variables. Fundamental frequency equals 100 Hz and relative 
plucking position is 1/5. 
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The equation equals 0 when j: is an integer, that is when 

i = nia 
R' 
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The spectral envelopes for the different wave variables are displayed on Fig. 4.6. The 

factor 1/ P in Eq. (4.23) is responsible for the -6 dB slope in the magnitude spectrum. 

While there is no restriction on 1/ R being an integer, the overall shape of the spectral 

envelope is dictated by 1/ R. For integer values of 1/ R, nulls occurs at harmonies which 

order is a multiple of 1/ R. For non-integer values of 1/ R, nulls in the spectral envelope 

occur at frequencies that are not necessarily related to the harmonie frequencies nio. 
A typical magnitude spectrum is illustrated on Fig. 4.7 for a recorded guitar tone plucked 

12 cm away from the bridge on a 58 cm open A-string (fundamental frequency = 110 Hz). 

The relative plucking position Ris approximately 1/5 (12 cm / 58 cm = 1.483). If it were 

exactly 1/5 and if the string was ideal, all harmonies with indices that are multiples of 5 

would be completely missing. 
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Fig. 4.7 Magnitude spectrum of a guitar tone and superimposed theoretical 
spectral envelope. A-string (Jo = 110 Hz) is plucked at 12 cm from the bridge 
on a 58 cm string, resulting in a relative plucking position R close to 1/5. 

4.4 Variation of brightness with plucking position 

From the theoretical expression of the magnitude spectrum, spectrum-dependent perceptual 

measures can be derived, such as the spectral centroid which is correlated to brightness [88]. 

As guitarists intuitively associate increasing brightness with decreasing plucking distance 

from the bridge, we assume that it is possible to verify this correspondence by calculating 
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the spectral eentroid of the power spectrum: 

(4.24) 

where Cv[n] is the magnitude of the nth spectral component of the velo city wave (given by 

Eq. 4.21) and in its frequency . 
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Fig. 4.8 Variation of the theoretical spectral envelope Cv(J) (magnitude in 
dB vs frequency in Hz) with plucking position p ranging from 4 to 17 cm from 
the bridge. 

Fig. 4.8 displays the plots of the theoretical spectra as for various plucking distances, 

calculated from the theoretical expression of the amplitude of the velo city modes. The 

velo city wave is considered here sinee pressure gradient microphones capture a wave analog 
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It is visually noticeable that the centre of gravit y of the spectrum decreases as the 

plucking distance from the bridge increases. This trend is in fact confirmed by the plot 

displayed on Fig. 4.9, showing the spectral centroid of the theoretical spectra (shown on 

Fig. 4.8) as a function of plucking distance from the bridge. Aiso shown on Fig. 4.9 is 

the spectral centroid curve from the spectra of recorded guitar tones played with different 

plucking distances. The real data curve follows the same trend as the theoretical curve, 

although the spectral centroid is generally lower. 

4.5 The real string 

When compared to the ideal plucked string, a real guitar string reveals many differences. 

First of aH, real strings have stiffness and damping, causing a lowpass filtering in the guitar 

tone spectrum. In addition, the lower guitar strings are inhomogeneous since they are 
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made from two different materials. Futhermore, the strings are mounted on the bridge of 

the guitar. Consequently, their vibration is infiuenced by the body modes of the top plate. 

As illustrated on Fig. 4.10, the cutoff frequency in a guitar tone spectrum depends on 

two factors: 

• the stiffness of the string, 

• the width and the sharpness of the plectrum that excites the string. 

Fingertip 

Ô 

té ~ 111111111" IIIffilIfu.. 

Slang • 
Flexible string 

a ~ 1111111111111111ffilttt. • 
FREOUENCY 

Fig. 4.10 Sketch of the influence of different ways of plucking and of stiffness 
of the strings on the resulting spectrum [10] (p. 16). 

4.5.1 Partials are not completely absent in reality 

Since real strings have stiffness and imperfections and since an plectra have finite width, 

it is far more accurate to state that the parti aIs with nodes at the plucking position are 

strongly attenuated rather than completely absent. 
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4.5.2 Widening the excitation region 

Widening the excitation region to an interval increases lowpass filtering of the excitation. 

For the sake of simplifying the model, the fact that the finger or plectrum exciting the 

string has a finite (non zero) touching width may be ignored. It is then assumed that the 

excitation acts at a single point. 

4.5.3 Inharmonicity due to stiffness 

Binee the strings are under tension, they have sorne stiffness. To take into account the effect 

of the stiffness on the string motion, an extra term should be added to the wave equation 

Eq. (4.1) which becomes 

(J2y(x, t) 
8t2 

T 82y(x, t) EnrA 84y(x, t) 
---

fJ, 8x2 fJ, 8x4 
( 4.25) 

where the string is assumed to be homogeneous (with constant mass per unit length fJ,), 

and where r is the radius of the cross sectional area, and Ethe Young's modulus of the 

string material [14]. 

The vibrational modes of a stiff string have frequencies which are not harmonically 

related and, in addition, the higher modes tend to be absent from the sound spectrum. In 

a simple model, one can imagine a stiff string exhibiting a rather smooth curve near the 

plucking position instead of a sharp angle, so that high frequency modes cannot be excited. 

This is illustrated on Fig. 4.10. 

For the inharmonicity of the upper partial frequencies in, Morse [14] gives an approxi

mate relation in the case of a stiff string as follows: 

( 4.26) 

where if is the fundamental frequency of the same string without stiffness and where 

"( = 2r
2 V En 

l T 

where r is the radius of the string, l is the length of the string, E is the Young modulus 

(proportionnaI to stiffness), T is the tension. 
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The second and third terms in Eq. (4.26) show that the frequencies of the vibrational 

modes of a stiff string are higher than those of an ideal one given by Eq. (4.4). 

The fourth term of Eq. (4.26), which contains the n 2 term, shows that this effect becomes 

more important as the frequency increases; the higher the frequency, the more it is shifted, 

and consequently the partials of a stiff string are not harmonically related [15]. Observing 

the formula, it can be concluded that the partials will be more harmonic if their order n 

is low (inharmonicity grows when going further away from the fundamental) and if the 

string is thin (small r), elastic (small E), long (great l) and tight (high tension T). Thicker 

strings are wound in order to reduce stiffness and consequently increase harmonicity. 

4.5.4 String damping 

On a vibrating guitar string, energy is lost through different mechanisms. As described by 

Fletcher [5], the main loss mechanisms are 

• the internaI damping of the string, 

• the damping from the surrounding air, 

• the transfer of energy to the guitar body through the moving ends of the string. 

The internaI damping is an inherent property of the material, independent of the string 

dimensions and tension. It is generally negligible for solid metal strings but may become 

the prime damping mechanism for gut or nylon strings, or for strings of nylon wound with 

metal. 

The air damping is caused by the viscous fiow of air around the moving string. It 

depends on the string radius and the frequency of oscillation in such a way that the high 

frequency modes of the string decay more quickly than the low frequency ones. Due to the 

air damping, the amplitude of vibration at a single frequency decays exponentially with 

time. In order to minimize the effects of air damping, a thick wire of dense material should 

be used. 

The effect of energy transfer from the string to the guitar body depends on the properties 

of the string end supports. The frequencies of the vibrational modes of the string are lowered 

or raised, depending on the kind of support, and their decay time is affected. 

The end support is characterized by its mechanical impedance, defined as the ratio 

between the applied force and the velo city of the support (F / v). Gough describes two 
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different types of end supports: the mass-like support and the spring-like support [4]. If 

the end support acts as if there were a mass connected to the string end, the motion of the 

support lags behind the driving force the string exerts on it. In this case, the node of string 

vibration is not created on the support itself, but on the string a short distance from the 

end; the wavelength of the string mode decreases and consequently the frequency increases. 

If the end support acts as if there were a spring connected to the string end, the node of 

vibration is created somewhere beyond the string support, inducing an increased wavelength 

and a decreased frequency. Generally, the mechanical impedance of the support changes 

with the frequency so that different frequencies are shifted by a different amount [15]. 
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In this chapter, we explicitly represent the plucking effect. We derive a digital signal 

processing interpretation of the plucking string physical model which is a comb filter with 

delay D = RI Jo (relative plucking position over fundamental frequency of the string). 

Then, the notion of "comb filter formant" is introduced. We also describe how to improve 

the control of waveguide-based synthesis of a plucked string which includes a comb filter 

to simulate the localized plucking excitation. We explain how the comb filter delay should 

be set for a realistic reproduction of the performance. 
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5.1 Digital signal processing interpretation of the plucked string 

physical model 

In this section, we present a digital signal processing interpretation of the physical model 

of the plucked string derived in Chapter 4. The amplitude of the spectral components of 

the acceleration wave is given by 

Carn] = 4K(R)f51 sin(mrR)1 (5.1) 

In a simple digital physical model of a plucked-string instrument, the resonant modes 

translate into an aU-pole structure (i.e. the harmonie structure of the signal), while the 

initial conditions (a triangular shape for the string and a zero-velocity at aU points) result 

in a non-recursive FIR comb filter structure of the type 

y[n] = x[n]- x[n - dl (5.2) 

where d is the delay expressed in number of samples. This comb filter constitutes the 

spectral envelope structure of the signal. 

Eq. (5.2) is adequate for the digital interpretation of the acceleration variable along a 

plucked string since the acceleration impulse reflects negatively off the bridge, as illustrated 

on Fig. 5.1. Taking the z-transform of Eq. (5.2), we obtain 

Y(z) = X(z) - X(z)Z-d = X(z)(l - z-d) 

from which we get the transfer function 

Y(z) -d 
Hd(z) = X(z) = 1 - z . 

Then we determine the magnitude response of that filter 

Hd( ejO)Hd( e- jo ) 

(1 - e-jOd) (1 _ ejOd ) 

2(1 - cos(Od)) 

4 sin2(Odj2) 
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Hence, at a sampling rate Is, the magnitude of the frequency response of this comb filter 

is given by 

(5.3) 

where the delay d can be a non-integer number of samples, corresponding to the time the 

wave needs to travel from the plucking point to the fixed end of the string (the bridge or 

the nut) and back (2p) as illustrated on Fig. 5.1. The magnitude response of the FIR comb 

filter for a 10 ms delay is shown on Fig. 5.2. As the fundamental period Ta corresponds to 

Frequencyresponse of FIR comb filter'rfn] = 4n]-4n-D] 'with D = 10 ms 
60r---~----~----~----r---~----~----~--~r----, · . . . . . . . · . . . . . . . 
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Fig. 5.2 Frequency response of FIR comb fi.lter with a delay of 441 samples 
(10 ms). 

the time the wave needs to travel along a distance that is two times the vibrating length 

of the string (21), the relation between the comb filter delay D and the relative plucking 

position R is : 
D = 2p = R 
Ta 21 

(5.4) 

where D = dlls is the delay expressed in seconds. 

This relationship between the comb filter delay D and the relative plucking position 

R is the basis of the analogy between the physical model (Eq. 5.1) and its digital signal 

processing interpretation (Eq. 5.3). In fact, it is possible to verify that the arguments of 
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the sine functions in Eq. (5.3) and (5.1) are equivalent: 

7r d f / f8 = 7r D f = 7r RTof = 7r RU / fa) = n7r R (5.5) 

5.2 Comb fllter formants 

The notches in the magnitude spectrum of a FIR substractive comb filter occur at frequen

cies of components which, after being delayed, are still in phase with the original signal. In 

other words, the period of the component equals the delay or a submultiple of the delay. 

Hence, the notches occur at integer multiples of the inverse of the delay (1/ D). The max

ima, halfway between the notches, occur at odd integer multiples of half the inverse of the 

delay (1/2D). 

The relationship between relative plucking position R and comb filter delay D is de

ducted from Eq. (5.4): 
R 

D=RTo=
fa 

5.2.1 Comb filter formant central frequencies 

(5.6) 

Considering a string of length l plucked at a distance p from the bridge and resonating at 

fundamental frequency fa, the frequency FI of the first local maximum in the comb-filter 

shaped magnitude spectrum equals the inverse of twice the delay D: 

F - _1 ___ 1 __ A _ lfo 
l - 2D - 2RTo - 2R - 2p (5.7) 

The other local maxima (F2 , F':{, ... ) in the magnitude spectrum are odd integer multiples 

of FI' Since the comb filter peaks located at these frequencies Fn may act as formants, we 

will caU them comb filter formants. Here we consider the literaI definition of a formant: a 

frequency range in which amplitudes of spectral components are enhanced. In most cases, 

formant regions are due to resonances but in the present case, the local maxima do not 

correspond to resonances per se but rather to anti-notches. 

Fig. 5.3 illustrates the case of a fundamental frequency fa equal to 100 Hz and a relative 

plucking position R equal to 1/5. The zeroes in the magnitude spectrum occur at integer 

multiples of fol R = 500 Hz and the local maxima occur at odd integer multiples of fo/2R = 
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Fig. 5.3 Magnitude spectrum of the comb filter corresponding to a funda
mental frequency of 100 Hz and relative plucking position of 1/5. Zero es occur 
at integer multiples of 500 Hz and local maxima occur at odd integer multiples 
of 250 Hz. 
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Fig. 5.4 Magnitude spectrum of the comb filter corresponding to a funda
mental frequency of 125 Hz (a major third higher than the case illustrated 
on Fig. 5.3) and relative plucking position of 1/4. Zero es occur at integer 
multiples of 500 Hz and local maxima occur at odd integer multiples of 250 
Hz. 
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250 Hz. The frequencies (FI, F2 , F3 , ... ) can be seen as the central frequencies of the comb 

filter formants. 

It is interesting to note that the comb filter formant frequencies Fn are constant for a 

given absolute plucking position p on a given string, regardless of the note being played. 

For example, in order to play a note that is a major third higher than the note generated 

by an open string, the vibrating length of the string is shortened by a (5:4) factor by 

pressing the string with a finger against the corresponding fret. More generally, calling a 

the transposition ratio, the fundamental frequency Jo is multiplied by the ratio a while 

the string length l is divided by the same ratio a (since Jo is inversely proportional to the 

speed of sound on the string), hence 

FI = (l/a) x (aJo) = lJo = A 
2p 2p 2R 

By a simple inspection of Eq. (5.7) giving FI as a function of Jo and l, one can see that the 

a's cancel each other. This is consistent with the fact that the product lJo is a constant 

for a given string and equals half the speed of sound c (as defined in Eq. (4.2)): 

lJo = c/2 (5.8) 

It can be concluded that the comb filter formant frequencies on a given string occur at odd 

multiples of 

FI = c/2 = ~ 
2p 4p 

(5.9) 

where p is the absolute plucking position and c is the speed of sound on the string. 

Here is an example illustrating the fact that the comb filter formant frequencies are 

fixed for a given absolute plucking position p on a given string; if a 60 cm long open string 

tuned at 100 Hz is plucked at 12 cm from the bridge, 

and 
Jo 100 

FI = - = - = 250 Hz 
2R 2/5 

This case is illustrated on Fig. 5.3. Now, if the string is fingered to play a note a third 
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higher while the absolute plucking position is maintained, the different parameters become 

60 
1 = - = 48 cm p = 12 cm, 

5/4 ' 
5 

Jo = 100 x 4 = 125 Hz 

and 
Jo 125 

FI = - = - = 250 Hz 
2R 2/4 

which is the same frequency as previously found (cf. Fig. 5.4). 

It can also be shown that the cases R and RI = 1 - Rare equivalent since 

Isin(mr(l- R))I = Isin(mf - mfR) 1 = Isin(mrR)1 

for any integer n. For example, if the string is fingered in such a way that the vibrating 

Iength is 40 cm, plucking 10 cm from the bridge (R = 10/40 = 1/4) gives the same 

magnitude spectrum as plucking 30 cm from the bridge (R = 30/40 = 3/4). 
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Fig. 5.5 Magnitude spectrum of comb filters with Jo = 125 Hz and R = 1/4 
or 3/4. 

With Eq. (5.7), one can determine the usual ranges of frequencies for the first formant 

frequencies FI of the different strings of a guitar. We consider a range of absolute plucking 

position going from 3 cm to 30 cm from the bridge on 60 cm strings tuned with the standard 

tuning. The smallest value for FI is obtained when plucking at the midpoint (30 cm) of 
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the open string: 
F _ lfo _ 60 x fa _ + 

l - 2p - 2 x 30 - JO 

71 

The greatest value of FI is obtained when plucking very close to the bridge, sayat 3 cm 

from it: 
FI = lfo = 60 x fa = lOfa 

2p 2 x 3 

Therefore, the range for FI goes from fa to lOfa. 

String Note name Standard tuning Range for the first 
number frequency (Jo) formant frequency (FI) 

6 E (Mi2) 83 Hz [83 -t 830] Hz 
5 A (La2) 110 Hz [110 -t 1100] Hz 
4 D (Ré3 ) 146 Hz [146 -t 1460] Hz 
3 G (Sob) 202 Hz [202 -t 2020] Hz 
2 B (Si3) 248 Hz [248 -t 2480] Hz 
1 E (Mi4 ) 330 Hz [330 -t 3300] Hz 

Table 5.1 Ranges for the first comb filter formant frequency for the six 
guitar strings (from 3 cm to 30 cm from the bridge). 

Example: if the second string (Jo = 248 Hz) is plucked at 15 cm from the bridge 

(assuming the string open and 60 cm long), the first formant frequency is 

FI = l fa = 60 x 248 = 496 ~ 500 Hz 
2p 2 x 15 

The second resonance is centered approximately on 3 x 500 = 1500 Hz, the third on 

2500 Hz, and so on. 

5.2.2 Comb fllter formant bandwidth 

Having discussed the comb filter resonances as formant regions, we now specify the band

width of those formants. The magnitude spectrum being proportional to a sine function, 

we conclude that the 3 dB-bandwidth is given by 

BW= FI 
2 

(5.10) 
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which is the frequency range corresponding to a [n / 4, 3n / 4] phase range and is the same 

for aIl comb filter formants. 

Referring to the previously mentioned èxample illustrated on Fig. 5.3, the formant 

central frequencies are odd multiples of 500 Hz and the bandwidth of aIl formants is 500/2 

= 250 Hz. Note that this is wider than the bandwidth of a usual vowel formant. 

5.3 Digital modelling of plucked strings 

Digital waveguide synthesis models are computational physical models which are made up 

of delay lines, digital filters, and often nonlinear elements. Waveguide-based digital models 

of plucked strings are described in [42], [38], [45], [39], [40] and [46]. 

In this section, we explain how the delay of the comb filter that simulates the localized 

plucking excitation ought to be set for a realistic reproduction of the performance. 

5.3.1 Waveguide model of plucked strings 

In a simple waveguide model (as described in [46]), the string is modeIled with a dual delay

line as shown in Fig. 5.6. The total number of samples in the whole loop L corresponds 

+ . IV (11) .---.-. 

"Bddge" 
Rigid Termination 

(.<:=0) 

Delay N String Output 

-1 "Nut" 
Rigid Termination 

Delay N 

(:1; = 1 ) 

Fig. 5.6 Dual delay·line model for a guitar string [46]. 

to the fundamental period To of the string. Hence, the delay L may be obtained from the 

ratio of the sampling frequency f8 over the fundamental frequency fo: 

(5.11) 
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The excitation !:::.w(nT, mX) is introduced at M samples from the bridge termination. The 

delay L is then split in L = 2M + 2N as illustrated in Fig. 5.6. 

As the two effects ofthis dual delay-line model is an all-pole filter HL(z) that controls the 

modes of oscillation, and a comb filter HD(z) that controls the spectral envelope, the system 

can be split into a cascade of an all-zero filter and an all-pole filter, as in Fig. 5.7, where 

the comb filter delay D = 2M samples, and the delay of the feedback loop L = 2M + 2N. 

Rence, the z-transform of the plucked string model is 

(5.12) 

The consolidation of the delays into a single delay-line string loop leads to a more 

computationally efficient synthesis model. 

SU'lng Output 

8 w (nT.mX) Dela'y 2N+ 21'1 1f-----JIool 

FIR comb filter Feedbackloop 

Fig. 5.7 Single delay-line modelling the string and factored out comb filter 
modelling the plucking effect [46]. 

The time-domain equation representing a single delay-line loop is 

y[n] = x[n] + y[n - L] (5.13) 

This string model is a recursive comb filter which, by definition, has an infinite impulse 

response (IIR). Taking the z-transform, one obtains 

Y(z) = X(z) + z-Ly(z) (5.14) 
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from which the z-transform of the transfer function is derived: 
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Fig. 5.8 Frequency response of a lowpass filter with gain g = 0.9 and a = 
-0.5. 

(5.15) 

To take into account the frequency-dependant damping, a low-pass filter is introduced 

in the feedback loop and the transfer function of the string model becomes 

1 
HL (z) = ----------::-

1 - Hdamp(z)Z-L 

The lowpass filter Hdamp(z) is usually of the form 

l+a 
Hdamp(z) = g 1 + az- 1 

(5.16) 

(5.17) 

where 9 is a positive number slightly smaller than 1 and a is a small negative number 

between 0 and -1 [55]. 

In a single delay-line model, the plucking point equalizer consists in a comb filter with 

z-transform 

(5.18) 

On Fig. 5.9 are plotted the frequency responses of the string model and of the plucking 



5.3 Digital modelling of plucked strings 75 

point equalizer separately (top) and combined (bottom). 
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Fig.5.9 In top figure, the magnitude response of the feedback loop IHL(ejQ ) 1 

is displayed. In bottom figure, the global magnitude response IHs( ejQ
) 1 is 

displayed, including the effect of the comb filter. The magnitude response 
of the comb filter IHD(ejQ)1 is superimposed on both figures, traced with a 
dotted line. 

5.3.2 Controlling the comb fllter in an realistic manner 

When digital waveguide models are used to synthesize a guitar piece, the value of the comb 

filter is often set to a constant value. As seen in the previous section, the comb filter delay 
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depends of the relative plucking position R: 

D= R=L 
Jo lJo 

(5.19) 

We also saw that the comb formant frequency FI is constant on a given string and for 

a given plucking position p. From Eq. 5.9, we obtain 

D = _1_ = 2p 
2Fl C 

(5.20) 

where p is the absolute plucking position from the bridge and c is the speed of sound on the 

string. Using Eq. 5.20, the comb filter delay is calculated from the fingering information 

provided by an experienced guitarist or calculated by an automatic fingering generator (e.g. 

prototype described in [44]). The choice of string determines c and the plucking position 

determines p. As illustrated in Table 5.2, the delay varies greatly for an 6 strings plucked 

at a given absolute plucking position from the bridge. Knowing the angle of the hand and 

forearm with respect to the strings axis, the difference in distance from the bridge for the 

different fingers of the hand can be modelled. The pluck by the index finger is generally 

slightly further away from the bridge than the pluck by the ring finger. 

String Note name Standard tuning Delay (in ms) Delay (in samples) 
number frequency (Jo) for p = 12 cm for p = 12 cm 

6 
5 
4 
3 
2 
1 

E (Mi2) 83 Hz 2.4 106 
A (La2) 110 Hz 1.8 80 
D (Ré3) 146 Hz 1.4 60 
G (So13) 202 Hz 1.0 44 
B (Si3) 248 Hz 0.8 36 
E (Mi4 ) 330 Hz 0.6 27 

Table 5.2 Value of the comb filter delay in ms and in samples (at 18 = 44100 
Hz) for each of the 6 strings of a guitar plucked 12 cm from the bridge (strings 
are 60 cm long). 
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Chapter 6 

Timbre: a Multidimensional 

Sensation 

ft is the immense difference between the physical acoustic signal on 

the one hand and the perceptual-cognitive world on the other hand 

that has frustrated theorists and researchers. 

Stephen Handel [89J (p. 265). 
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A very general definition of timbre is given by the American Standard Association: 

"timbre is that attribute of auditory sensation in terms of which a listener can judge that 

two sounds similarly presented and having the same loudness and pitch are dissimilar" [85]. 

Actually, timbre can be studied at different levels. From a macToscopic point of view, one 

may examine the differences between the timbre of a violin and the timbre of a guitar. From 

a microscopic point of view, one may examine the differences within these instrumental 

categories, such as subtleties between a Stradivarius and a Guarnerius violin, or a Ramirez 

and a Rubio guitar. Further and even more important from the performer's point of view, 

one can further examine the timbraI difference between a note played ponticello (close to 

the bridge) and tasto (close to the nut) on the same instrument (see Chapter 3). 

Before exploring the vocabulary used by guitarists to describe guitar tones, the main 

theories of timbre perception and methods used to study the perception and the description 

of timbre are presented. 

6.1 The parameters of timbre 

J. F. Schouten [96] defines five parameters of timbre: 

• the temporal envelope in terms of rise time, duration and decay; 

• the prefix, which is the onset of a sound, quite dissimilar to the ensuing lasting 

vibration; 
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• the spectral envelope (amplitude profile of the partials of a sound); 

• the change of spectral envelope (formant glide) and fundamental frequency (micro

intonation) ; 

• the ratio between harmonic and noise-like character (the scale ranging from perfect 

harmonicity through pseudo-harmonicity to random noise). 

According to G. von Bismarck [115], steady speech sounds and musical sounds differ 

mainly in the following physical parameters: 

• the frequency location of the whole spectrum; 

• the slope of the spectral envelope; 

• the frequency location of energy concentrations (e.g. formants) within the spectrum. 

In the case of plucked string instruments, many of the timbraI parameters are inter

dependent since the manipulation of the string pro duces almost all of the aforementioned 

changes in timbre. 

6.2 The description of timbre 

The tone-qualities of instruments may be described and compared in a number of ways. 

6.2.1 The source-mode of timbre perception 

Timbre can be described in terms of the structural characteristics of the instruments pro

ducing the tones. For example, string and wind instruments may conveniently be separated 

by vi l'tue of the fact that one group uses a vibrating string, whereas the other uses a vi

brating wind column. The former further subdivides into instruments whose string is set 

into vibration by a bowing motion, a pluck, or a striking excitation. Handel proposes an 

explanation for timbre perception, stating that the subjective identification of timbre cou Id 

involve the observer's perception of the physical mechanisms and actions in the sound pro

duction [89]. This is the source-mode oftimbre perception, as opposed to the interpretative 

mode of timbre perception [88]. It is also interesting to realize that the mechanics and the 

materials of vibrating systems are the basis for traditional Western musical instruments, as 
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well as World instrument classification systems (e.g. von Hornbostel & Sachs classification 

in aerophones, chordophones, membranophones and idiophones [160]). 

6.2.2 Harmonie theory of tone-quality 

The harmonic theory of tone-quality states that ''[. .. ] aIl varieties of tone quality are due 

to particular combinations of a larger or smaIler number of simple tones" [13]. Helmholtz 

completes this statement with: "quality of a musical tone depends solely on the number 

and relative strength of its partial simple tones [ ... ]" [90]. 

Helmholtz was the first to attempt to find acoustic correlatives for descriptive qualitative 

terms such as pleasant, harmonious, rich, poor, hollow, etc. With resonators of different 

sizes, Helmholtz analyzed the tones of sorne instruments and attributed tone-quality to the 

relative strengths of the overtones, independent of the fundamental [90]. He distinguishes 

different types of tone-colom, based on the presence or absence of higher partials: 

• simple tones, such as tuning forks and wide stopped organ-pipes, have a very soft, 

pleasant sound, free from aIl roughness; when low in pitch, there are dull; 

• tones in which the first 6 partials are moderately loud, such as those of the piano, 

the open organ-pipe, and the French horn, are more harmonious and musical than 

simple tones; they are rich and splendid compared to simple tones and are sweet and 

soft when the partials higher than the 6th are absent; 

• when only odd-numbered partials are present (as is, to a large extent, the case with 

the clarinet), the tone is hollow; 

• if many predominating high partials (above the 6th partial) are present, the tone is 

nasal; 

• if partials higher than the 6th or the 7th are distinct, the tone is cutting and rough, 

as is the case with the bassoon, oboe and brass instruments; 

• if the fundamental predominates, the tone is rich; 

• if the fundamental does not predominate, the tone is poor. 
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6.2.3 Formant theory of tone-quality 

Thirty years after the publication of The Sensations of Tone by Helmholtz, Erich Hermann

Goldap [91] published a paper in which he contradicts Helmholtz with his formant theory of 

tone-colour, explaining that each tone-colour has a characteristic range of overtone strength 

which does not vary with the fundamental pitch. As does Helmholtz, Hermann-Goldap 

subjeets the graphie representations of the vibrations ofthe instruments to Fourier analysis 

and makes various observations: 

• the horn has a second formant, whieh appears wh en it is played loudly; 

• the formants of the oboe, fiute, clarinet, and trumpet lie in the same register as those 

of the trombone and horn; 

• the instruments cannot be distinguished solely on the basis of the formants' position; 

one must also consider the amplitude of the fundamental: 

- if the amplitude of the fundamental is small wh en eompared to that of the 

formant, the tone is sharp (cf. the oboe and the trumpet); 

- as the amplitude of the fundamental approaehes that of the formant, the tone 

beeomes more full and more pleasant (cf. the horn and the softly-played trom

bone); 

- when the amplitude of the fundamental surpasses that of the formant, the tone 

first become soft and then beeomes nasal. 

Youngblood [158] regards the human voice as the most remarkable of all musical instru

ments, every vowel being a different tone-colour. He ponders that "it is therefore diffieult 

to understand why one would deseribe the timbres of man-made instruments in terms of a 

harmonie theory and those of the natural instrument in terms of a formant theory. If tone

quality be the key issue, then it seems that the same theory should apply to both." [158] 

(p. 57). In other words, Youngblood suggests that the formant theory is more appropriate 

since there is no reason to eonsider instrumental timbre and vocal timbre differently. 

lndeed, in many cases, a fixed formant structure gives a timbre that varies less with 

frequeney than a fixed speetrum [95] (p. 115). 
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6.2.4 Verbal description of timbre by sound engineers 

Sound engineers enhance the sound of a recording by boosting sorne frequency regions, 

according to the desired effect. 

Boosting the signal in the low bass range (lst and 2d octaves, from 20 to 80 Hz) gives 

sound fuUness and power. The midrange covers the 5th, 6th and 7th octaves (from 320 

to 2560 Hz). For many sounds, the fundamental faUs in the 5th octave. Boosting the 6th 

octave gives the sound a horn quality. Boosting the 7th octave gives the sound a tinny 

quality. The upper midrange is the 8th octave (from 2560 to 5120 Hz). Boosting this range 

improves inteUigibility and adds presence to speech. Finally, boosting the treble range, 

covering the 9th and 10th octaves (from 5120 to 20000 Hz) adds sharpness and crispness 

to the sound. 

6.3 Methods for studying timbre perception 

6.3.1 Multidimensional scaling analysis 

The Multidimensional Scaling (MDS) measurement method has been employed in an at

tempt to find the dimensions of timbre perception. This method is based on similarity 

judgements of sounds. The number of the resulting dimensions carrying nearly aIl the 

variance is generally much smaller than the number of signal variables. 

PoIs used MDS for a restricted set of vowel-like sounds and found that threeorthogonal 

dimensions are nearly sufficient to describe the timbres [137]. Early studies on instrumental 

timbre were performed by David Wessel and John Grey in the late 1970's on a data set 

of 16 instrumental timbres [87]. As shown on Fig. 6.1, timbraI features such as bright

ness (associated with the spectral centre of gravit y ), spectral flux and transients density 

were identified. It is important to note that these axes were used to differentiate between 

different orchestral instruments - a macroscopic view of timbre - as opposed to differenti

ating between the possible palette of timbres in a single instrument - a micros co pic view 

of timbre. 

6.3.2 Semantic differential method 

With the Semantic DifferentiaI (SD) method, sounds are rated on many eategory seales, 

the endpoints of which are eharacterized by opposite verbal attributes such as sharp-duIl, 
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Fig. 6.1 Macroscopic and microscopie views of timbre (after [87]). 
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rough-smooth or concentrated-diffuse. This method, with subsequent factor analysis, was 

applied by G. von Bismarck to the perception of the timbre of complex steady sounds 

(equalized in loudness, pitch and duration) [115]. The experiment was designed to test the 

following hypothesis: timbres of sounds can be uniquely described if the sounds are rated 

on a few scales which are characterized by verbal attributes. 

6.3.3 Free verbalization method 

Critics of verbal scaling methods justifiably noted that the pre-selection of verbal attributes 

which characterize SD-scales may strongly affect the results, since these scales do not 

necessarily conform with those a subject would use spontaneously [92]. The pre-selected 

scales may omit important aspects of timbre and may contain irrelevant scales. To address 

this problem, instead of asking to rate a sound quality according to predefined scales, the 

experiment consists of collecting spontaneous comments on sounds. This method based on 

free verbalization were used namely by Faure [101] and Samoylenko et al. [114]. 
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6.3.4 Questionnaire-based method 

In a study on the verbal description of timbre in Czech language, Moravec & al. [110] 

submitted questionnaires to musicians. The participants were asked to write down in free 

order the words and expressions which they use for the description of timbre, as weIl as 

groups of synonyms and antonyms. 

6.4 Sorne results from studies on timbre perception 

6.4.1 Bismark scales 

Among the early studies on the verbal descriptors of timbre, the study by G. von Bis

mark [115] is probably the most precise. In this study, pairs of opposite attributes, such 

as dark-bright or smoothjrough, characterized the endpoints of scales, on which 35 sounds 

were rated by two groups of subjects possessing either intensive or no musical training. 

The sounds differed systematically in the parameters of the spectral envelope. 

Factor analysis of the scale correlations provided four orthogonal factors which extracted 

90 % of the variance. The factor carrying most of the variance (44 %) was represented by the 

scale dull-sharp. The scales representing the other factors appeared to be less suit able for 

the description of timbre in general than the scale dull-sharp. von Bismarck first surveyed 

studies in which scales were used (in particular studies by Solomon [112] and Kerrick et 

al. [104]) and found a total of 69 scales. Each of these was rated in turn for its suitability in 

describing timbre. From the 35 scales with the highest mean ratings, seven were eliminated 

because they were synonymous with other scales or had been proven to be unsuitable for 

the SD-analysis of timbre. Finally, von Bismarck selects 28 scales which were considered a 

representative sample: 

weak-strong, gent le-violent , fine-coarse, reserved-obtrusive, dark-bright, dull-sharp, 

soft-hard, dim-brilliant, relaxed-tense, calm-restless, rounded-angular, 

dampened-ringing, smooth-rough, heavy-light, broad-narrow, wide-tight, 

thick-thin, clean-dirty, full-empty, solid-hollow, colourful-colour less, pure-mixed, 

simple-complex, compact-scattered, interesting-boring, lively-dead, 

pleasant-unpleasant, open-closed. 

The degree of inter-individual scatter between ratings obtained with a particular scale 

was considered as a criterion for its psychophysical usability. The standard deviation of the 
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ratings was chosen as a measure of the scatter. Averaging the variances over aIl subjects 

yielded the following four scales with the smallest scatter in ascending order: round-angular, 

gentle-violent, reserved-obtrusive, soft-hard. The scales with the largest scatter were: 

full-empty, solid-hollow, colourful-colourless, open-closed, dead-alive, interesting -boring. 

von Bismarck concludes that these sc ales are not very useful for the measurement of tim

bre. 

For musician and non-musician subjects, the total variance was almost completely ex

tracted by three factors. A considerable portion of the variance was extracted by the first 

factor characterized by the attributes hard, angular, obtrusive, violent, sharp, rough, tense 

and unpleasant. The second factor was represented by the attributes ringing for both 

groups of subjects and by narrow for the musicians. 

Varimax rotation of the factor axes led to the following interpretation: it appears that 

the timbre of the 35 sounds can be almost completely described if the sounds are rated on 

the largely independent scales: dull-sharp, compact-scattered, full-empty, colourful-colourless. 

The ratings of both groups of subjects show that the sharpness of the sound increased 

when either the upper limiting frequency or the slope of the spectral envelope was raised. 

von Bismarck concluded that the attribute sharpness is primarily determined by the fre

quency position of the overall energy concentration of the spectrum rather than the shape 

of the spectral envelope. The attribute compactness was clearly used by both groups of 

subjects to differentiate between noise and tone stimuli. 

Only the scales representing the first factor showed a small scatter of individu al ratings. 

The author concludes that the only scales that are applicable scales for the measurement 

of timbre are dull-sharp, soft-hard and round-angular. 

The general conclusion of von Bismark's study is that verbal attributes may be used 

in a consistent manner by subjects to describe different aspects of timbre (parameters of 

sound other than loudness and pitch). The majority of these attribut es can be represented 

by the attribute sharpness, which is determined by the frequency location of the overall 

energy concentration of the spectrum. von Bismark further concludes that it does not 

seem possible to verbally describe in a psychophysically applicable manner other aspects 

of timbre not accounted for by sharpness [115]. 
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6.4.2 Kendall & Carterette experiments: from bipolar to unipolar scales 

The study by Kendall & Carterette [103] is similar to Bismark's study, although only 

10 semantic scales were used to rate 10 sounds. The sounds were mixtures of two wind 

instruments (among the flute, clarinet, saxophone, trumpet and oboe). With bipolar scales 

(i.e. dull-sharp), the results were not conclusive. In a second experiment, applying a 

technique called Verbal Attribute Magnitude Estimation (VAME), unipolar scales were used 

(i.e. sharp-not sharp). Saxophone sounds were differentiated from the other sounds along 

the scales loud, heavy and hard. In a third experiment, the scales were modified in order 

to include more musical terms found in an orchestration treatise by Piston [111]. Principal 

component analysis of the results obtained for 21 semantic unipolar scales extracted 4 

principal dimensions: power, strident, plangent and reed [88]. 

6.4.3 Verbal correlat es of perceptual dimensions 

A study conducted by Faure [101] sought to define the verbal correlates of perceptual 

dimensions observed in multidimensional studies on timbre. Musicians and non-musicians 

were asked to rate the dissemblance between pairs of timbres and then to freely describe 

all the similarities and dissimilarities between these timbres. Only sorne descriptors were 

correlated to one perceptual dimension at a time: the adjective dry was correlated to the 

rise time of the temporal envelope, the adjective round was correlated to the spectrum 

central centroid and the adjective bright was correlated to the spectral flux. 

6.4.4 From a macroscopic to a microscopic view of timbre 

Among studies aiming to identify the perceptual dimensions of timbre, a very small number 

investigate the timbre nuances of one particular instrument (i.e. the violin in [113] and the 

oboe in [102]). Similarly, very few studies explore the vocabulary used to describe the 

dimensions of one particular instrument's timbre space (i.e. the pipe organ in [99], the 

violin in [109], and the electric guitar in [106, 107]). 

The next chapter reports the results of our study on the verbal descriptors for the timbre 

of the classical guitar. 
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Chapter 7 

Verbal Descriptors for the Timbre of 

the Classical Guitar 

ft is interesting to note that, in two musical universes apparently 

distinct - oral traditions and contemporary creation -, the difficufty of 

verbalizing the mechanisms involved in perceiving, evaluating and 

producing music, contributes to reinforcing a widespread opinion 

according to which musical activity would not be as systematic as 

musicians maintain, in other words, that ail attempts to model this 

activity would fail. Such a conception revea/s on one hand a 

misunderstanding of the experimental scientific thinking pro cess, where 

"fai/ure" is a source of learning; on the other hand, it encourages, in 

traditional societies, the denial of highly sophisticated pedagogical 

methods to the profit of what can be called learning by imitation. 

Bernard Bel [162] (p. 25) 
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The guitar is an instrument that gives the player great control over the timbre. Various 

plucking techniques involve varying the finger position along the string, the inclination 

between the finger and the string, the inclination between the hand and the string and the 

degree of relaxation of the plucking finger. Guitarists perceive subtle variations of these 

parameters and they have developed a very rich vocabulary to describe the brightness, 

the colour, the shape and the texture of the sounds they pro duce on their instrument. 

Dark, bright, chocolatey, transparent, muddy, wooly, glassy, buttery, and metallic are just 

a few of those adjectives. This chapter reports experiments and resulting data from a 

study based on the concepts and methodologies presented in Chapter 6, whose aims are to 

establish an inventory of adjectives used by guitarists to describe timbre and to investigate 

the correlations between plucking techniques and verbal descriptors. 

7.1 An inventory of timbre descriptors for the classical guitar 

7.1.1 Methodology 

As a starting point for the exploration of the timbre space, we inquired about the timbre 

des cri pt ors commonly used by professional musicians. 

22 guitarists were asked to select la adjectives that best describe timbre nuances pro

duced on their instrument (see Appendix C for questionnaire). A list of 50 adjectives was 

provided, but the participants were encouraged to use any term they deemed appropriate; 

this assured that the participants were only to define adjectives that were meaningful to 

them. They were to provide synonyms, antonyms and an English or French translation ac

cordingly. After intuitively describing each timbre ("How does it sound?"), the participants 
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were asked to explain its corresponding gesture ("How is it executed 7"). The participants 

were classical guitar performance majors at the Université de Montréal; they had stud

ied with different teachers upon entry into the programme. Most were francophones from 

Québec. 

7.1.2 Classification of collected data 

In total, the 22 guitarists defined about 80 different adjectives (see Appendix D). Sorne 

adjectives were chosen more often than others, as shown in Table 7.1. The adjectives 

metallic, round and bright were chosen by more than half the participants. The adjectives 

thin, warm, velvety, nasal and dry were chosen by about a third of the participants. 

Number of Adjective in French English translation 
definitions 

14 x métallique metallic 
13 x rond round 
12 x brillant bright 
8x mince, chaleureux thin, warm 
7x velouté, nasillard, sec velvety, nasal, dry 
5x rugueux, sombre, sourd rough, dark, muted 
4x doux, épais, incisif, sweet, thick, sharp, 

pulpeux, résonant pulpous, resonating 
3x clair, creux, cuivré, lumineux, clear, hollow, brassy, luminous, 

naturel, ouvert, plein, natural, open, full, 
spongieux, transparent, voilé spungy, transparent, veiled 

2x étouffé, ovale, percussif damped, oval, percussive 

Table 7.1 Histogram for the adjectives which were defined by at least two 
participants. In the left column are given the numbers of participants (out of 
22) who defined each adjective. 

Additional adjectives were provided within definitions of the initially selected terms. 

Table 7.2 presents, in alphabetical order, the 108 adjectives compiled; this includes the ±80 

adjectives that were initially selected (direct citations), as weIl as the ±30 that appeared 

within definitions (indirect citations). English translations are provided. Sorne translations 

were given by the participants in this questionnaire-based study. They were all checked 

and confirmed by our collaborator guitarist Peter McCutcheon who is perfectly bilingual. 
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French English French English 
001. Aiguisé Sharp 055. Lyrique Lyrical 
002. Apaisant Appeasing 056. Maigre Skinny, meagre 
003. Artificiel Articificial 057. Martelé Martelé 
004. Basson Bassoon 058. Mat Dull / Mat / Matted 
005. Brillant Bright /Brilliant 059. Métallique Metallic 
006. Bruit blanc White noise 060. Mielleux Honeyed 
007. Bulbeux Bulbous 061. Mince Thin 
008. (Avec) caractère With char acter 062. Mordant Biting 
009. Cassant Brittle 063. Morne Gloomy 
010. Caverneux Cavernous 064. Mou Soft, limp 
011. Chaleureux Warm 065. Mouillé Wet 
012. Chaud Warm 066. Mystique Mystical 
013. Chocolaté Chocolatey 067. Nasillard Nasal 
014. Clair Clear 068. Naturel Natural 
015. Clarinette Clarinet 069. Nerveux Nervous 
016. Boîte à musique Music box 070. Ouateux Cottony 
017. Collant Sticky 071. Ouvert Open 
018. Confus Muddled 072. Opaque Opaque 
019. Coulant Flowing 073. Ovale o val 
020. Coupant Slicing 074. Perçant Piercing 
021. Crémeux Creamy 075. Percussive Percussive 
022. Creux Hollow 076. Pétillant Sparkling 
023. Criard Shrill 077. Piquant Pointed 
024. Cristallin Crystallin 078. Plat Flat 
025. Cuivré Brassy 079. Plein Full 
026. Dense Dense 080. Pleurnicheur Whining 
027. Doux Sweet 081. Présent Present 
028. Dur Harsh 082. Profond Deep 
029. Duveteux Feathery, downy 083. Pulpeux Pulpy 
030. Éclatant Bright, shining 084. Raboteux Scraping 
031. Émoussé Blunt, dull 085. Rêche Harsh 
032. Entier Whole 086. Résonant Resonating 
033. Enveloppant Enveloping 087. Rêveur Dreamy 
034. Épais Thick 088. Riant Laughing 
035. Estompé Softened 089. Riche Rich 
036. Étouffé Damped 090. Robuste Robust 
037. Explosif Explosive 091. Rond Round 
038. Faible Weak 092. Rugueux Rough 
039. Fermé Closed 093. Sec Dry 
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French English French English 
040. Feutré Felty jVelvety 094. Sombre Dark 
04l. Fibreux Fibrous 095. Sourd MattedjSurd 
042. Flat Flat 096. Spongieux Spongy 
043. Florissant BloomingjBlossoming 097. Tight Tight 
044. Foncé Dark 098. Terne Colourless, drab 
045. Fougueux Wild 099. Tranchant Slicing 
046. Fracassant Shattering 100. Transparent Transparent 
047. Gras Fat lOI. Transperçant Piercing 
048. Guimauve Marshmellow 102. Vaporeux Vaporous 
049. Incisif Incisive, sharp 103. Velouté Velvety 
050. Laiteux Milky 104. Vif Quick 
05I. Large Large 105. (Avec) vitalité Vivacious 
052. Lisse Smooth 106. Vitreux, vitré Glassy 
053. Lourd Heavy 107. Voilé Veiled 
054. Lumineux Luminous 108. Woody Woody 

Table 7.2 Adjectives qualifying timbre in French and English. 

One participant spontaneously provided an annotated figure indicating on a guitar the dif

ferent locations corresponding to different timbre descri ptors (Fig. 7.1), there by reasserting 

the important role of plucking position in timbraI variations. 

assoon 

Fig. 7.1 Timbre descriptors and corresponding plucking locations along the 
string according to guitarist Zane Remenda (with permission). 
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Most guitarists have little knowledge about the acoustical and perceptual nature of 

sound and are not accustomed to describing their sounds in an objective and quantitative 

way. Therefore, most of the collected definitions contained analogies with other sounding 

objects or borrowed vocabulary from other sens ory modalities. In the table displayed in 

Fig. 7.2, the adjectives are classified into different sensory categories. 

• Category 1 - Corps sonore: refers to the sound of another sounding object (ex: 

bassoon) 

• Category 2 ~ Luminosité: refers to the brightnessjdarkness associated with the 

sound (ex: shining) 

• Category 3 ~ Forme: refers to the shape of the sound mental representation (ex: 

round) 

• Category 4 ~ Matière: refers to a surface texture or a material property (ex: glassy) 

• Category 5 ~ Saveur: refers to a food texture or ftavour (ex: creamy) 

• Category 6 ~ Caractère: emotion or character transmitted by the timbre (ex: viva

cious) 

Note that wh en two adjectives are listed in the table on the same line and separated by 

a slash bar, they are opposites of one another (example: Thin j Thick). 

7.1.3 Organization of adjectives in clusters 

In order to better organize the adjectives and specify their meaning, we have used the lists of 

synonyms provided by the participants in a direct or in an indirect way. In fact, in order to 

define an adjective, participants often referred to other timbre descriptors. Consequently, 

many synonyms were given in the definitions themselves. For example, participant #1 

defined a bright sound as a "clear and piercing sound, sometimes metallic to a certain 

extent"; participant #8 wrote that a bright sound is "at mid-way between a round sound 

and a metallic sound. It is clear, pure, franck and shining". 

In an attempt to establish a map for the mental representation of timbre according 

to this group of guitarists, we organized the adjectives into clusters, where each cluster 
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1. Corps sonore 2. Luminosité 3. Fonne 4. Matière 5. Saveur 6. Caractère 
Basson Foncé Aiguisé 1 Émoussé Cassant Chocolaté Apaisant 
Cl arinette Sombre 1 Clair Vitreux. vitré Crémeux Chaleureux 
Cuivré Terne 1 Lummeux Coupant Coulant Laiteux Confus 

Mat 1 Brillant Tnl1lchant :Miel1eux 
Coffre il musique Opaque 1 Transparent PIquant IvIétalhque Velouté Avec caractère 

Incisif Artifi ciel Avec VItalI té 
Lynque Éclatant Pulpeux Vif 
Nasillard Cnstallin 

Tramperçant Dense Pétill ant 
Criard Lourd Guimauve Fougueux Florissant Collant 
Résonant 1 Étouffé Bulbeux Spongieux Gras Riant 

Rond Ouateux Pleurnicheur Explosif 
Ovale Duveteux Chaud 

Percussif 
Large Nerveux 

Martelé 
M:ince 1 Épais 

Doux Moqueur 
Fracassant 

Plat 
Durl Mou Rêveur 

Brnit blanc 
Sec 1 Mouillé 

Fermé 1 Ouvert 
Rugueux 1 Lisse 

Creux / Plein 
Rêche 
Raboteux 

Carvemeux 
Fibreux 

Profond Feutré 
Entier VapOre\IX 

VOIlé 

Boisé 

Bassoon Dark Shru-p 1 Bhmt Brittle Chocolatey Appeas1!lg 
Clarinet Dark / Clear G1assy Creruny Warm 
Brassy Drab 1 Luminous Slicil1g Flowing ~..1llky Mudclled 

:Mat 1 Bright Poil1ted Honeyed 
Music box Opaque 1 Trrulsparent hlcisive Met alli c Velvety With chru"acter 

Transparellt Artificial Vivacious 
Lyrical Shilling Pulpous QlIick 
Nasal Cry st allin Blooming Dense Spru"kl ing 
Shrill Bulbous Heavy Marshmellow Wild 

Resonating 1 D runped 
Round 

Spollgy 
Sticky 

Oval Fat Laughing 

Explosive Large Cottony Whining 
Feathery Warm 

PerclIssive Thin 1 Thick 
Nervolls 

Martelé Flat Sweet Teasing 
Shattering Closed 1 Open Hard 1 Soft Drerully 

White noise Hollow 1 Full Dry 1 Wet 
Rough 1 Smooth 

Cavemous Harsh 
Deep Scraping 
Full Fibrolls 

Felty 
Vaporous 
Veiled 

Woody 

Fig. 1.2 Classification of the adjectives into different sens ory categories. 
Adjectives are given in French in the upper part of the table and in English 
in the lower part of the table. 

1 

1 

i 

, 
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regroups synonyms of a given adjective (from the compilation of several definitions in sorne 

cases). An adjective in bold is the centre of a cluster; the adjectives in the same cluster 

are its synonyms. Clusters delimited with a dashed line regroup lists of antonyms; the 

similarity between these descriptors is weaker than in the case of lists of synonyms. 

On the map that finally resulted, the adjectives organized themselves along a main axis, 

from bottom left to top right on Fig. 7.3 (in French) and Fig. 7.4 (in English). This axis 

corresponds to plucking position. Hollow (creux) and dull (mat) sounds are found in the 

lower left-hand corner of the map; these sounds are obtained by plucking the string close 

to its middle. At the opposite extreme - in the upper right-hand corner - lie thin (mince) 

and nasal (nasillard); these sounds are usually obtained by plucking the string closer to 

the bridge. 

fermé 

~sec 

/~troît· / 

froid, pcrcussif. 

.... ~_.,,,.. 

Fig. 7.3 Organization of timbre descriptors into dusters. Original French 
words are displayed. In the lower left-hand corner of the map, sounds are 
usually obtained by plucking the string doser to its middle. In the upper 
right-hand corner, sounds are usually obtained by plucking the string doser 
to the bridge. English translations are displayed on Fig. 7.4. 
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Fig. 7.4 Organization of timbre descriptors into clusters. English transla
tions are displayed. 

97 

Sorne groups of synonyms did not conne ct with any of other adjectives, such as the 

cluster [rugueux, raboteux, rêche], which translate as rough, scraping and harsh respectively. 

These adjectives are not represented on the map. 

7.2 Most cornrnon adjectives 

For each of the 10 most commonly defined adjectives in the study, we compiled aU the 

synonyms, antonyms, intuitive sound descriptions and associated gesture provided by the 

guitarists. The data is reported in this section presenting the adjectives from the brightest 

to the meUowest : dry, nasal, thin, metallic, bright, round, warm, thick, velvety and dark. 

The numbers in the left column (labeUed with symbol #) of the tables below refer to the 

participant's identification number. 
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Synonyms: short, aggressive, percussive, firm, thin, mat, drab, raw, staccato 

Antonyms: flowing, rich, legato, melodic 

# Sound description 
4 Evokes a pizzicato. 
6 A sound that do es not travel. The noise of the string that just barely vibrates. 

It is more the plastic aspect of the string that is heard. 
8 Small resonance. Sound with no sustain and without content. Gloomy as a 

dead tree. Obtained in the high register of strings 4, 5 and 6. 
16 The sound is reduced to its attack but the pitch should remain defined. 

# Gesture 
2 String attacked very close to the bridge with great strength. Resonance is 

shortened by damping the string with an other finger. 
4, 13 Obtained by attenuating or damping the length of the note with the palm of 

the hand or by releasing the note. 
8 String is attacked softly with last phalange souple. 
16 Played with nails and very close to the bridge. 

Nasal 

Synonyms: thin, transparent, naily, dry, pointed, narrow, agressive, with a "twang". 
"Nasal is very metallic" (# 18). "Nasal is thin and without depth" (# 6). 

Antonyms: full, round, sober, naturaljtasto, fat 

# Sound description 
2 Sounds like someone is talking through nose. Not a pretty sound but humorous. 
6 Contains a lot of high frequency harmonics. 
9 Sounds like a duck or an oboe. 
12 Sounds like the low and medium register of the harpsicord. 
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# Gesture 
6 Attacked with the nail only with the fingers and hand perpendicular to the 

string. 
9 Played close to the bridge. Better illustrated on higher strings, particularly on 

the first string. 
12 Slightly pulled upward and vigorously. 
18 Plucked as close as possible to the bridge with the nail. 

Thin 

Synonyrns brittle, piercing but light, small, delicate, transparent, meagre, breakable, 
sharp 

Antonyrns: fat, heavy, large, round, full, harsh 

# Sound description 
5 Characterizes the sound of a beginner player (because of the lack of control of 

the attack). Contains too many high frequencies. Sounds like the body of the 
guitar is not sollicited. 

8 Sharp attack. Sound does not resonate much. Ressembles the sound of a 
banjo since it is a bit metallic. Sounds fragile as though it lacks assertion. 
Also sounds like an oboe. 

12 Heard more in the high register. 
17 Lacks richness compared to the natural sound of the guitar. 
18 Timbre associated with the production of harmonies. Sounds like bells or 

celesta beeause of its short-lived resonance. 
21 Sounds like the guitar has a very tiny body 

# Gesture 
5 Played on the edge of the bridge with the finger perpendieular to the string. 
8 Hand positionned between tonehole and bridge. 
12 Attaek angle towards the right, slightly pulled. 
14 String is displaced upward during the attack with fingers perpendicular to the 

string. 
17 Halfway between metallic and bright positions along the string. 
21 Achieved with a pointed nail perpendicularly to the string. 

Metallic 
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Synonyms: very nasal, very fat, very clear, very bright, silvery, brassy, brittle, percus
sive, harsh, ponticello, thin, pointed, sharp, rigid. "Too metallic is nasal" (# 5). "Ex
tremely clear but agressif and nasal" (# Il). 

Antonyms: mat, round, tasto, soft, velvety, warm, large, pulpy, creamy 

# Sound description 
1 Sounds powerful 
4 Sounds artificial and has a whistling vibration 
6, 19 Evokes the harpsichord 
8 Sounds a bit mechanical, like the sound of the hammer banging against an 

anvil 
14 Evokes the banjo or the mandoline 
15 Evokes the sound of steel drums 

# Gesture 
1 Nails are almost perpendicular to the string, taking the shape 

of a hook. 
1, 6, 8, 11, 13, 15, 21 Played very close to the bridge. 
5, 18 Played closer to the bridge. 
8 Played with the tip of the nail. 
14, 17 Played as close as possible to the bridge (extreme ponticello). 

Bright 

Synonyms clear, piercing, cristallin, pure, luminous, alive, sharp, firm. Clear AND 
round, brassy AND woody. "Very bright is metallic". "Bright is clear but not nasal nor 
weening" . 

Antonyms: mat, somber, hollow, muted, mellow, heavy, soft (as opposed to hard) , dark, 
wet 

Emotions: joy, distinction, rejoycing, solemn 
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# Sound description 
1 Very present and resonant and do es not die rapidly. 
3 Resonates without forcing. 
4 Seems high-pitched even if the note is low. 
6 Pro duces a lot of high harmonies. 
8 The articulation of each note is heard distinctly. 
12 Like a piercing bird sound that can be heard from far. 
16 Has a good attack. This timbre is adequate for rapid passages. 

# Gesture 
1 Played slightly towards the bridge. 
3 Slightly diagonally with respect to the string above the edge of the tonehole 

towards the bridge. 
4 Played close to the bridge with the tips of the nails. 
6 Can be obtained only on the first 3 strings using the tirando technique. 
8 Hand is placed above the edge of the tonehole close st to the bridge and string; 

attack is firm with last phalange rigid. 
11 Played close (but not too close) to the bridge. 
12 Pulled rapidly with strength and well articulated. 
13 Played closer to the bridge with sorne good strength and articulation. 
15 More easily obtained with new strings which are nervous and easily excitable 

(because more elastic). 

Round 

Synonyrns sweet, soft, mellow, creamy, rich, voluptuous, dense, heavy, velvety, thick, 
natural, lyric al , fat, warm, pulpy, "full but more metallic and veiled" (# 1). 

Antonyrns: narrow, thin, nasal, met allie , dry, bright 
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# 
4 
6 
8 

9 

11 
13 

14 
19 

# 
1 
6 
8 

9 

13 

14 
15 

22 

Verbal Descriptors for the Timbre of the Classical Guitar 

Sound description 
Sound that ro11s, very soft and limp. 
Perfect balance between high and low harmonies, whether soft or strong. 
Sounds like a bubble is coming out the guitar. Very soft sonority to the ear 
because it appears like a very homogeneous sonorous pillow. Like a cloud that 
gradua11y gets thicker and thicker. 
Sounds like when the cork is removed form a champagne bottle but with a 
longer resonance. 
Homogeneous and balanced sonority. 
Heavy sound that tends to imitate a gong. Produces a be11-like modulation 
(as opposed to a wave-like modulation) projecting forward. 
The sound of great guitarists. 
Sounds like the attack is enveloping the resonance. Appropriate for slow and 
expressive melodies. 

Gesture 
With a slight apoyando. 
Normal attack with as much nail as finger pulp. 
Wrist turned towards the left. Fingers inclined inwards and hand above the 
middle of the tonehole. 
Similar gesture than the one used to obtain a warm sound but with a longer 
preparation and a more firm last phalange. 
A lot of pressure has to be applied to the strings with fingers slightly open. 
Slow attack. 
String pulled down, close to tonehole with a 45 degree angle. 
The nail should be eut in such a way that the distance between the initial 
contact point and the final falling point is maximized. The nail acts as a 
launching ramp. Round is halfway between thin and thick considering the 
sliding time of the string against the finger. 
Played with the finger pulp only. Fingers slide upward and thumb slides down
ward against the string. 

Comments : the analogy to the bottle neck sound (# 9) might refer to the labial res
onator when forming a round vowel (see chapter 8). 

Warm 

Synonyms: round, chocolatey, mellow, velvety, sensual, natural. "round AND full". 
"Perfect compromise between too nasal and too muted (étouffé)" (# 9). 
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Antonyms: angular, cold, glassy, dry, aggressive 

Emotions or images sunset, joy, feeling of fullness 

# Sound description 
1 Has a certain vitality and depth in the resonance. 
6 Produces a lot of low harmonics but with still sorne energy in the high fre-

quencies (characteristics of cedar guitar). 
9 Evokes the comforting voice of a mother. 
22 Emphasizes the medium-highs and the lows of the instrument. 

# Gesture 
6 Played to the left with a lot of finger pulp and less nail. Plucking point is right 

above the middle of the tonehole. 
8 Finger slightly inclined on string, string attacked softly above tonehole. More 

easily obtained with apoyando technique. 
9 45° angle between finger and string and slow vibrato. 
22 Technique similar to the one for a round sound but even further away from 

the bridge. 

Thick 

Synonyms dense, heavy, very fat, very round. "Warmest sound on a guitar" (# 9). 
"A thick sound is an exagerated round sound" (# 15). 

Antonyms: transparent, thin 

# Sound description 
14 Evokes the sound of the lute. 
15 Evokes the steps of a giant or of an elephant. 

# Gesture 
2 String attacked directly above the tonehole and on the left side of the nail. 
8 Apoyando with wrist inclined towards the left. 
14 Strings pulled downward, close to the tonehole, leaving the nail in contact with 

the string for the longest time (fingers almost parallel to the string). 
15 Same as for a round sound but maximizing the gliding distance of the string 

on the width of the nail (small angle between finger and string). Plucked close 
to the tonehole. 
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Velvety 

Synonyms chocolatey, fudgy, feathery, fibrous, meliflous, sensual, rich, veiled, warm, 
very soft, very round. "Warm and round" (# 1). "Smooth and clear" (# 17). 

Antonyms: bitter, crisp, dry, hard, rough 

# Sound description 
18 A sound deprived of high frequencies. 
22 Low volume and very soft attack. 

# Gesture 
1 Played close to the nut (tasto) with "curbed" fingers. 
4 Played with the pulp of the finger above the tonehole. 
12 Apoyando, tasto on the second and third strings. Angle towards the left (like 

for a round sound). 
13 Played towards the nut for a softer sound with the wrist turned slightly to the 

le ft without bending, softening the attack. 
22 Same gesture as for a warm sound but the hand should be above the nut. 

Dark 

Synonyms: opaque, mat, carvernous, hollow, deep, velvety 

Antonyms bright, luminous 

# Sound description 
4 Brings out the base of one or several notes. 
5 Refers to the heavy atmosphere of a composition. 
6 Not aggressive. Possesses a lot of low harmonies and is rather soft. 
9 Does not have much attack. Evokes the austerity and the seriousness of a 

church. 
15 Sound that characterizes the guitars with a cedar top plate. It is like being at 

the edge of an immense bottomless pit. 
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# Gesture 
4 Obtained by playing with the finger pulp right above the frets and so that the 

highs do not resonate. 
6 Played close to the nut (tasto) with a lot of finger pulp at the attack (less 

nail). 80 the attack should be very much on the left side of the nail in order 
to give the pulp as much expressivity as possible. 

5 Played above the tonehole to get more roundness. 
9 Needs a long preparation. The nail longly presses on the string and slowly 

slides in order to diminish the explosive effect of the attack. 
15 Obtained on the lower strings. 
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Chapter 8 

Phonetic Gestures Underlying Guitar 

Timbre Description 

Voyelles 

A noir, E blanc, 1 rouge, U vert, 0 bleu: voyelles, 

Je dirai quelque jour vos naissances latentes: 

A noir corset velu des mouches éclatantes, 

Qui bombinent autour des puanteurs cruelles, 

Golfes d'ombre; E, candeurs des vapeurs et des tentes, 

Lances de glaciers fiers, rois blancs, frissons d'ombelles; 

l, pourpres, sang craché, rire des lèvres belles 

Dans la colère ou les ivresses pénitentes; 

U, cycles, vibrements divins de mères virides, 

Paix des pâtis semés d'animaux, paix des rides 

Que l'alchimie imprime aux grands fronts studieux; 

0, suprême Clairon plein de strideurs étranges, 

Silences traversés de Mondes et d'Anges: 

- 0 l'Omega, rayon violet de Ses Yeux! 

Arthur Rimbaud. 
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While investigating verbal timbre descriptors commonly used by guitarists (cf. Chap

ter 7), we discovered that sorne of them seem to refer to phonetic gestures: open, oval, 

round, thin, closed, nasal, hollow, etc. Indeed, as the magnitude spectrum of guitar tones 

is comb-filter shaped, we propose to consider the local maxima of this comb filter structure 

as acting like formants (cf. Chapter 5) and we compare them to the forrnants of vowels. For 

example, when guitarists describe a guitar sound as round, it would mean that it sounds 

like a vowel produced with a round-shaped mouth, such as the vowel [J]. 
The next chapter reports on an experiment that was conducted in order to verify the 

perceptual analogies between guitar sounds and vocal sounds, based on the analogies that 

were found at the spectral level. In the experiment, participants were asked to associate a 

consonant to the attack and a vowel to the release of guitar tones. These analogies support 

the idea that sorne perceptual dimensions of the guitar timbre space can be borrowed from 

phonetics. This would imply that guitar sounds acoustically resemble voice sounds enough 

to engage a particular mode of timbre perception, what we call, the "phonetic mode" of 

timbre perception. 

The present chapter is divided in four sections. First, the "phonetic mode" of timbre 

perception is introduced. In the second section, we compare the voice and the guitar from 

different points of view. The third section presents the acoustical characteristics of vocal 
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sounds. In the last section, we review how linguists and musicians describe the timbre of 

speech sounds. The interesting fact is that there exists a large set of common qualifying 

adjectives used for the description of guitar tones and speech sounds. 

When referring to vowel sounds, we most often use the International Phonetic Alphabet. 

These symbols are placed between []. We also use Slawson's sound colour notation (see 

Appendix B). 

8.1 From speech perception to instrumental timbre perception 

8.1.1 Articulation in speech 

Articulation is primary in speech; it coexists with phonation that serves the secondary func

tion of providing audibility (proof is that whispered speech is completely understandable). 

Articulation is superimposed upon the function of mastication. 

When phonated, speech carries melodic information in the trajectory of the fundamental 

frequency of the vocal folds periodic excitation; when whispered, speech carries melodic 

information in the trajectory of formants. 

According to Paget, language is a refinement of gesture: "In recognizing speech sounds, 

the human ear is not listening to music but to indications, due to resonance, of the position 

and gestures of the organs of articulation." [124] (p. 125). This theory goes along the lines 

of the mot or theory of speech perception. 

Paget makes the observation that a child concentrating intensely upon the mastery of 

a muscular act for a specifie purpose will duplicate the act with other muscles. A child 

learning to write will "write with his tongue" at the same time; as he learns to tie his shoe 

laces, he will all but knot his tongue in a parallel process. If he so happens to make a 

sound during this process, either with vocalized or unvocalized breath, he will be speaking 

a word. 

In order to command attention to his gesture, the primitive man would undoubtedly 

phonate loudly. Suppose he is making a gesture for "high" by raising his arm and uncon

sciously raises his tongue at the same time. He will say "AL". Coincidentally, "AL" does 

mean "high" in many languages or is found in words evoking height (names of mountains, 

for example) [124]. At first there will be gestures which have obvious concrete meaning like 

this one, and from these there will develop abstract and more symbolical meanings. With 
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phonation, the primitive man made his gesture audible, and it added emotional colour to 

it. 

This theory places emphasis upon articulation. It is not making of sounds that is 

basic, but the movement of the speech organs. Accordingly, shifts in vowel formants would 

indicate movements more than they identify cavities. Even the different vowel colours are 

more articulation than phonation since they are a function of the resonators rather than 

the vibrators. 

8.1.2 The mot or theory of speech perception 

The "motor theory" of speech perception was proposed by A. M. Liberman and his col

leagues [133], [134]. In its most recent form, the model daims that "the objects of speech 

perception are the intended phonetic gestures of the speaker, represented in the brain as 

invariant motor commands that call for movements of the articulators through certain lin

guistically significant configurations" [134]. In other words, we perceive the articulatory 

gestures the speaker intends to make when producing an utterance [135]. A second daim 

of the motor theory is that there is an intimate and innate link between speech percep

tion and speech production. Perception of the intended gestures occurs in a specialized 

speech mode whose main function is to automatically convert an acoustic signal into an 

articulatory gesture. 

The proponents of this model have argued that it can account for a large body of 

phenomena characteristic of speech perception, induding the variable relationship between 

acoustic patterns and perceived speech sounds, duplex perception, cue trading, evidence 

for a speech mode and audiovisual integration [134]. 

8.1.3 Non-speech mode vs speech mode of auraI perception 

When listening in a non-speech mode, the acoustic signaIs are received in the manner of 

musical sounds or natural noises; in the speech mode, acoustic signaIs are exduded from 

awareness, and only an abstract phonetic category is perceived [154]. 

Vowels and consonants have different linguistic and acoustic properties. The audit ory 

parameters of speech (formant frequencies in steady-state vowels, for example) are analyz

able by either hemisphere, whereas the linguistic features of the signal (those associated 

with consonants) can be extracted only by the hemisphere that is language-dominant. Nev-
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ertheless, even relatively slow formant movements (as found in semi-vowels and liquids such 

as [1], [r], [w], [j]) may invoke the linguistic mode, as suggested by Haggard [130]. 
According to Reuven Tsur [153], humans are naturally tuned to the non-speech mode; 

as soon as the incoming stream of sounds reveals the slightest hint of linguistic information, 

however, we automatically switch to the speech mode: we digress our attention away from 

the acoustic signal to the combination of muscle movements that seems to have produced 

it, and from these elementary movements away to the phoneme sequence. 

8.1.4 The poetic mode of speech perception 

Tsur proposes a third type of speech perception: a poetic mode in which sorne part of 

the acoustic signal becomes accessible, however remotely, to consciousness. With Roman 

Jakobson's model of childhood acquisition ofthe phonological system [122], Tsur shows how 

the nonreferential babbling sounds made by infants form a basis for aesthetic valuation of 

language. He tests the intersubjective and intercultural validity of various spatial and 

tactile metaphors for certain sounds. 

Tsur comments: 

In certain circumstances, in what we might perhaps call the poetic mode, sorne as
pects of the formant structure of the acoustic signal may vaguely enter consciousness. 
As a result, people may have intuitions that certain vowel contrasts correspond to 
the brightness-darkness contrast, sorne other to the high-low contrast, or that certain 
consonants are harder than others. As a result, in turn, poets may more frequently 
use words that contain dark vowels, in lines referring to dark colors, mystic obscu
rit y, or slow and heavy movement, or words depicting hatred and struggle. At the 
receiving end of the process, readers have vague intuitions that the sound patterns of 
these lines are somehow expressive of their atmosphere [153]. 

8.1.5 The phonetic mode of musical timbre perception 

Similarly, we could propose a new type of instrumental timbre perception: a "phonetic 

mode" that consists in the unconscious perception of the combination of muscle movements 

of the speech organs that may have produced a similar instrumental sound. There might 

be sufficient linguistic information - such as the presence of formants in the magnitude 

spectrum - in the tones of a number of musical instruments that one may easily enter a 

sort of speech, or pre-speech mode, when listening to a performance. 
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8.1.6 Sound symbolism 

N one of the guitarists referred to vowel sounds in their written definitions (cf. Chapter 7); 

however, when asked in pers on to elaborate upon the definitions of round and thin, our 

collaborator guitarist Peter McCutcheon began to utter vowel sounds. Renee arose the 

idea to look for formants in the comb-filter-shaped magnitude response of guitar tones (as 

defined in Chapter 5). The vowels that illustrated a round sound were produced with a 

round-shaped mouth (e.g. the open [J] as in the word lock). A thin sound - which is 

often regarded as an antonym for round - was vividly depicted with vowels obtained by 

spreading sideways the lips (e.g. a [il sound as in the word tea); to produee this vowel, the 

mouth has a thin shape. In the same stream of thought, the guitarist described an oval 

sound with [A], as in the name Russel. 

This connection between guitar sounds and vowels does not appear to be within the 

realm of consciousness among classical guitarists who, as a species, generally favour a more 

metaphorical and abstract vocabulary to describe timbres (as was the case with all written 

timbre descriptor definitions collected and reported in Chapter 7). Before drawing explicit 

parallels between guitar sounds and vowels, here are sorne additional facts that support 

this reasoning. 

Sorne classical guitar masters will occasionally sing phrases with vocables (nonsense 

syllables) in an effort to communicate a timbre to their students. The guitarist Manuel 

Barrueco is known for asking his disciples to "make their guitars sing" without further 

explanation as to what he has in mind. Bass guitar players often vocalize the bass line 

when communicating with one another. An even more explicit connection between speech 

sounds and instrumental sounds is found in the realm of percussion instruments, especially 

with the North Indian Tabla tradition, an oral tradition which uses a system of vocables 

to name drum sounds. In a recent study, Patel and Iversen [151J tested the hypothesis 

that the vocables are a case of sound symbolism (onomatopoeia). Analysis revealed that 

acoustic properties of drum sounds were refiected by a variety of phonetic components of 

vocables. More generally, drum performers seem to use onomatopoeia to refer to different 

types of strokes. 

The brightness (or spectral pitch) of vowels has unconsciously been a part of hum an 

knowledge for a long time. This is attested by the onomatopoeic words in our language. 

For example, we regard moan, groan, shout, yell, scream, shriek as ranging from low to 
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high in spectral pitch [147]. 

8.1. 7 The vocal quality of formant glides 

Musicians continuously aim to emphasize the vocal quality of their instruments. This 

quality is more effectively obtained with "varying formants" rather than with "steady 

formants". In fact, the eharacteristics of speech sounds go beyond the presence of formants 

in vocal sounds to the capability of articulating smoothly between vocal sounds, resulting 

in a "formant glide". This change in the spectral envelope occurs when saying "wah" by 

smoothly switching from [u] to [a). The peaks of the spectral envelope shift, and the quality 

of the sound changes without any pitch change in the tone. 

The most familiar example of formant glide is the "wah-wah effect" created by trum

pet players and electric guitarists. Schneider explains how a formant glide effect can be 

achieved on an acoustic guitar: "If one of the lower three strings is plucked and then lightly 

damped, the spectral envelope is transformed into one very closely resembling the 00 spec

tral envelope. The damping finger absorbs aU the harmonies except the fundamental and 

the first few overtones. This, the reverse of the wah effect, can be vocaUy described as 

ah-oo" [30]. 

8.1.8 Correlating musical timbres with vowels 

In his thesis [158] which investigates related analytical techniques for music and language, 

Youngblood reports that sorne pitches played on the bassoon sound like a spoken [œ]. 
He suggests that "a full-scale attempt to correlate musical timbres with vowels could be 

undertaken, and the results would be useful to composers, music educators, and speech and 

hearing specialists. It is possible that a person who has difficulty distinguishing between 

two musical instruments might also have difficulty distinguishing between the vowels with 

which these instruments correlate". 

8.2 Comparing voice and guitar acoustical systems 

8.2.1 The "singing" guitar 

The ideal timbre that guitarists set to achieve is a warm and round sound. The purpose of 

the interaction with the instrument is to impregnate the tone with as mu ch of an organic 
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quality as possible so that it alludes to a sound produced by the human voice. In order 

to achieve this quality, guitarists have to compensate for the rigidity of the instrument 

acoustics. The walls of vocal resonators are made of soft tissues (tongue, cheeks, palate, 

etc.), while resonators of most musical instruments are made with hard materials. In the 

voice acoustical system, there is a weak coupling between excitation and resonator. Sorne 

resonating cavities are variable in shape and size. In the guitar acoustical system, string 

and body are two resonators strongly coupled through the bridge. The body is fixed in size 

and shape. Despite aIl of these differences, the performer seeks ways to achieve timbraI 

manipulations that occur in speech. 

8.2.2 Vowel-like resonances in musical instruments 

In his book Sound ColoT, Slawson reviews research that investigated "vowel-like resonances 

in sorne musical instruments" [154]. He notes that "most musical instruments have sources 

that are driven by the resonance systems of the horns, strings, or membranes that make 

up this instrument" and that "[t]here is little in those systems, apparently, that is vowel

like" [154] (p. 157). He refers to Jansson [8] who compares the bow-string system to 

the vocal source and the resonance box to the vocal-tract filter system; this analogy is 

not very successful. Slawson rules out musical instruments as models for sound colour 

because of the strong coupling between source and filter: "[t]here may be sorne basis for 

studying the sound colour of musical instruments if other decoupled resonance systems are 

discovered" [154] (p. 157). 

Nonetheless, we believe that in order to establish perceptual analogies between vowel 

sounds and guitar sounds, it is not necessary to find strong similarities between the struc

tures of the acoustical systems (i.e. between the causes of the sounds). It might be sufficient 

to find similarities between the acoustical signatures of the sounds produced by these sys

tems (i.e. between their effects), regardless of their cause. 

In a sourcejfilter modelling of the vocal production system, the source consists of the 

vocal folds that generate the glottal excitation, and the filter corresponds to the cascade of 

resonators formed by the vocal tract (oral, labial and nasal cavities). Vowels are recognized 

based on the frequency location of the formant regions. 

As illustrated on Fig. 8.1, the guitar may also be decomposed into a source (the strings) 

coupled to a filter (the body) via a bridge. In an attempt to draw paralleis between 
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Fig. 8.1 In the source/filter model of the vocal mechanism, the formant 
structure lies in the resonator. In the source/filter model of a guitar, the 
formant structure lies mainly in the source. 

the guitar and the voice acoustical systems, one would expect that the formant structure 

belongs to the filter in both cases. We suggest that the vowel-like formant structure is 

actually due to the localized plucking excitation point along the string (resulting in a comb 

filter effect) rather than to the main resonances of the body which occur at quite low 

frequencies, around 100 or 200 Hz. 

As shown in Chapter 5, the comb filter effect, inherent to any localized excitation point 

along the string, is characterized by odd-numbered formant frequencies (F2 = 3 X FI, 

F3 = 5 X FI, etc.). Sorne vowels show similar patterns in their magnitude spectrum since 

the vocal tract is, in first approximation, a tube closed at one end, that also favours odd

numbered resonant frequencies. This situation occurs for the neutral vowel, as illustrated 

on Fig. 8.2. 

To summarize, vowels and guitar tones often display similar acoustic signatures, al

though the systems that pro duce them are structurally different (the latter is a coupled 

system whereas the former is not). In order to establish perceptual analogies between 

vowel sounds and guitar sounds, we believe it is sufficient to find similarities between the 

acoustical signatures of the sounds, regardless of their cause. 
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Fig. 8.2 Neutral vowel represented by stylized vocal tract configuration and 
area functions [123]. 

8.2.3 Vocal strings and sounding board 
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The voice is not a stringed instrument, although certain parallels can be drawn. For 

instance, the vocal "cords" change their pitch by changing their tension, as do strings. 

But strings do not alter their tension while they are being played. In fact, the vocal folds 

function much more like the lips of a trumpet player. 

Other analogies between the voice and a stringed instrument that is sometimes used 

by singers are even less justified, namely references to the hard palate and other bony 

surfaces as "sounding boards". The voice has no strings, or if one considers vocal cords as 

such, there is no bridge to any part of the body that might be called a sounding board. 

Furthermore, the palate is too small to act as a sounding board, and it is muffied in a soft, 

fleshy covering [147]. 

8.3 The voice acoustical characteristics 

Sorne timbre des cri pt ors for the classical guitar refer to vocal characteristics, such as 

roundness and nasality. This is why we present in this section the acoustical basis of 

these two features of the vocal production system. 

8.3.1 The singing voice 

The singing voice is a wind instrument. The actuator is the wind supply in the lungs of 

the singer. The vibrator is in the larynx, or voice-box. The excitation is produced by the 

vocal folds, behaving as a valve periodically interrupting the flow of air coming from the 

lungs The resonators are the laryngeal, oral, labial and nasal cavities. 
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8.3.2 Formant structure of vowel sounds 

The recognizable quality of the vowel sounds is due to the existence of formant regions, 

which are frequency ranges where the sound is enhanced by the cavity resonances of the 

human vocal tract. The spectral envelopes corresponding to three different English vowels 

are displayed on Fig. 8.3. 

[EE] 

[AH] 

. 
Il 

W 

1000 2000 3000 Hz 

Fig. 8.3 Spectral envelopes corresponding to three different vowels. 

A vowel's timbre depends on the following elements: 

• the number of active resonators (among the laryngeal, oral, labial and nasal cavities); 

• the shape of the oral cavity (determined by the general position of the tongue in the 

mouth - front, central or back positions); 

• the size of the oral cavity (depending on the degree of aperture of the mou th). 

8.3.3 The mouth as a resonator 

The mouth is also called the oral or buccal cavity. The boundary between the oral and the 

pharyngeal cavities is marked by the soIf palate at the top, the pillars at the sides, and the 

tongue at the bottom. 
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The position of the tongue determines whether the mouth and the throat will function 

as one large air chamber or as two resonators, and how the cavities will vary in size. The 

size is also influenced by the position of the jaw, and the shape and dimensions of the 

orifice are a function of the lips and teeth [147J. The parts of the mouth are also used in 

the production of consonants. 

According to Delattre, the lowest frequency formant is tuned by the overall opening of 

the bucco-pharyngeal resonator. When the tongue and jaw are raised, as for [iJ and [uJ, 

the low formant is at its lowest point; and as the jaw drops and the mouth opens, the low 

formant rises toward [a J. The second formant is tuned by the "lengthening" of the mouth 

cavity and is lowered as a result of tongue backing and lip rounding [128] 

8.3.4 The lips as a resonator : the roundness in the voice 

If the lips are rounded and pushed forward, a third labial resonator is formed; if, on the 

other hand, the lips are spread sideways or pressed against the teeth, no labial resonator 

is formed. The presence of this resonant frequency in the spectrum may therefore be 

correlated with the perceptual attribute of roundness. 

8.3.5 The nose as a resonator : the velvet in the voice 

The nasal cavity itself is not adjustable, so the control consists entirely of shunting it in 

or out of the resonance system. If the soft palate is raised, air do es not enter the nasal 

cavity and passes mostly through the oral cavity; a vowel produced in such a way is an oral 

vowel. If the soft palate is lowered, air can pass through nose and mouth simultaneously, 

producing a nasal vowel. The perception of a sound as nasalized depends on the ratio of 

the size of the opening into the nasal cavity and the opening into the oral cavity. When 

the nasal port is large relative to the oral port, then nasality is perceived. 

The tone as resonated by the nose is a honky, muffied sound. In dassical singing, the 

dosure of the naso-pharynx is usually complete. Vennard mentions that "A small seasoning 

of nasality is sometimes desirable to give the voice a velvety quality" [147J. AIso, nasality 

is the characteristics of certain consonants, represented by the symbols [m], [n], and [1]J. 

The nasal tract has its own resonant frequencies or formants, the nasal formants, which 

vary from speaker to speaker due to the large variation in side and shape of nasal cavity. 
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One consequence on the magnitude spectrum of the vowels appears to be at low fre

quencies, in the vicinity of the first formant [131]. There is usually an upward shift in the 

first formant frequency due to the presence of a low frequency antiresonance just below FI, 

which tends to make the peak in the spectral envelope in the region of FI appear between 

50 and 100 Hz higher than it would normally be. 

Antiresonances occur whenever there is a side branch in the main acoustic pathway, as 

it is the case when the soft palate is lowered, allowing the air to pass through both oral and 

nasal cavities. The most general effect of ad ding nasal resonance to oral resonance is an 

overall loss of power. The antiresonances decrease energy at specific frequencies, thereby 

reducing and sometimes eliminating sorne low intensity formants from the acoustic signal. 

The general attenuation of the signal is also refiected in the broadening of all the formant 

bandwidths and fiattening of spectral peaks. The association between broad bandwidths 

and nasal sounds was noted by Jakobson & al. [121] (p.39). Also, the degree of nasalization 

heard depends on the amount of acoustical impedance in the oral and nasal cavities. As a 

result, high vowels (such as li]) are generally perceived as more nasal than low vowels (such 

as [a]). 

The fact that the magnitude spectrum of a guitar tones displays broad peaks might 

explain why guitar tones are generally perceived as nasal. 

8.3.6 The larynx as a resonator : the brilliance in the voice 

Among singers, brilliance refers to the ring in the voice. The ring of the voice is the 

presence of strong overtones averaging around 2800-2900 Hz for men, and about 3200 Hz 

for women [147]. This is the third formant also called the singer's formant because it is 

mu ch more present while singing than while speaking [146]. In fact, the singer's formant 

cornes from the reunion of several formants (3d, 4th and 5th), one of which might be 

associated with the resonance of the chamber of the lower larynx. 

This ring has various characteristics that associate it with the larynx. According to 

Vennard, although two formants are sufficient to identify vowels and while sorne vowels 

(especially li]) are more ringing than others, "the presence in strength of the ring marks 

the fine singer" [147] (p. 129). 
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Fig. 8.4 Speetrum envelopes of the vowel [u] spoken (dashed eurve) and 
sung (solid eurve) by a professional opera baritone singer. The amplitudes of 
the harmonies between 2 and 3 kHz, approximately, give a marked envelope 
peak in singing. This peak is ealled the singer's formant, typically oeeurring 
in aIl voieed sounds produced by Western classical male singers and altos. 
(Adapted from [145]) [146]. 

8.3.7 The texture of the resonators 
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The hardness or softness of the surfaces of a resonator encourages or discourages high over

tones. The softer the walls of the resonator, the greater the attenuation of high frequencies 

and the larger the bandwidth of resonances. Therefore, soft walls, absorbing the rapid, 

short-wave vibrations, make atone sweeter, mellower. Hard walls make the tone more bril

liant by reflecting the high partials. Vocal resonators have various surfaces. Most of them 

are fleshy and thereby soft, but the hard palate has a bony structure near enough to the 

surface to make a difference. Vennard points out that, just before the tone emerges, it may 

pass through either a soft, fieshy orifice - as in the vowel lu] - or a sharp, hard-edged orifice 

- as in the vowel [i], especially when it is "smiled" due to the hardness and sharpness of 

the teeth [147]. Vennard adds that "if the throat and the root of the tongue are stiff when 

singing with force, the tone which emerges is ringing to the point of being metallic" [147] 

(p. 155). 

An other aspect to consider is the warm and humid air resonating in the vocal tract, 

increasing visco-thermallosses and therefore widening formant bandwidths. 
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8.3.8 Coupling between source and filter in the voice acoustical system 

In the voice acoustical system, the excitation and the resonator are therefore not completely 

decoupled. The vowels have specific effects on laryngeal function through the extrinsic 

musculature. The glottal rattle requires a loose glottis, and is much more difficult to 

perform on either li] or [u] than it is while the resonators are forming an [ a]. The ventricules 

of the larynx are larger for li] than [a] with the same loudness, especially when the vowels 

are whispered. The vowel [a] requires much less pressure to pro duce , and the [u] slightly 

less than the li] [143]. Singers are trained to give a litt le more energy to the vowel [i], partly 

because the mouth is likely to be more closed, and also because this vowel contains more 

energy in the high frequencies [147]; nevertheless, the produced global power is usually 

weaker for li]. 

8.4 The description of speech sounds 

An interesting fact is that there exists a large set of qualifying adjectives used for the 

description of both guitar tones and speech sounds. This section reviews how linguists and 

musicians describe the timbre of speech sounds; a particular attention is payed to vowels. 

8.4.1 Physiological description of speech sounds 

The principal physiological factors that are considered when distinguishing vowels from one 

another are [120]: 

• Movement of the tongue forward or backward with the jaw held steady. Example: [re 

- a - J] as in panned - pond - pawned. 

• Movement of the mouth and jaw from almost closed to fully open with the tongue 

held steady. Example: [i - e - re] as in mean - mane - man. 

• Rounding or non-rounding of the lips with the tongue and jaw held steady. Example: 

[ü - i] as in German Tür-Tier. 

• Opening or closing the passage to the nasal cavity with the tongue and jaw he Id 

steady. Example: [5 - 0] in French bon - beau. 

Consonants differ according to the following principal criteria: 
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• Presence or absence of voicing (vocal folds vibration). Example: din - tin. 

• Complete or partial obstruction of the air fiow. Example: tin - sin. 

• Closure or non-closure of the velum. Example: dip - nip. 

• Surmounting or circumventing the obstruction. Example: rip - lip. 

In addition to these clearly perceived differences, trained phoneticians can hear relatively 

subtle sound differences, like the differences between the p's of pin, spin, and napkin. 

8.4.2 Distinctive features of speech sounds 

The distinctive feature theory was proposed by Jakobson, Fant and Halle in 1951 [121] and 

then later revised and refined by Chomsky and Halle in 1968 [119]. The theory codifies 

certain long-standing observations of phoneticians by hypothesizing that many sounds of 

speech can be categorized based on the presence or absence of certain distinctive features: 

whether the mouth is open, whether there is a narrowing of the vocal tract at a particular 

place, whether a consonant is aspirated. Those properties are the features that characterize 

and distinguish the phonetic content of a language. The theory can be applied, with only 

slight modifications, to aIl human languages throughout the world. Jakobson, Fant and 

Halle detected twelve inherent distinctive features in the languages of the world. They 

present those features as binary oppositions (d.f. stands for "distinctive feature"): 

• Fundamental source features 

- Vocalic vs non-vocalic [d.f. 1] 

- Consonantal vs non-consonant al [d.f. 2] 

• Secondary consonantal source features 

- Envelope feature 

* Interrupted vs continuant [dJ. 3] 

* Checked vs unchecked [d.f. 4] 

Strident vs mellow [d.f. 5] 

Supplementary source: voiced vs voiceless [dJ. 6] 
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• Resonance features 

- Compact vs diffuse [d.f. 7] 

- Tonality features [d.f. 8] 

* Grave vs acute [d.f. 9] 

* Flat vs plain [d.f. 10] 

* Sharp vs plain [d.f. 11] 

- Tense vs lax [d.f. 12] 

- Supplementary resonator: nasal vs oral [d.f. 13] 

8.4.3 Slawson sound color 

In his book Sound Color [154], Slawson addresses the following question: "How can one 

aspect or dimension of sound color be held constant as other dimensions of sound color 

are varied 7" He answers by first designating three of the distinctive features of vowels 

(compactness [d.f. 7], acuteness [d.f. 9] and laxness [d.f. 12]) as candidates from which 

to derive dimensions of sound colour. Then he determines equal-value contours for the 

distinctive features as shown on the next figure. To hold sound colour constant with respect 

to one dimension, Slawson recommends changing the values of the first two formant central 

frequencies H and F2 in such a way as to remain on one of the equal-value contours of this 

dimension. 

• OPENNESS (replacing the term COMPACTNESS given in [121]) is named for the tube 

shape with which it is correlated. The approximate acoustic correlate of OPENNESS 

is the frequency of the first resonance. 

• ACUTENESS refiects its connotation of high or bright sound. It increases with increas

ing frequency of the second resonance. 

• LAXNESS is said to correspond to a relatively relaxed state of the articulatory muscu

lature. The equal LAXNESS contours are closed curves on the (FI, F2 ) plane centered 

on the maximally lax point. This central point correspond to the formant values that 

would arise, in theory, from the vocal mechanism in the position to which it is auto

matically brought just before beginning to speak [119]. This is the neutral position 
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Fig. 8.5 Contours of equal OPENNESS, equal ACUTENESS and equal LAXNESS 

of the vocal tract which can be best approximated by a single tube closed at one 

end. Since a tube of length L closed at one end can only resonate at frequencies for 

which L is an odd multiple of one quarter wavelength and since the average length 

of the vocal tract of males is about 17.5 cm, the resonances appear at approximately 

500, 1500, 2500 Hz, etc. A tense vowel displays a greater deviation from the neutral 

formant pattern (Supplement - Tenseness and laxness by R. Jakobson and M. Halle 

in [121].) 

Slawson notes that "if we can identify certain primitive features of speech that serve 

sorne pre-speech function, we have reason to consider their inclusion among the features 

of sound in general and of sound color in particular" [154] (p. 61). In sorne sense, Slaw

son claims that the dimensions of OPENNESS, ACUTENESS and LAXNESS are fundamental 

biologie al features that are part of the audit ory processing of aH sounds. The colour of a 

sound is determined by its value on each of the dimensions, and its phonetic category in 

the speech mode may be determined by which side of a critical point on the dimensions its 

sound color lies. 

Though Slawson intuitively recognized that sound colour distinctive features can be 

applied to the audit ory processing of all the sounds, and therefore to the sounds produced 

by musical instruments, he did not propose any specifie applications since he maintained 

that clear analogies between vocal sounds and instrumental sounds were not possible. 
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8.4.4 Metallic quality of sorne consonants 

Phonetically, while [p] and [t] are "diffuse" consonants, [k] is characterised as "compact", 

or more abrupt. The consonant [k] is often associated with a metallic or brassy sound. 

As noted by Gaver [86], the sounds made by vibrating wood decay quickly, with low fre

quencies lasting longer than high ones, whereas the sounds made by vibrating metal decay 

slowly, with high-frequency lasting longer than low ones. In addition, metal sounds have 

partials with well-defined frequency peaks, whereas wooden sound partials are smeared 

over frequency axis. Tsur [153] adds that the opposition "well-defined frequency peaks" -

"smeared over frequency axis" may be perceived as corresponding to the compact-diffuse 

opposition in the traditional phonetics domain, characterising the [k] - [p, t] opposition. 

Tsur remarks that there is nothing metallic in the velum, the place of articulation of the 

[k]. It is the acoustic features of [k] that render it more metallic than [p] or [t]. "This can 

explain why we hear a clock tick-tocking rather than, e.g., tip-topping. [k] is better suited 

than [p] or [t] to imitate the metallic click of a clock." 

In this explanation of the metallic quality of [k], the frequency contents of the sounds 

are compared. Since plosive consonants are transients, it could be more appropriate to 

compare the rise times. In fact, what metallic sounds and a guttural plosive such as [k] 

have in common is a very short attack duration. It can be argued that this is a better 

explanation of the association between the sound [k] and the metallic quality. 

8.4.5 Description of vowels by singers 

Singers devote much effort to the control of vowel quality. The vocabulary they use to 

qualify vowel timbre is really close to the vocabulary used to qualify instrumental timbre 

(e.g. round, pointed, dark, open, ... ). Our primary source for this section is Singing. The 

Mechanism and the Technic by William Vennard [147]. 

Round vs pointed 

Vowel [a] (as in "calm") is part of the round vowels family and li] (as in "beet") is part 

of the pointed vowels family. The qualities associated with the [i, e, a] series are bright, 

cool, forward, pointed, high. The opposite qualities are associated with the [u, 0, a] series: 

dark, warm, back, round, deep. The vowel [a] belongs to both groups. 
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Fig. 8.6 Vocal triangle by Hellwag (1781) [142]. 

Vennard explains that "singing the round vowels tends to lower the voice box, and 

therefore they may sound better and actually rise to higher pitches than the pointed vow

els" [147] (p. 154). 

The open and round vowel [Q] 

Vennard points out that the vowel [ a] (as in "calm") predominates in the voice literature. 

It is the most fully resonant sound in language and it shows the greatest variety of possible 

colour. He adds that in [a], "brightness and mellowness are equally balanced" [147] (p. 

145). To pro duce [a], the pharynx is distended comfortably, the jaw is dropped, the tongue 

is low and grooved. "[a] may be considered an [uh] (neutral vowel) that has been beautified 

by proper resonation" [147] (p. 131). 

It is interesting to note that the plucking region of predilection for guitar sounds is 

where round and open sounds are produced. A great number of adjectives qualify guitar 

sounds of this type (as shown on Fig. 7.3 from the previous chapter). 
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The pointed vowel [i] 

The vowel li] (as in "beet") sounds brilliant regardless of how it is produced. The frequency 

of the forward cavity of the vowel li] has a frequency near that of the collar of the larynx, 

which is said to produce a resonance around 2800 Hz. IncidentaIly, this is the resonant 

frequency of the chamber of the outer ear, which means that this formant need not be very 

loud to sound loud, since the ear is very sensitive around that frequency. 

In [i], the ring is higher pitched and may overpower the lower partial. This is what 

happens when the li] sounds strident, white or nasal. Vennard explains that in this event, 

the tongue may be too stiff, or the teeth may comprise too great a part of the aperture, 

either of which conditions favour high partials at the expense of low ones [147] (p. 145) 

Fig. 8.7 Contrasting tongue positions: generalized outlines based upon X
rays by G. O. Russell [126]. A resembles various X-rays to which are applied 
the words: barbarie, fiat, metallic, piercing, pinched, tight, voix blanche. B re
sembles various X-rays of professional singers and others, to which are applied 
the words: forward placement, mellow, resonant, soft. [147]. 

The pear-shaped [Q] 

This analogy, which seems to have originated with Lilli Lehman [144], summarizes the ide a 

that a good vowel will have "forward placement" while filling the entire throat. Vennard 

describes the analogy in the following terms [147] (p. 149) : 

"The stem of the pear is the teeth; it is the focus of the tone, which is 
a means of getting desirable quality. The stem itself is undesirable, and used 
only in vocalizing. It is nasal and twangy in its most extreme form, but the 
whole fruit grows from it. The small part of the pear is in the mouth and is the 
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brilliance of the tone. The pear swells into something large and mellow, that 
can be felt throughout the entire pharynx and is limited only by the singer's 
ability to enlarge this organ" 
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This description fits the vowel [Q] most aptly. The placement of the other vowels is 

described with differently shaped objects : the [0] has less of the mouth resonance, and 

is more "like an orange", the [el is more "cone-shaped" than a pear, and the [il is even 

further pointed. 

White vs dark voices and vowels 

Singers calI dark, dark brown, grey or muddy a timbre that lacks high partials. The French 

expression, voix blanche ("white voice") designates a singer's voice which contains high 

partials.at the expense of low ones [147]. The resonance dichotomy is forward brilliance as 

opposed to mellow depth. Also in singing, roundness is often associated with depth. 

Garcia states that the voice has two timbres, clair and sombre (p. 5). As to the physi

ology of these timbres, Garcia elaborates that for clear or open timbres, the larynx is high 

and the soft palate low whereas for dark or covered timbre the larynx is low, and the velum 

high, and the pharynx vigorously rounded. When timbre clair is exaggerated, the voice 

becomes white, shrill, and screeching (blanche, criade, glapissante). When timbre sombre 

is exaggerated, the voice is covered, choked, muffied (couverte, étouffée, sourde) [147] (p. 

121). 

This white/dark opposition characterizes the different tradition of singing pedagogy. 

The ltalian tradition of pedagogy is to emphasize "forward placement", which makes for 

great brilliance and fiexibility; whereas the Germanic teachers have been more likely to 

emphasize a deeper production, the "stroke of the glottis" , which makes for fuller tone and 

more power, such as Wagnerian opera demands. 

Pursed lips lower the pitch of the resonators by decreasing the diameter of the orifice, 

giving it soft edges, and adding a "neck" to the resonator. According to Vennard, this 

positioning of the lips is necessary to pro duce the dark vowels, [0] and [u] [147] (p. 119). 

If the lips are drawn back, as in an exaggerated smile, the edge of the orifice becomes 

the teeth, which draws out high partials. If the opening is made lar'ger, the pitch of 

the resonator raises. The acoustic effect is the exact opposite of darkening, and is called 

whiteness, or voix blanche. The hard edges of the teeth are sometimes employed to give 
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brilliance to an otherwise breathy tone, as for example, a falsetto. 

The origin of the adjectives round, open, closed, etc. is quite obvious, but the opposite 

pair dark and clear are not explained as easily. Perhaps the vocal tract is felt as a dark 

cave. If the sound seems to emerge from a point very low and far inside the vocal tract, the 

sound is perceived as dark. If the sound seems to emerge from a higher point, doser to the 

opening of the mouth, the sound is perceived as clear and white. The acoustic shadowing 

is perceived as an optical shadowing. 

Emotional connotations of the vowels 

There are various theories of the origin of language. One theory involves the concept 

that the vowels are instinctive expressions of emotion, from which other, more specifically 

communicative expressions have evolved [147]. 

It can be said generally that the high formant vowels are more elated, whereas low 

formants are more sombre. Vennard explains that if a voice student swallows his tones, the 

teacher will often suggest to sing them more gaily, more happily. If the student sings too 

whitely, the teacher would suggest a more sober, more profound sound. A sad song might 

be sung as if the [eJ's were [0J and [iJ's were [yJ. In an exultant song, [oJ becomes [J], etc. 

[147] (p. 147). 
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Chapter 9 

Listening to Guitar Sounds as Vocal 

Sounds 

Between 

What 1 think 

What 1 want to say 

What 1 think 1 say 

What 1 say 

What you want to hear 

What you think you hear 

What you hear 

What you want to understand 

What you think you understand 

What you understand 

There are ten chances that we will have trouble communicating. 

But let us try anyway. .. 

Bernard Werber 

(from L'encyclopédie du savoir relatif et absolu J. 
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This chapter reports an experiment that was conducted in or der to verify the perceptual 

analogies between guitar sounds and vocal sounds, based on the analogies that were found 

at the spectrallevel. In the experiment, participants were asked to associate a consonant to 

the attack and a vowel to the release of guitar tones. These analogies support the idea that 

sorne perceptual dimensions of the guitar timbre space could be borrowed from phonetics. 

9.1 Application of the distinctive features of speech to guitar 

sounds 

9.1.1 Guitar sound subspace in a vowel space 

The trajectories that we plotted with a dotted line on top of Slawson's equal-value contours 

for distinctive features of speech in Fig. 9.1 correspond to the relationship H = 3 FI, which 
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is found for the first two local maxima of a comb filter frequency response l
. The first 

formant frequency is calculated with: 

3.0 

2.0 

1.5 

1.0 

(9.1) 

OPENNESS ACUTENESS LAXNESS 
3.0 

ii. 
2.0 

1.5 

1.0 

0.4 0·8 0.4 0.8 

First formant frequency 1kHz) First formant frequency 1kHz) First formant frequency 1kHz) 

Fig. 9.1 Equal-value contours for three distinctive features of speech in the 
(H,F2 ) plane [154] with superimposed guitar vowels trajectory (dotted line) 
corresponding to the relationship F2 = 3 FI. 

In that way, one can see which "vowels" are obtained by varying the plucking position 

from the middle of the string (uu region) to the bridge (ee region or further up depending 

on fundamental frequency of the string). For a given string, the absolute plucking position 

p will determine the vowel colour, regardless of the note that is played. In fact, the formant 

frequencies Fn are constant for a given absolute plucking position p on a given string, 

regardless ofthe note that is played because the product lfo in Eq. (9.1) is a constant for a 

given string and equals half the speed of sound c along the string. Therefore, FI can also be 

expressed as the ratio c/4p. As a result, vowel colour is maintained for any note.on a given 

string, except for relative plucking position R = 1/2 which is the case of an odd-harmonic 

only spectrum, perceived as a distinct timbre. 

The table below gives the first formant frequency calculated with Eq. (9.1) for the six 

strings of a guitar tuned with the standard tuning, together with the closest sound colour 

IThe curve F2 = 3 FI is not a straight line because the F2 axis is not linear. 
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and corresponding IPA symbol, for a string length l = 60 cm and a plucking position p = 
12 cm from the bridge (normal plucking position). 

String 

6 
5 
4 
3 
2 
1 

Note Tuning First formant frequency for Closest IPA 
name frequency p = 12 cm and l = 60 cm sound colour symbol 

E (Mi2) 83 Hz (30 x 83) /12 = 207.5 Hz uu u (boat) 
A (La2) 110 Hz (30 x 110)/12 = 275 Hz oe (2\ (base) 
D (Ré3 ) 146 Hz (30 x 146)/12 = 365 Hz 00 o (boat) 
G (Sols) 202 Hz (30 x 202)/12 = 505 Hz ne 3 (the) 
B (Si3 ) 248 Hz (30 x 248)/12 = 602 Hz ee e (bait) 
E (Mi4 ) 330 Hz (30 x 330)/12 = 825 Hz ae re (bat) 

Table 9.1 For each string, the frequency of the first comb filter formant is 
calculated for a pluck 12 cm from the bridge (FI = Ifo/2p).The closest sound 
colour (based on Fig. 9.1) is also given. 

We see that different vowels correspond to different strings. Darker vowels (such as [u]) 

will be heard on lower strings. Clearer and thinner vowels will be heard on higher strings. 

The G-string (lowest of the three nylon strings) is particular. In the normal plucking 

position, it pro duces a neutral vowel, also called the dull vowel by singers. This was 

confirmed by our collaborator Peter McCutcheon who complained about the G-string as 

always "too dull". Another characteristic of this string is that the whole guitar-vowel 

trajectory is covered when plucking position is varied from the middle of the string to the 

bridge. At its midpoint, the string (with Jo = 202 Hz) starts with a uu (H = 230 Hz, 

F2 = 700 Hz) sound since FI = Jo = 202 Hz and F2 = 606 Hz. Plucking a bit closer to the 

bridge (for example at 27 cm from the bridge on a 60 cm string), FI gets even closer to the 

first formant central frequency of uu. 

FI = lJo = 60 x 202 = 224 Hz 
(p = 27 cm) 2p 2 x 27 

Very close to the bridge (for example at 5 cm), the plucked G-string pro duces a thinner 

and more nasal tone, close to a [8]. 

FI = lJo = 60 x 202 = 1212 Hz 
(p = 5 cm) 2p 2 x 5 

It is not possible to pro duce dark vowel such as uu on the first string (with Jo = 330 Hz). 
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The darkest vowel on the first string is obtained at its midpoint, where FI = Jo = 330 Hz. 

Guitarists confirm that the first string is often "too thin" . 

9.1.2 Phonetic gestures underlying guitar timbre description 

On Fig. 9.2, we drew "mouth shapes" associated with the different degrees of OPENNESS 

and ACUTENESS. A closed and acute vowel (such as ii) is represented with a thin horizontal 

ellipse. The neutral vowel ne (in the center) is moderately open and moderately acute. 

N g 3.0 

>-u 
~ 2.0 
::J 
0-
G) 1.5 ~ ... 
1: 
l'Q 
E .... 1.0 .2 
"C 
1: 
0 
U 
G) 

CI) 

OPENNESS ACUTENESS LAXNESS 
3.0 

2.0 

1.5 

1.0 

O .• 

0.4 0·8 0.4 0.8 

First formant frequency (kHz) First formant frequency (kHz) First formant frequency (kHz) 

Fig. 9.2 Mouth shapes associated with vowel colours centred on the corre
sponding (H, F2 ) points. 

We propose to apply the three distinctive features of speech to guitar sounds in order 

to explain the origin of sorne of the adjectives that guitarists use to describe timbre. For 

example, the adjectives closed, round, large, open could indicate different degrees of OPEN

NESS. The adjectives thin and round would be opposites along the ACUTENESS dimension. 

A warm or chocolatey sound would likely be associated with the maximally LAX point. 

In fact, a warm sound likely evokes the sound that one makes while exhaling warm air, 

usually with the vocal tract in a neutral position. Finally, a hollow or cavernous sound 

would actually sound like the [u] vowel produced as the mouth forms a hollow cavity. 

9.1.3 Holding sound colour constant 

Since each string corresponds to a distinct vowel colour for a given absolute plucking po

sition, we could ask by how much should the plucking position change from a string to an 
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adjacent string in order to maintain the sound colour constant. 

In the standard tuning, aIl strings are a perfect fourth (5 semitones) apart except 

between the 3d string and the 2d string where there is only an interval of a major third (4 

semitones). Knowing that the first formant frequency FI is proportional to the fundamental 

frequency Jo and inversely proportional to the absolute plucking position p, it can be 

conduded that the absolute plucking position has to increase or decrease proportionally 

to Jo. Let Cl; be the transposition ratio from one string to the next, say 4/3 for a fourth. 

The fundamental frequency Jo is multiplied by Cl; when switching to the higher-frequency 

string and p should be multiplied by the same factor Cl; in order to keep the first formant 

frequency constant. In fact, it is easy to verify that 

To summarize, if two adjacent strings are a fourth apart, 

4p p 
6p = - - p = -

3 3 

and if the two adjacent strings are a third apart, 

5p p 
6p = - - p = -

4 4 

Example: atone is plucked 15 cm from the bridge on the second string. Wh en switching 

to the first string (a fourth higher), the pluck has to be 15 x 4/3 = 20 cm away from the 

bridge to keep FI constant (6p = 5 cm). 

Guitarists do not usually compensate for the change of timbre. It would be physically 

quite difficult and unpractical since the right hand would have to bend to the right so that 

the index finger could pluck the highest string doser to the bridge. Most guitarists play "to 

the left" with the hand in the axis of the forearm. As a result, higher frequency strings are 

plucked slightly closer to the bridge than lower frequency strings (2-3 cm difference between 

index and ring finger). Thus, this playing technique accentuates the timbre differences 

between strings instead of attenuating them. 

There is one situation in which guitarists try to compensate for the change of timbre: 

when playing a rapid scale apoyando, the hand drifts away from the bridge while switching 
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from lower strings to higher strings. 

9.1.4 Relationship between formants 

Peterson and Barney have found different formants for the same vowel in men, women, and 

ehildren. It appears that the vowel is a Gestalt in which the frequeneies of the formants 

oeeupy a large role, but in whieh relationships between the formants also eontribute to 

reeognizability. Hence, the illusion of a certain vowel sound may be possible with unusual 

formant frequeneies [136]. 

9.1.5 TimbraI continuity from note to note on the same string 

Schneider notes: "When a melody is performed on a single string and the right hand stays 

at the same plueking position, the speetrum of eaeh note is different. This is best illustrated 

by playing an octave diatonie seale on a single string with the right hand at one-sixth of 

the length of the open string throughout the seale. When the octave is reaehed, at the 12th 

fret, the right hand will be plueking at one-third of the vibrating length, having plueked at 

a different pereentage of the length for eaeh note of the seale." [30] p. 37. 

It is true that the speetrum changes from note to note. The relative magnitude of 

harmonies ean be dramatieally different. Granted, at the beginning of the seale example 

heretofore mentioned, the 6th harmonie is attenuated (as well as all its integer multiples) 

and at the end of the seale, an octave higher, the 3d harmonie is attenuated. However, it is 

still the same absolute frequeney since the frequeney has been doubled when reaehing the 

octave. 

As shown in Chapter 5, a fixed absolute plueking position induces a constant absolute 

location of the maxima and minima in the magnitude speetrum. It is as though the spectral 

envelope were fixed, while the harmonies move around under it. This is illustrated by the 

Fig. 5.3 and Fig. 5.4 in Chapter 5. Note that this behaviour emulates the spectral behaviour 

of the voiee. 

9.2 Associating non-sense syllables to guitar tones 

When guitarists are asked to assoeiate vowel sounds to guitar tones obtained with various 

plueking positions ranging from near the bridge to doser to the midpoint of the string, 
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they agree on the sequence [e], [r], [a], [J], [0], [u] (when imposed to choose among these 

simple French vowels) from the bridge to the middle of the string. 

We have synthesized vowel-like sounds characterized by formants located at the fre

quency locations of the maxima of a comb-filter structure: the second formant frequencies 

equals three times the first formant frequencies (F2 = 3 X FI with FI = 1000,800,600,400 

and 200 Hz) as shown on Fig. 9.3. 
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Fig. 9.3 Spectral envelopes with two formants of "guitar vowels". The table 
provides the central frequencies f (in Hz), the amplitudes A (in dB) and the 
bandwidths BW (in Hz) of the two formants FI and F2 . 
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This sequence of sounds simulates the narrowing of the comb-filter structure when 

moving the plucking position from the bridge to the midpoint of the string. The synthesized 

sounds are perceived as close to [œ] (as in "bat"), [A] (as in "but"), [J] (as in "bought"), 

[oJ (as in "boat"), [uJ (as in "boot"). At this point, attention can be given to the shape 

of the mouth forming these vowels. When plucked close to the bridge, the string pro duces 
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a sound that is associated with a thin-shaped mouth. Moving closer to the tonehole, the 

mouth seems to open up to a round shape. Then, from the tonehole to the midpoint of 

the string, the mouth closes progressively while maintaining a more or less round shape. 

At midpoint, the guitar sound lacks aIl even harmonics. In fact, perceptuaIly, the sound 

is generally described as hollow and some guitarists qualify it as a bassoon sound. The 

guitarist Alexandre Lagoya calls it a "son tuyau" [pipe soundJ [26J. 

nasal 
tones 

round and 
open tones 

closed 
tones 

Fig. 9.4 Phonetic gestures associated with timbres with different plucking 
positions (the guitar was drawn by Matti Karjalainen - used with permission). 

Note that the transitions from a thin-shaped mouth to a round-shaped mouth and then 

to a closed mouth are the same transitions one continuously goes through when imitating 

the sweeping flanging effect of a landing airplane, for example. 

In order to confirm whether the vowel analogies could be perceived by non-guitarists, 

we conducted the following experiment. 

9.2.1 Experiment 

Nine French-speaking non-professional musicians and non-guitarist performers were asked 

to sing nonsense syllables that they deemed perceptually close to guitar tones, associating 

a consonant to the attack and a vowel to the release of the tone. To pro duce the stimuli, a 

professional guitarist was asked to play the same melody with different timbres. We selected 
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four variations of the performance which were described by the guitarist as ponticello, 

brassy, round and tasto. 

The main instrumental gesture parameter that was varied to obtain the different timbres 

was the plucking position (from very close to the bridge to over the finger board). The 

angle of the plucking finger also differed, positioned closer to a perpendicular to the strings 

for brighter timbres. This correlation between the two gesture parameters was necessary 

to preserve the naturalness of the plucking techniques. The ponticello timbre was played 

5 cm from the bridge with fingers perpendicular to the strings (thus a 90° angle between 

the fingers and the string). The brassy timbre was obtained by plucking the string 8 cm 

from the bridge with a 60° angle. The round timbre was obtained by plucking the string 

13 cm (close to the tone-hole) from the bridge with a 45° angle. The tasto timbre was 

obtained by plucking the string 20 cm for the bridge with a 30° angle. 

Fig.9.5 Time-domain representation of the 14 tones of a melody played with 
4 different timbres. The melody is an excerpt from the piece L'encouragement 
for two guitars by Fernando Sor (1778-1839). 

The participants were not disclosed any information about the way in which the tones 

were produced nor about the timbres that were intended by the guitarist. The excerpts were 
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Note Si3 Mi4 Sol#4 Mi4 Sol#4 Si4 Sol#4 
String 3 (Soh) 2 (Si3) 1 (Mi4) 2 (Si3) 1 (Mi4) 1 (Mi4) 1 (Mi4) 
Fret 4 5 4 5 4 7 4 

11
8 110 111 1

12 
1

13 
1

14 

Note Mi4 Mi4 La4 DO#5 Mi5 DO#5 Si4 
String 3 (Soh) 3 (So13) 2 (Si3) 1 (Mi4) 1 (Mi4) 1 (Mi4) 2 (Si3) 
Fret 9 9 10 9 12 9 12 

Table 9.2 Fingering for the 14 notes of the melody. The name of the note 
is given, together with the string on which the note is played (number and 
name) and the associated fret number. 
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presented in a random order. The participants were free to replay the excerpts themselves 

in any order they pleased and as often as they needed. Additional information was collected 

by means of free verbalization of the participants. 

9.2.2 Results 

Table 9.3 reports the syllables provided by the nine participants for the different timbres. 

Plosive consonants ([k], [g], [t], [d], [p], [b]) were associated with the attack portion of 

the guitar sounds, while nasal or oral vowels were associated with the release portion of 

the guitar tones. Sorne participants provided two syllables because they found that the 

Il Ponticello 1 Brassy 1 Round 1 Tasto 1 

Participant # 1 te tœ ta t0 
Participant # 2 te-ti d[e-êi] bêi bw5 
Participant # 3 ke pa d;) bêi 
Participant # 4 ke te-t5 t;) dêi 
Participant # 5 [k-t ]ai [d-p]aw da-d;) dêi 
Participant # 6 ke gœ t;) d0 
Participant # 7 de-ke t [êi-5] d5-t5 gu-du 
Participant # 8 kf tsêi-pêi d;)-tJ 85 
Participant # 9 kf te ta bu 

Table 9.3 Non-sense syllables chosen by the 9 participants for the 4 timbres. 
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timbres differed from note to note (example : [te-ti]). The other participants were able 

to determine a single syllable that would be most representative of the whole melody. In 

sorne cases, the consonant was hard to define and was said to be "between a [k] and a [t]", 

for example. They are notated between square brackets in the table (e.g. [k-t]). Similarly, 

intermediate vowels were provided, such as a nasal vowel between [e] and [a], notated [e-a] 

in the table2 . 

• For the ponticello timbre (p = 5 cm from the bridge), most participants noted a 

strong nasal quality of the tones and chose the French nasal vowel [e]. The consonant 

[k] seemed to evoke the metallic quality of the attack. 

• For the brassy timbre (p = 8 cm from the bridge), the tone was described nasal 

but not as nasal as for the ponticello timbre. The chosen vowel was also more open 

(French nasal vowels [a] or [œ], or English diphthong [aw]). The consonant [t] was 

chosen most often for the attack. Therefore, as the plucking point moves away from 

the bridge, the vowel becomes less nasal and opens up. 

• For the round timbre (p = 13 cm from the bridge), the tones seemed to be perceived 

as oral and rounder vowels ([ Q], [J]). The consonant [d] was most often associated 

with the softer attack of the tones. 

• For the tasto timbre (p = 20 cm from the bridge), all participants noted the hollow 

and closed quality of the tones, referring to the vowel [u]. While making the vowel 

sounds with their mouth, sorne participants mentioned that they felt they had to 

create a large space inside their mouth and close the lips. For the attack, softer 

consonants [b] and [d] were often chosen as well as the English consonant [9], evoking 

the sound of the friction of the finger against the string. 

The results of this experiment support the analogies that were found at the spectrum 

level. Considering the harmonie portion of the guitar tones (i.e. the decay), the tones are 

perceived more ACUTE and more NASAL when plucked very close to the bridge. At the 

other extreme, closer to the middle of the string, the tones are perceived more CLOSED. In 

the normal position, the tones are perceived ROUND and OPEN. 

2The IPA symbols for the French nasal vowels are [i:] as in 'vin', [œ] as in 'brun', [à] as in 'blanc' and 
[5] as in 'bon'. 
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With regards to the attack portion of the guitar tones, the further away from the bridge 

the string is plucked, the softer the attack is perceived. From harder to softer, the unvoiced 

consonants are [k - t - p] and the voiced consonants are [9 - d - b - e]. 

9.2.3 Voiced legato and unvoiced staccato 

In the case of an unvoiced (surd) plosive consonant, the vocal tone is broken and a noise is 

inserted; in the case of a voiced (sonant) plosive consonant, there is no interruption in the 

vocal folds' periodic excitation, especially when singing. For example, singing [pa-pa-ti-pa

pa-ta] sounds less legato then [ba-ba-di-ba-ba-da]. Applying this principle to a melodic line 

played on the guitar, a given attack might be perceived "unvoiced"in a staccato passage 

and "voiced" in a legato passage. In order to verify this, we asked our collaborator guitarist 

Peter McCutcheon to vocalize a guitar line staccato and then legato. As expected, he used 

[t] in the first case (singing [ta-ta-ti-ta-taJ) and [d] is the second (singing [da-da-di-da-daJ). 

I pointed out to him that he had changed the consonant. He was convinced he did not. 

He repeated the exercise in a more attentive state of mind and realized his different uses 

of the two consonants. 

Scripture [127] reports a similar st ory. In studying sorne records by the tenor Caruso, 

he found that the singer frequently kept his vocal folds vibrating during sounds like [t] 

and [k]. This was done unconsciously; Scripture relates that Caruso was incredulous and 

indignant when the peculiarity was pointed out to him, yet the general effect of his singing 

was smoother on account of the peculiarity. Scripture suggests that it is often not only 

easier but also more pleasant to voice consonants between vowels: "The expression 'aha' 

with a voiced 'h' is the milder and more agreeable word; 'aha' with the unvoiced 'h' is an 

expression with more vigour, aggressiveness, and unpleasantness" [127] (p. 7). 

Vennard agrees with the function of the noises in the vocal tone. He considers that legato 

singing is perceived as mild and agreeable. To add vigour, aggressiveness or unpleasantness 

to singing, the speech noises should be exaggerated into noticeable interruptions [147]. 

In the results of the experiment reported in Table 9.3, we noted that voiced plosive 

consonants were consistently chosen for the tasto timbre (the only exception is participant 

# 1 who focused his attention only on vowels and chose [t] for the four timbres). In fact, 

for the tasto timbre, the melody was played particularly legato. 

From this we learned that when studying instrumental timbre perception, it is not suffi-
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cient to investigate the characteristics of individual tones. Articulation plays an important 

role in the way a timbre is perceived and interpreted. It is interesting to note that a similar 

observation has long been made in the domain of speech processing. 
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Chapter 10 

Comparing Music and Language 

Elementary U nits 

De la musique avant toute chose, 

Et pour cela préfère l'Impair 

Plus vague et plus soluble dans l'air, 

Sans rien en lui qui pèse ou qui pose. 

1/ faut aussi que tu n'ailles point 

Choisir tes mots sans quelque méprise: 

Rien de plus cher que la chanson grise 

Où l'Indécis au Précis se joint. 

C'est des beaux yeux derrière des voiles, 

C'est le grand jour tremblant de midi, 

C'est, par un ciel d'automne attiédi, 

Le bleu fouillis des claires étoiles! 

Car nous voulons la Nuance encor, 

Pas la Couleur, rien que la nuance! 

Oh ! la nuance seule fiance 

Le rêve au rêve et la flûte au cor! 

[. .. ] 

Paul Verlaine. 

(from Art Poétique) 
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Motivated by the analogies found between vocal sounds and musical instrumental tones, 

we reconsider, in this chapter, the comparison between phoneme units and scale units as 

expressed by different authors and then shift to a more acousticaUy founded comparison 

between phonemes - the sounds of a language - and what we caU sonemes - the sounds of 

a musical performance. 
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10.1 Phoneme vs note 

10.1.1 Comparison based on functional value 

Phonemes are a set of universally accepted and understood symbols used to describe the 

sounds of a language as it is spoken. Phonemes transcribe the timbraI features of a language, 

but not the pitch, the dynamics, the duration nor the speed of articulation. 

The notes on a score indicate the pitch and duration of the sounds the performer must 

play. Scores generally include dynamics as weIl. In Western instrumental music, timbraI 

features are rarely notated. 

Springer [155] states that, in both phoneme systems and scale systems, "each [ ... ] con

stituent [member] derives its functional value from its relationship to aIl other members.". 

From there, Youngblood suggests that the equivalent of a phoneme unit in music would 

be a scale unit. He draws the parallel between pitch classes and phonemic classes. This 

anal ogy is based on the fact that phonemes and pitches both are discrete units of their 

respective systems, and both have relative functional value. This is a very limited and 

traditional Western view of language, in which the prosodic information is attributed a 

small importance; and of music, in which timbre is repeatedly dismissed as a secondary 

parameter. 

From an acoustical point of view, a phoneme unit ought to correspond to an aspect 

of timbre rather than to an aspect of melody. Different vowels can be produced with a 

given pit ch as instrumental timbre can be varied with a given pitch. The pitch contour of 

a melody finds its speech counterpart in the form of an intonation contour. 

10.1.2 Phonemes and notes as they are heard 

Other parallels between phonemes and notes have been established. Nattiez [150] describes 

the phoneme as a "discretized" unit of language and the note as a "discretized" unit of 

music. They are "discretized" rather than dis crete units, since a phoneme removed from 

its context has little meaning on its own, just as a note has little meaning when removed 

from its piece of music [148]. Here, Nattiez considers the note "as it is heard" and not as 

it is notated on a score (i.e. reduced to its pitch and duration values). 

Wishart's view is that "the melodic stream is pitch-disjunct and may be articulated 

by timbraI colouration. [And that the] language stream is timbre-disjunct and may be 
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articulated by pitch inflections" [156]. 

These two approaches deal with the sonic relationships between the phoneme, as the 

"discretized" unit of language, and the note, as the "discretized" unit of music [148]. This 

implies a continuum of articulated sounds or utterances in which language and music exist 

as they are heard [148]. This continuum is illustrated on Fig. 10.1. 

Levman indirectly supports this ide a in his discussion on the origins of music and lan

guage where he states that the differences between the performance of music and language 

are of degree, not of kind. Pitch, dynamics, duration and speed of articulation are aIl used 

in speech and in music, but their gamut is wider in music [149] (pp. 151-152). Music may 

have evolved out of language and songs would then be exaggerated speech. It is also possi

ble that music and language developed from the same 'proto-faculty', and that as language 

became more expressive of ideas rather than of feelings, accent decreased as consonant al 

articulation increased [149] (pp. 147-149). 

ALLSOUNDS 

Articulated sounds 

Notes 

Language Music 

Fig. 10.1 Elementary units of language and music in the continuum of an 
sounds [148]. 

We would like to propose a refinement of this parallel between music and language 

elementary units. This refinement is instigated by the following observation: the phoneme 

symbol only transmits timbraI information and the note symbol only indicates pit ch and 

duration. If music is considered as it is heard, the term "note" leads to confusion. To' 

remediate this, we propose the term soneme which specifically refers to the timbraI features 

of the elementary units of music. This term is inspired from a terminology proposed by 

Vecchione further described in section 10.2. 
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10.1.3 Phonemes and notes as they are produced 

Speech and music may also be compared from a purely acoustical point of view, as does 

Wolf in a recent article [157]. 

Acoustical f'e~ltllre Music Speech 

Fundamental frequency pitch component of melody pitch componellt of prosody 
(when quasi periodic) categorised not categorised 

notated not notated 
precision possible variability common 

Temporal regularities rhythmic compoflcflt of melad)' rhythmic componcnt of prosod)' 
élnd quantisalion on a categorised not categorised 
longer time scale notated not Ilotated 

precision possible variability commoll 

Short silences articulation parts of plosive phonemes 
sometimcs notated implicitly notated 

Steady fonnants cornponenls of instrumental timbre componenfs of sustained phonemes 
not notated notated 
not categorised categorised 

Varying formants not widely used components of plosil'c pllOnemes 
- categorised 

notated 

Transient spectral details componcllts of timbre compollcnts of consonants 
Ilot categorised categorised 
sometÎmes notated Ilotated 

Fig. 10.2 Sorne acoustical features of music and speech signaIs [157]. 

In the table he compiled (Fig. 10.2), music and speech are compared on the basis of 

acoustical features such as fundamental frequency, temporal regularities, short silences, 

steady formants, varying formants, transient spectral details. Wolf indicates, for ex am

pIe, that steady formants are components of sustained phonemes, which are notated and 

categorized, and of instrumental timbre, which are neither notated nor categorized. 

As described in Chapter 3, notation systems have been developed for plucking positions 

and plucking techniques. Western systems, such as Company's system, propose indirect 

notations of timbres since only the techniques to achieve these timbres are notated. In the 

notation system for the Chinese lute, symbols which are pronounced as one-syllable sounds 

(such as "Kou") remind the performer as to how a particular timbre is produced, just as 
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the symbol "a" reminds the reader about how to pronounce the speech sound (open and 

round mouth, low tongue, etc.) 

The table also indicates that "Varying formants", which are components of plosive 

phonemes in speech, are not widely used in music. In light of the listening test reported 

in Chapter 9 where participants spontaneously associated [b], [k] and other plosives to the 

attack portion of guitar tones, we can say that the attack of plucked-string tones plays the 

role of plosive phonemes, although no varying formants are involved. This suggests that 

it is limiting to compare speech and music solely on the basis of their acoustical features. 

Rather than a production-oriented perspective, we propose to adopt a perceptual point of 

view. Though acoustical analogies between instrumental sounds and speech sounds are not 

systematic, they sufficiently enable instrumental music to give the illusion of speech. 

10.2 Sonetics and sonemzcs 

10.2.1 Definition 

The musicologist Bernard Vecchione proposes to draw systematic parallels between the 

disciplines studying speech and music. While phonetics and phonemics examine the nature 

and the function of speech sounds, sonetics and sonemics would be the disciplines devoted 

to the study of the musical sounds. 

According to Vecchione, sonetics is a subdomain of computer research applied to music 

and acoustics that is devoted to sound analysis and synthesis models, to the study of per

ceptive functions involved in music listening, and to the characteristics of sound-producing 

gestures [163]. Vecchione specifies that the studies forming the backbone of this discipline 

aim to: 

• analyse the acoustical signaIs of musical performance, 

• establish precise relations between acoustical signaIs and characteristics of the signal

producing gesture, 

• identify regular associations between certain types of acoustical signaIs and perceptual 

dimensions of timbre. 

By analogy with the distinction between phonetics (the scientific study of the sounds 

of language and of the spoken communication pro cess ) and phonemics (the study of the 
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function of phonemes in a given language), sonemzcs can be defined as the science of 

the functional classification of acoustical units related to either gesture (production) or 

reception. Because acoustically different units can be perceived as equivalent in their 

meaning or function, the two disciplines are complementary. Sonetics studies music in 

its acoustical, psychoacoustical and gestural reality and sonemics studies the cognitive 

activities involved in the production and reception of music [162]. 

10.2.2 Overlooked: the prosody of language and the sonemes of music 

Speaking is a common activity in which all people participate. Since speech conveys infor

mation, the precision of its constituents is crucial. For speech sounds, correlations between 

perceptive features and articulatory features have been established for a long time. How

ever, the study of prosody and paralanguage (the music of language) in general has been 

attributed much less attention. 

Since music performance is a very specialized activity (only a fraction of a population 

learn how to play an instrument), its scientific study has generated a much smaller body 

of research, in comparison with the field of linguistics. 

The study of the control of timbre by professional musicians is even more specialized. At 

a beginner level, the musician is only concerned with producing tones with in correct pitch 

and rhythm. It is only with further musical training that the musician becomes concerned 

with refining articulation to achieve subtle variations in timbre. 

While the acoustics of musical instruments and psychoacoustics are well-established 

fields (whose research is reported not only in scientific articles and papers but also in books), 

the scientific study of how a performer manipulates an instrument to obtain particular 

timbres ~ what Vecchione calls sonetics ~ has not yet been established as a separate field, 

though it bridges the knowledge between acoustics and psychoacoutics. 

10.3 Drawing parallels between speech and instrumental music 

Here are the parallels we propose to draw between the elementary units of speech and 

music, as well as the disciplines dedicated to their study. 

The first section of Table 10.1 presents disciplines studying aspects of speech and music . 

• Anatomy (from Greek anatomê, "dissection") is the scientific study of the shape, 
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1 SPEECH 1 INSTRUMENTAL MUSIC 

anatomy organology 
physiology mechanics / acoustics 
phonetics (articulatory, acoustic, audit ory ) sonetics (gestural, acoustic, auditory) 
phonemics (or phonology) sonemics (or sonology) 
phoneme soneme 
phone sone 
allophone allosone 
diphone disone 
consonant attack, transient 
vowel (harmonic) sustain or release 
prosody pitch contour and rhythm 
text score 
phonemic system sonemic system 

Table 10.1 Parallels between disciplines studying aspects of speech and mu
sic, between elementary units, modulation and notation of speech and music. 

the disposition and the structure of organs. 

153 

• Organology (from Greek organon, meaning a "tool" or "instrument" used in sorne 

activity or trade) is the study of musical instruments. It embraces study of in

struments' history, instruments used in different cultures, technical aspects of how 

instruments pro duce sound, and musical instrument classification. 

• Physiology is the scientific study of the normal functionning of a living organism or 

of its parts. 

• Acoustics (from Greek akouein, "to hear") is a subfield of mechanics studying 

sounds. 

• Phonetics is the scientific study of the sounds of language and of the spoken com

munication process. Phoneticists are more concerned with the sounds of speech than 

the symbols used to represent them. Phonetics has three main branches: 

articulatory phonetics is concerned with the positions and movements of the 

lips, tongue, and other speech organs in producing speech; 
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- acoustic phonetics is concerned with the acoustic properties of the speech 

sound; 

- audit ory phonetics is concerned with speech perception. 

• Sonetics is the study of music in its gestural, acoustical and psychoacoustical reality: 

articulatory sonetics is concerned with the relations between acoustical signaIs 

and characteristics of the signal-producing gesture; 

- acoustic sonetics is concerned with the acoustic properties of the musical 

sound; 

- auditory sonetics is concerned with timbre perception. 

• Phonemics (or phonology) is the study of the function of phonemes in a gIven 

language and the opposition and contrasting relations in the system formed by the 

sounds of this language. 

• Sonemics (or sonology) is the science of functional classification of acoustical uni ts 

related to either gesture (production) or reception. 

The second and third sections of Table 10.1 present the elementary units of speech and 

musIc. 

• Phoneme (from Greek phônê, "voice"): the continuum of aIl observed speech sounds 

in a language reduces to a relatively small number of functional contrasts or phonemic 

classes, called phonemes. Every phoneme contrasts with every other phoneme. Every 

speech sound is a member of one (and only one) phonemic class. As a class, it do es not 

exist but it is the set of aIl the sounds that it represents. Together aIl the phonemes 

include every sound heard in the language. Each phoneme within a phonemic system 

has its own symbol. The same symbol will not necessarily me an the same thing from 

language to language, but its significance in each language will be carefully explained. 

Sorne languages reveal relatively few phonemes, while others use up to sixty. Most of 

the languages that have been analyzed employ about thirty-five phonemes. 

• Phones are the objects of study in phonetics; the phones are the actual speech sounds 

as uttered by human beings; only phones have an objective existence. 
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• Allophones are phonetically similar phones, that can be grouped in phonemic classes. 

The phonemes are the centres of classes of allophones; finding these centres is the pri

mary role of phonemics. Allophones of the same phoneme never contrast; they are 

always in complementary distribution or in free variation with one another. For ex

ample, p as in pin and p as in spin are allophones in the Engligh language. The 

symbol for a phoneme is the symbol for all its allophones. 

• Diphones are pairs of consecutive phones, such as [ba]. 

• Soneme (from Latin sonus, "sound"): sound element in a musical instrument "lan

guage". The soneme could be defined as an element in the palette of timbre nuances 

achievable on a given instrument, labelled with verbal descriptors such as round, dark, 

nasal, hollow, etc. 

• Sones are the objects of study in sonetics; the sones are the actual musical sounds 

as produced by performers; only the sones have an objective existence. 

• Allosones: on a given instrument, there 'can be more than one way to pro duce a 

sound that can be qualified as round, for example. The allosones would be aIl the 

possible instances of allosonic classes whose centres are sonemes. Furthermore, in the 

vocabulary used by musicians to describe timbre, there are many synonyms. This 

implies that the vocabulary may be reduced to a smaller number of functionally 

contrasting qualifiers. For example, radiant is a synonym of luminous, rich is a 

synonym of full-bodied and precise is a synonym of focused. 

• Disones are pairs of consecutive sones. For the case of most traditional instruments, 

the equivalent of a consonant is the transient (most often the attack) and the equiv

aIent of a vowel is the harmonie portion (sustain or release) of the instrumental 

sound. Guitar sounds are usually perceived as disones composed of a consonant-like 

sone followed by a vowel-like sone. 

Finally, from an acoustical point ofview, we could say that prosody is to language what 

melody (pitch and rhythm) is to music. In phonetics, prosodyl is the study of intonation, 

1 In music, the term has a different meaning: it is the study of the concordance rules between the accents 
of a text and the strong or weak accents of the music that accompanies the text. 
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accentuation, pitch and rhythm, pauses and duration of phonemes. While prosody is not 

notated, melody is notated in the form of a score. While written languages constitute 

sophisticated notation systems for spoken languages, there is no such standard notation 

system for instrumental timbre . 

• Text: a written language can be considered as a timbraI notation that represents the 

arbitrary collection of sounds the language has chosen to convey its meanings. In the 

case of Western languages, pitch is left to the discret ion of the speaker or reader. 

• Score: because musical instruments (especially in Western cultures) have been de

signed to excel in the pitch domain of music, a notation of instrumental music has 

developed to a high degree of sophistication in this area, together with duration and 

dynamics, and the timbraI quality regarded with secondary importance. 

10.4 Applications of a sonemic system 

10.4.1 Expression and meaning 

In order to be useful and meaningful, language as a "culturally tempered system of arbi

trary, recurrent, and structured sounds" seems to require a minimum amount of variety. 

The same may be said about the expressive language of a musical performance. In fact, 

the difference between a poor and a great guitar performer is that the poor performer is 

not "articulated enough" and is not able to "make the guitar sing" . 

10.4.2 Perceptive descriptions of sounds 

Before significant advances were made in physical anatomy and in knowledge of the work

ings of the body, descriptions of speech sounds were also perceptive: vowels were bright, 

closed, stuffy, etc. [158]. Then, articulatory phonetics developed as a complete discipline 

aiming to study speech sounds at their source. Rather than describing the vowel [u] as 

closed and dark, phonetical analysis identifies the articulatory parameters of the vowel: [u] 

is tongue high, tongue back, and lips rounded. 

Currently, in Western cultures, the description of instrumental timbre has not evolved 

beyond the use perceptive terms: timbres are round, dark, bright, velvety, etc. 
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10.4.3 Learning a language 

Once the phonemic system of a language has been deduced, it can be used in a number of 

ways. Knowledge of the phonemic system of a language can greatly facilitate the learning 

of that language (especially if it is not the mother tongue). 

Applied to the practice of a musical instrument, knowledge of the sonemic system of an 

instrumental language should facilitate the learning of that language. 

Guitarists use verbal descriptors to describe timbres (equivalent of diphones) but the 

vocabulary is sometimes too abstract, leading to misunderstandings between teachers and 

students, for example. Schneider proposes a guide for altering the timbre of a guitar tone 

rationally, as opposed to intuitively [30]. He calls it "The rational method of tone produc

tion". Schneider comments: "If the guitarist is aware of each of the timbraI parameters 

that define the tone and is able to relate these parameters to the mechanical pro cesses of 

the instrument and to his own actions, the player can change colors at will rather than by 

chance". Vennard also recommends an objective pedagogy: "A knowledge of the mech

anism is the foundation of an objective pedagogy, and a mastery of the technic is the 

prerequisite for artistic expression" [147] (p. 220). 

10.4.4 Orthography and notation 

The phonemic system of a language provides a basis for the development of an orthography 

for the language. Applied to music, the sonemic system of an instrumental language can 

provide a basis for the development of a notation for expressive timbre nuances. 

The American composer Henry Cowell noted with regrets the absence of such a system 

and its implication on the authentic reproduction of various repertoires: "Since there is 

no notation of tone-quality, a tradition has grown as to how the tone should be played 

in Chopin, Debussy, and others; but tradition is a vague thing and is subject to subtle 

alterations. Chopin and Debussy might be better performed if they had been able to write 

down the exact shades of tonal values they desired in their works" [159] (pp. 34-35). 

A few attempts to develop notation systems have been made. The composer Donald 

Martino [73] developed a symbolic notation system that uses phonetic models for differ

entiating the attacks of wind instruments, the instrumental technique borrowing from the 

vocal [30]. 
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10.4.5 Comparing languages 

The phonemic system of a language forms a basis for further analysis of the language on 

more complex levels; it forms a basis for comparing this language with other languages. 

The sonemic system of an instrumental language can form the basis for comparing this 

language with other instrumental languages. It would be particularly useful in orchestra

tion, when having to combine the timbres of different instruments of the orchestra. It could 

also be useful when comparing the timbres of different guitars varying in their structure 

and material. 

10.5 Parallels between guitar tones and speech sounds 

10.5.1 Interdependance between phones and sones 

In speech, phones are combined into diphones. Many combinations of phones are possible, 

such as a consonant followed by a vowel: [ba], [da], [ga] , [be], [de], [ge], ... With the guitar, 

a particular type of attack has an effect on the release part of the tone since it constitutes 

the excitation of the tone. Because of this constraint between the two sones of a guitar tone, 

the guitar is perceived as a voice that can only produce certain syllables. For example, if 

the attack is sharp as a [k], then the release is brighter, evoking a more acute vowel. 

10.5.2 Articulation in speech and guitar 

The same sound [t] may be produced by various arrangements of the articulators: the tip 

of the tongue may be placed anywhere from the point of the upper teeth to the soft palate, 

and the resulting voiceless stop will more or less resemble most people's concept of what 

an ideal [t] should sound like. 

Similarly, a whole set of gestures will achieve similar timbres and the playing technique 

employed to achieve one particular timbre might also vary among players according to their 

experience, the size and shape of their arms, hands and fingers, and the softnessjhardness 

of their nails For example, one cannot say that playing to the right (as recommended by 

Tarrega) is more favourable then p1aying to the 1eft (with the hand in the same axis as the 

forearm). 
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This chapter addresses the problem of extracting the plucking point information from 

a recording. This work is the continuation of the research l accomplished at the Center 

for Computer Research in Music and Acoustics, Stanford University, under the supervision 

of Prof. Julius O. Smith in partial fulfillment of an Engineer degree [48]. The results of 

this previous research project are summarized in section 11.3 in order to situate the new 

research within context. The new method proposed in this thesis for the estimation of the 

plucking position uses an iterative weighted least-square algorithm. 

11.1 Indirect acquisition of instrumental gesture parameters 

The indirect acquisition of an instrumental gesture parameter consists in capturing the 

characteristics of instrumental gesture by analyzing of the acoustical signal, namely from 

a recording [70]. This differs from the direct acquisition performed with sens ors on the 

instrument or on the performer. In recent years, there has been an important development 

of technologies related to sensors and gestural interfaces. For example, many musical 

instruments can be augmented with devices that can monitor the performer's actions (choice 

of keys, pressure applied to a mouthpiece, etc.) and turn it into MIDI information. 

Direct acquisition is clearly a simpler way to capture the physical features of a gesture, 

but it is potentially invasive and may ignore the interdependency of the different variables. 

For example, sens ors on a clarinet detect the air jet speed and the fingering but do not 

account for the coupling between the excitation and the resonator. As opposed to direct 

acquisition, indirect acquisition is based on the assumption that the performance param

eters can be extracted from the signal analysis of the sound produced by an instrument. 

The main difficulty of this task is to determine in the signal, the specifi'c acoustic signature 

of a particular performance parameter that has a perceivable influence on the sound. 

The data consists in the recording of musicians playing tones with specific gestures, 

attempting to vary one gesture parameter at a time. 

In the first stage of the analysis of the data, basic sound parameters are extracted 

from the acoustic signal through time- and frequency-domain analysis. These low-Ievel 

parameters include [74]: 

• the short-time energy (related to the dynamic profile of the signal), 
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Fig. 11.1 Direct vs indirect acquisition of instrumental gesture parameters. 

• the fundamental frequency (related to the sound melodic profile), 

• the spectral envelope (in particular, the location of the resonances in the spectrum), 

• the amplitudes, frequencies and phases of sound partials, and 

• the power spectral density. 

With the knowledge of physical mechanisms occuring in musical instruments, physical 

model parameters can be derived from the basic sound parameters. These parameters 

generally allow direct access to the instrumental gesture parameters. 

In our study of the guitar timbre, the impact of the variation of instrumental gesture 

parameters on the perceived timbre was described in Chapters 7 and 8. 

Although this study addresses issues related to the general problem of timbre recogni

tion, the approach that we propose for the analysis of instrumental timbre differs from the 

phenomenological approach taken in many timbre recognition systems described through

out literature [77, 82, 84]. Timbre recognition systems implementing neural networks or 

using Principal Component Analysis require a learning stage, meaning that a timbre can 
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Fig. 11.2 From acoustic signal to gestural information. 

only be identified and labelled after being compared to other typical examples of that 

timbre. Therefore, they do not make explicit the relationships between the physical phe

nomena, the performer's actions and the obtained timbre. Here, we rather propose to 

develop analysis tools that use the knowledge of the physical phenomenon occuring in the 

musical instrument and its effect on the acoustical signal, leading to an analytical model 

of the interaction between the performer and the instrument. 

11.2 Indirection acquisition of plucking position 

11.2.1 Effect of plucking position on magnitude spectrum 

Varying the plucking location greatly affects the spectrum of the sound, similar to the 

effect of a comb filter, which manifests itself by the presence of equally spaced attenuations 

(zeroes) in the spectral envelope [6]. 

As shown in Chapter 4, the amplitude Cy[n] of the nth mode of the displacement of 

an ideal vibrating string of length l plucked at a distance p from the bridge with an initial 
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vertical displacement h is given by : 

2h . 
Cy[n] = n2n2 R(l _ R) 1 sm(nn R) 1 

(11.1) 

where R = plZ is the relative plucking position, defined as the fraction of the string 

length from the point where the string was plucked to the bridge. 

In this context, since we are interested in the extraction of the parameter R, we will use 

the notation Cn(h, R) (rather than Cy[n]) which expresses the coefficient as a function of 

two parameters, the relative plucking position R and the height of the initial displacement 

h. 

w 
o 
CI 

1 

l ...................................................... 
l' .................. 

Fig. 11.3 Plucking point at distance p from the bridge and fingering point 
at distance l from the bridge on a guitar neck. 

11.2.2 Pratical limitations to the estimation of the plucking position 

In particular circumstances, the output from the string (force at the bridge) lacks the 

harmonies that have anode at the plucking point. A simple way of estimating the plucking 

point location along the string from a recording is to pinpoint the missing harmonies in the 

spectrum (Cn = 0). However, the string is not usually plucked exactly at a node of any of 

the lowest harmonies. Since the amplitude of the higher harmonies is considerably smaIler, 

it is not always possible to accurately detect the plucking point by sim ply searching for the 

missing harmonies in the magnitude spectrum. 

Fig. 11.4 illustrates how the spectral envelope is sampled to obtain the spectrum corre

sponding to a given relative plucking position R. On the left, R = 1/5, and the spectrum 

has zeroes (harmonies of order 5 and its integer multiples are cancelled). On the right, 

R = 0.234, and although the spectral envelope has zeroes, the sampling of the spectral 

envelope is such that the harmonies do not fall on those null frequencies. 
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Fig. 11.4 Ideal string spectra for R = 1/5 = 0.2 on the left and for R = 0.234 
on the right. In the first case (R is the inverse of an integer), sorne harmonies. 
are missing. In the second, the sampling of the spectral envelope is such that 
none of the harmonies are missing. 

Estimation of the plucking position from a recorded sound is an intrinsically difficult 

problem sinee a recorded tone can include contributions of several delays of approximately 

the same magnitude, such as early reflections from objects near the player, the fla or , the 

eeiling, or a wall. The guitar body can also induee significant filtering. Therefore, recordings 

conditions should be carefully set. 

Another practical problem may arise from the nonlinear properties of the string. More 

specifically, the amplitude of vibration of a weak harmonie can gain energy from other 

modes so that its amplitude begins to rise, reaching a maximum about 1000 ms after the 

attack, and then begins to decay [11]. This is often seen in the analysis through time of the 

harmonie envelopes of guitar tones. The non-linear properties of the string may result in a 

preference for a time-domain approach using, for example, the short-term auto correlation 

function. 

11.2.3 Review of plucking point estimation methods 

In [83], three analysis techniques were used to investigate four instrumental gesture param

et ers of the guitar (finger position along the string, inclination between finger and string, 

inclination between hand and string, and degree of relaxation of plucking finger). Among 
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these analysis techniques, Principal Component Analysis is used to verify that each of the 

instrumental gesture parameters induces significant changes in the cepstral envelope. How

ever, it is not clear whether this methodology constitutes an indirect acquisition system 

since the four sets of guitar tones were analyzed separately. 

A time-domain approach for estimating the plucking point is proposed by Valimaki & 

Penttinen in [43]. It is not an indirect acquisition system per se since it uses an under

saddle pickup. The algorithm is based on investigating the time lag between two consecutive 

pulses arriving at the bridge of the guitar. The method determines the minimum of the 

auto correlation function for one period of the signal. 

A frequency-domain approach is proposed by Bradley & al. in [33]. The plucking 

position is determined from the data by finding the value of the relative plucking position 

R that minimizes the absolute value of the error between the ideal string spectrum and the 

sam pIed-data spectrum. An improved implementation of the method suggested by Bradley 

& al. is reported in [48] (Engineer thesis of the author at CCRMA) and [49]. A summary 

of the results of this research is presented in the next section. 

11.3 A frequency-domain method for extracting plucking 

position 

11.3.1 Description of the method 

Fig. 11.5 summarizes our implementation (reported in [48]) of the method proposed by 

Bradley & al. in [33]. Our implementation includes supplementary units that render 

possible the automatic processing of the audio recording of a performance. Here is the 

description of the function of the different units. 

Attack Detection: The energy for successive blocks of 512 samples is calculated while an 

increase of the energy by a factor of 2 turns on a flag. If the energy increases by a factor of 

2 two or more times in a row, successive alarms have to be eliminated. After the beginning 

of each tone is identified, a section of the sampled waveform is chosen for analysis. The 

starting sample of the section is chosen at approximately Ij8th of the distance in samples 

between two attacks. This roughly corresponds to the beginning of the stationary part of 

the sound. 
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Fig. 11.5 Block-diagram for estimation of the plucking point [48]. 

Fourier Analysis: The speetrum is generated by windowing the waveform and perform

ing a longer Fast Fourier Transform (the number of bins ehosen so that two overtone peaks 

in the speetrum will not overlap). 212 (4096) samples from the sound file are extraeted from 

the middle of the tone (after the attaek), starting at the index provided by the Attack 

detection unit. The sound portion is windowed with a Hamming window then the FFT 

is eomputed with a zeropadding faetor of 6 and a parabolie interpolation. 

Pitch Detection: The fundamental frequeney is determined by finding the first maxi

mum in the autoeorrelation funetion (oeeuring at the fundamental period) [64]. 

Peak Detection: In this unit, the harmonies are identified. With the piteh value deter

mined by the Pitch Detection unit, we look for a maximum in narrow intervals around 

integer multiples of the fundamental frequeney (Fig. 11.6). 

Plucking point estimation: The plueking position is determined from the data by 

finding the value of the relative plueking position R that minimizes the absolute value of 

the error between the ideal string speetrum and the sampled-data spectrum, as expressed 

by Eq. (11.2), where Hn is the measured set of sampled string harmonie information. 

(11.2) 

An error surface for various values of R is eonstrueted by evaluating the error eriterion 

c for various values of R; the minimum of the error indieates an estimation of the plueking 
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Fig. 11.6 Spectrum and peak detection. 

position, as illustrated on Fig. 11.7. 
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Fig. 11.7 Error surface for various values of relative plucking position. The 
minimum of the error is chosen as the plucking position. The horizontal axis 
on this graph is the inverse of the relative plucking position (K, = 1/ R). For 
example, if the string is plucked at a third of its length, K, = 3 [48]. 

11.3.2 Results 

169 

Fig. 11.8 displays the results of the analysis for four plucking positions from the bridge (12, 

13, 14 and 15 cm). The estimations are 12.2, 13.1, 14.5 and 14.6 cm respectively. On the 

figures, the left window shows the Fourier analysis of a 4096-sample portion of the sound 

with peak detection indicated by circles. The central window shows the error curves for 
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Fig. 11.8 Plucking position estimation for tones played on the open D-string 
of a classical guitar with plucking position from the bridge = 12, 13, 14 and 
15 cm [48]. 
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various values of the absolute plucking position p ranging from 1 to 20 cm. The minimum 

is indicated by a circle and the corresponding p value is displayed. The right window is the 

comparative display of the detected peaks (0) and of the ideal string spectrum (*) based 

on the intended plucking position. 
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Fig. 11.9 Plot summarizing the results for 18 plucks on open D- and A
strings of the classical guitar [48]. 

Fig. 11.9 summarizes the results obtained for the 18 plucking points on the open A

string and open D-string. The graph displays the estimated distance versus the measured 

distance on the string wh en the tone was played. The margin of error was less than 1 cm. 

Although this method presents a satisfying accuracy, it is computationally heavy since 

a large number of theoretical spectra have to be calculated and compared to the observed 

spectrum. Moreover, this method implies a quantification of the plucking position value, 

leading to rounding errors. The new method presented in the next section is more direct 
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and computationally efficient. 

11.3.3 Information on sound data base 

The recorded tones examined were played with a triangular shaped plastic pick, 0.88 mm 

in thickness, on a plywood classical guitar strung with nylon and nylon-wrapped steel 

Alvarez strings. The intended plucking locations were precisely measured and indicated 

on the string with a marker. The tones were recorded with a Shure KSM32 microphone 

in a sound-deadened room, onto digital audio tape at 44.1 kHz, 16 bits. The microphone 

was placed in front of the sound hole, approximately 25 cm away; at this distance, a 

combination of waves emanating from different parts of the string is captured, thereby 

limiting the filtering effect of the pickup point. 

Il.4 Extraction of the excitation point location on a string using 

weighted least-square estimation 

This section describes a new method for estimating plucking point location. Starting from 

a measure related to the autocorrelation of the signal as a first approximation, a weighted 

least-square estimation is used to refine the comb filter delay value to better fit the measured 

spectral envelope. The general procedure is illustrated in Fig. 11.10. 

1 Signall 
Flmdamental 

~ 
Amplitude of 

frequency hmmonics 

Autocorrelalio!1 - Fast Fourier Trans/orm 
- Pisarenko Ha11l1Onic 

Decamposition (PHD) 

Spectral Plucking 
envelope position 

- Log -correlation 
- Iterative least-

square estimation 

Fig. 11.10 Block-diagram of general procedure from the acoustic signal to 
the plucking position. 

For determining the magnitude of the harmonies, Pisarenko Harmonie Decomposition 

(PHD) was implemented and compared to Fast Fourier Transform (FFT). This work is 

reported in [51]. The PHD algorithm was too sensitive to the nature of the background 

noise (this algorithm works best when the noise is white). Hence, since the PHD algorithm 

was not more accurate, the FFT was used for the method described in this section. 
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11.4.1 First approximation for R from Log-Correlation 

The autocorrelation function a( T) of a periodic signal x( t) with fundamental period Ta can 

be expressed in terms of its Fourier series magnitude coefficients Cn in the following way 

(see Appendix A for details): 

1 00 (2) a(T) = C~ + - I: C; cos ~nT 
2 Ta 

n=l 

(11.3) 

While the long-term features of the auto correlation function are very useful for esti

mating the fundamental frequency of a periodic signal (since it shows a maximum at a lag 

corresponding to the fundamental period Ta), its short-term evolution reveals information 

about the plucking position. 
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Fig. 11.11 Autocorrelation graphs for 12 guitar tones plucked at distances 
from the bridge ranging from 4 cm to 17 cm. 

Fig. 11.11 displays the plots of the auto correlation function calculated for 12 recorded 
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guitar tones plucked at various distances from the bridge on an open A-string (fundamental 

frequency = 110 Hz). As expected, the graphs show a maximum around 1/110 = 0.009 

seconds, the fundamental lag of the autocorrelation. One can also see that the autocorre

lation takes different shapes for different plucking positions, but the information about the 

comb filter delay can not be extracted directly from these graphs. In order to detect the 

low amplitude harmonies, we modify the structure of the autocorrelation function by tak

ing the log of the square of the Fourier coefficients (and by dropping the De component). 

This emphasizes the contribution of low amplitude harmonies (around the valleys in the 

comb filter frequency response) by introducing large negative weighting coefficients. The 

obtained log-correlation is expressed as follows: 

(11.4) 

Fig. 11.12 displays the log-correlation graphs for the same 12 recorded guitar tones 

(as for Fig. 11.11). As expected, the log-correlation plots reveal an interesting pattern: 

the global minimum appears around the location of the lag corresponding to the pluck

ing position. Therefore, it can be concluded that the relative plucking position can be 

approximated by the ratio 

(11.5) 

where T min is the lag corresponding to the global minimum in the first half of the log

correlation period, and Ta is the lag corresponding to the fundamental period Ta, as illus

trated on Fig. 11.13. 

11.4.2 First approximation for h 

A first approximation ho for the vertical displacement h is also needed in order to initialize 

the weighted least-square procedure. ho can be determined from the first approximation Ra 

of R and the total power ofthe harmonie components in the observed spectrum 2:nElw c;" 

(11.6) 

l w refers to the set of harmonies that are given a significant weight in the second stage 
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Fig. 11.12 Log-correlation graphs for 12 guitar tones plucked at distances 
from the bridge ranging from 4 cm ta 17 cm. 

of the approximation (as described in the next section). 
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11.4.3 Iterative refinement of R value using weighted least-square estimation 

The second stage of the estimation consists in finding the values of h and R that minimize 

the distance between the theoretical expression of the ideal string magnitude spectrum 

ên(h, R)l (Eq. 11.1) and its observation Cn(h, R) in the least-square sense [61]. 

As illustrated on Fig. 11.14, rather than using the magnitude coefficient ên (whose phase 

is 0 or 7r), we use the power coefficients ê~ for which it is not necessary to recover the phase. 

ê~(h, R) is proportional to h2 and sin2 (n7rR) and is therefore a non linear expression in 

terms of h et R. A least-square estimation technique can still be employed after linearizing 

lên is considered here to be a model of the amplitude, hence the hat n while C n represents measured 
values or observed values. 
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Fig. 11.13 Log-correlation for a guitar tone plucked 12 cm from the bridge 
on a 58 cm open A-string. Ratio Tmin provides a first approximation for 

T o 
relative plucking position R. 

ê~(h, R) with a first order Taylor's series approximation about a first approximation Ro of 

R and ho of the height h of the string displacement. It leads to an expression of 

(11. 7) 

as a linear combination of the two correcting values 6.h = h - ho and 6.R = R - Ro. The 

first order Taylor's series for the different factors included in Eq. (11.7) are 

~ = ~ (1 _ 26.R) 
R2 R2 R o 0 

1 1 ( 26.R ) 
(1 - R)2 = (1 - Ro? 1 + 1 - Ro 

sin2(mrR) = sin2(mrRo) + mrsin(2mrRo)6.R 

h2 = h~ + 2ho6.h 

By multiplying Eq. (11.8) and (11.9), we obtain the expression for the product 

1 1 
- X 
R2 (1 - R)2 

(11.8) 

(11.9) 

(11.10) 

(11.11) 
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Fig. 11.14 Estimation of spectral envelope in two stages. ê~(ha, Ra) is 
a first approximation. ê~(h, R) is a better approximation of the spectral 
envelope based on an iterative weighted least-square estimation. 
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after dropping the second order term in (tlR)2. By multiplying this last expression by 

Eq. (11.11) results in 

after dropping the second order term in tlRtlh. Finally, by multiplying this last expression 

by Eq. (11.10), we obtain the linearized expression (omitting a 2/7r2 factor): 

(11.12) 
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where 

Let the difference between the estimated power spectrum nth coefficient and its first ap

proximation be 

(11.13) 

and the difference between the measured power spectrum nth coefficient and the first 

approximation be 

(11.14) 

Eq. 11.12 can be expressed as 

(11.15) 

which becomes, by grouping the N equations (11.15) for n = 1, ... , N, the linear system in 

matrix form: 

Y=AX (11.16) 

Since A is a N x 2 matrix, the solution to Eq. (11.16) can be obtained using pseudo-inverse 

or, for better results, its weighted version 

where W is a (N x N) diagonal matrix containing the weights for the least-square errors. 
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The weighting function can be used to select particular ranges of frequencies or to reject 

components that are known for deviating from the theoretical comb fiIter model (near 

resonant frequencies of the guitar body, for example). A good weighting curve is one that 

combines a be11 curve and a positive sloped ramp. The be11 curve increases the contribution 

of the components in the va11eys of the spectrum and the ramp gives more weight to higher 

order - weaker harmonics - over the whole range of the spectrum. 

Fina11y, the correcting values for h and Rare obtained with 

[~~ 1 ~ IWWA)-lA'W]. y 

minimizing the distance between the model and the observation IIY - YII in a least-square 

sense. Then, the two parameters Rand h are iteratively refined using ho + llh and Ro + llR 

as second approximations and so forth. 

Between 3 to 10 iterations are genera11y needed to converge with a criterion error 

é = 1 Rk ~~k-l 1 < 0.001. 

As expected, the number of iterations decreases with the accuracy of the first approxi

mation. If the first approximation is very rough (é é::':: 0.5), the number of iterations can 

increase to about 40, but the algorithm still converges to the right value of R (and h). 

Fig. 11.15 displays the plots of the power spectrum of the 12 guitar tones together 

with the profile of the comb fiIter before and after iterative refinement. Fig. 11.16 displays 

the graph of the estimated plucking position ft vs the actual distance from the bridge 

p in centimeters for the 12 guitar tones. The diagonal line indicates the target of the 

estimation (the actual value). The upper window displays a first approximation (obtained 

with log-correlation for example). The lower window shows the improvement achieved after 

the refinement of R value using weigthed least-square estimation. For this data set, the 

average error is 0.78 cm for the first approximation and then is reduced to 0.18 cm after 

refinement. 
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11.4.4 Conclusion 

We have proposed an efficient method for the extraction of the excitation point location on 

a guitar string from a recording. It is based on the assumption that the power spectrum 

of a plucked string tone is comb-filter shaped. 

The theoretical expression giving a ideal string magnitude spectrum is proportional to 

sin( mr R) and is therefore non linear. This equation can be linearized with a first order 

Taylor's series approximation about a first approximation of R and of the height of the 

string displacement h. These two parameters are then refined iteratively with a least

square estimation technique. 

To obtain the first approximation for R, we propose a measure derived from the ampli

tudes of partials extracted through standard short-time Fourier transform. This measure is 

a variation on the auto correlation function for periodic signaIs which consists in the sum of 

co sine functions weighed by the log of the square of the Fourier coefficients. We have dis

cussed the properties of this "log-correlation" that emphasizes the minima in the spectral 

envelope and exhibits a minimum at a lag Tmin that provides an estimation of the relative 

plucking point R by taking the ratio of the minimum lag Tmin over the fundamentallag Ta. 

Many applications can benefit from the algorithm, especially in the context of automatic 

tablature generation and sound synthesis (extraction of control parameters). This technique 

can also be used to derive the value of the delay of any kind of comb filter from the spectral 

peak parameters. 
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Fig. 11.15 Power spectra of 12 recorded guitar tones with superimposed 
comb filter model. First approximation plotted with a dark dashed line and 
final estimation plotted with a light grey line. 
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Fig. 11.16 Estimated vs actual plucking distances before (top window) and 
after (bottom window) refinement of p value using iterative weighted least
square estimation. 
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12.1 Conclusion 

12.1.1 Different points of view 

The classical guitar is an instrument that offers to the skilled performer a vast array of 

timbraI variations. In this thesis, the instrument's timbre was investigated from different 

perspectives. 

From the point of view of the instrument, we identified the static control parameters 

of timbre, relating to the structural components of the guitar. From the point of view 

of the performer, we identified the dynamic control parameters of timbre, relating to the 

gestures applied by the performer on the instrument. For example, by varying the plucking 

position along the string, the guitarist can control the parameters of the guitar tones' 

spectral envelope, and modify the perceived timbre. From the point of view of the listener, 

we explored the rich vocabulary used by guitarists to describe the brightness, the colour, 

the shape and the texture of the sounds they pro duce on their instruments. Dark, bright, 

chocolatey, transparent, muddy, wooly, glassy, buttery, and metallic are just a few of the 

timbre descriptors that we collected from questionnaires submitted to 22 guitarists. The 

acoustical basis of this vocabulary was investigated. 

12.1.2 Different sources and methodologies 

The different points of view called for various sources of information and methodologies. 

From physics to signal processing 

Since the plucking position is an important parameter of the plucking gesture, a particu

lar attention was attributed to the shape of the spectral envelope induced by this parameter. 

Starting from the plucked string physical model (obtained from the tranverse wave equa

tion), we derived a digital signal interpretation of the plucking effect which is a comb filter 

with delay D = RI Jo (relative plucking position over fundamental frequency of the string). 

From signal processing to speech perception 

Since the vocal quality of the guitar has been remarked upon so often, we searched for 

formants in the spectral envelope of guitar tones and found what we propose to call "comb 
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filter formants", centred at frequencies similar to typical vocal formant frequencies. The 

peculiarity of comb filter formants is that they are odd-numbered (F2 = 3F1 , F3 = 5F1 , 

etc.) Sorne vowels show similar patterns in their magnitude spectrum since the vocal tract 

is, in first approximation, a tube closed at one end that also favours odd-numbered resonant 

frequencies. This signifies that vowels and guitar tones are characterized by similar acoustic 

signatures, although the systems that pro duce them are structurally different. Previous 

attempts of locating formants within the instrument's body (the resonator) failed. From 

this, we learned that in order to establish perceptual analogies between vowel sounds and 

guitar sounds, it suffices to find similarities between the acoustical signatures of the sounds, 

regardless of their cause. 

From speech perception to phonetics and singing pedagogy 

While investigating verbal timbre descriptors commonly used by guitarists, we discovered 

that sorne of them refer to phonetic gestures: open, oval, round, thin, closed, nasal, hollow, 

etc. For example, when guitarists describe a guitar sound as round, it would signify that it 

sounds like a vowel produced with a round-shaped mouth, such as the vowel [J]. In fact, the 

location of the comb filter formants along the frequency axis for a normal plucking position 

is similar to the location of the formants of a subset of vowels. 

Linguists have defined distinctive features of speech such as openness, acuteness and 

laxness. For example, the vowel ri] is acute and tense; singers would qualify it as "pointed". 

The vowel [a] is open. The vowel [u] is closed; singers would describe it as "dark". Similar 

adjectives were used to qualify guitar tones which are perceived thinner (acute) and more 

nasal when plucked close to the bridge, and more closed and hollow when plucked close to 

the middle of the string; in the normal position - close to the tonehole - the guitar tones 

are perceived round and open. We noted a clear correspondence between the plucking 

position along the string, the frequency location of the induced comb filter formants and 

the association with certain vowels. The perceived nasality is explained by the broadening 

of the comb filter formants as the plucking gets closer to the bridge. 

From phonetics to sonetics 
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In a listening experiment we conducted, listeners were asked to associate speech sounds 

to guitar tones. The choice of vowels was consistent with the qualifying adjectives. In 

their imitation of the guitar tones, the participants spontaneously chose different plosive 

consonants to emulate the different types of attack. This observation was the starting point 

for the development of systematic comparison between the elementary units of speech - the 

phonemes - and the elementary units of instrumental music, what we propose to call the 

sonemes. Phonemes and sonemes refer specifically to the timbraI qualities of the sounds, 

regardless of pitch, duration and dynamics. 

The ai ms of our questionnaire-based study were precisely the aims of a discipline B. 

Vecchione [163] calls sonetics: to establish relations between acoustical signaIs and char

acteristics of the signal producing gesture, and to identify regular associations between 

certain types of acoustical signaIs and perceptual dimensions of timbre. 

Back to signal processing 

Finally, we addressed the problem of the indirect acquisition of instrumental gesture 

parameters. Pursuing previous research on the estimation of the plucking position from a 

recording [48], we proposed a new method based on an iterative weighted least-square algo

rithm, starting from a first approximation derived from a variation of the auto correlation 

function of the signal. 

12.2 Applications and future directions 

12.2.1 Control of sound synthesis 

The results of this research may be applied to the control of sound synthesis. Though 

efficient sound synthesis algorithms exist - such as waveguide based physical models of 

plucked strings -, a sound synthesis algorithm serves litt le purpose when removed from the 

context of being played as an instrument, just as a note bears litt le meaning when removed 

from the context of a piece of music. The quality of the control parameters of a sound 

synthesis are vital in conveying the naturalness of the reproduction. A more thorough 

understanding of how performers control their acoustical instruments would better the 

development of digital instruments, equipping these with more meaningfully manipulable 

gestural interfaces. 
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In the course of this research, sorne elements of mapping between the interface and 

the produced sound have been clearly identified for the classical guitar. For example, the 

plucking position p is mapped to the delay D of the comb filter used as a plucking equalizer. 

The delay is expressed as the ratio of twice the absolute plucking position over the speed 

of sound on the string (D = 2p/c). The plucking angle may be mapped to the slope of a 

lowpass filter inserted in the string feedback loop. The exact correspondence is yet to be 

determined for this instrumental gesture parameter. 

12.2.2 Talking guitars 

Electrical guitarists have always attempted to convey a vocal quality with their guitar 

sounds. The "wah-wah effect" is the most familiar example. Other interesting effects can 

be obtained by enhancing the presence of formants in the guitar sounds. From the plucking 

point information, the comb filter formants could be localized and then thinned to obtain 

less nasal and more voice-like sounds. 

12.2.3 New perceptual measures 

As distinctive features of speech reveal themselves applicable to musical sounds, new mea

sures can be developed on the basis of the frequency location of formant regions in the 

magnitude spectrum. These measures would be useful in the context of automatic timbre 

recognition and web-based search engines for sounds. 

12.2.4 Exploring the timbre of other instruments 

The interdisciplinary approach we propose for the study of the timbre of the classical guitar 

can be applied to other musical instruments, particularly stringed instruments, such as the 

violin, the viola and the cello. This would extend the development of sonetics which aims 

to exploring the relationship between instrumental gesture parameters (position, speed and 

force of the bow in the case of bowed-string instruments) and the perceptual dimensions of 

the produced timbre. 
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12.2.5 The musicology of the performer 

Musicology is traditionally devoted to the historic study of composers by analyzing their 

work. It studies the art of composing through the written account of the compositional 

pro cess - the score. 

Very few musicologists study performers, most likely since a performance pro cess is not 

tangible. This neglects the most fundamental aspect of musical creation, since this emerges 

at the level of the sound. In what and how Segovia and Rostropovitch were exceptionally 

gifted performers are questions that remain momentarily unanswered. By furthering the 

investigation of the correspondence between instrumental gesture, produced sound and 

perceived timbre, the art of performing will be better understood. 

12.2.6 Pedagogical applications 

In the context of teaching an instrument, the findings of sonetical research can contribute to 

the development of sophisticated pedagogical methods, enabling teachers to more efficiently 

communicate their art by promoting what Schneider calls tane awareness: "If the guitarist 

is aware of each of the timbraI parameters that define the tone and is able to relate these 

parameters to the mechanical pro cesses of the instrument and to his own actions, the player 

can change colours at will rather than by chance." [30] 
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Fig. 12.1 Symbolic picture illustrating a finger technique for the Ch'in, an 
ancient Chinese seven-string lute (from a Japanese manuscript copy of the 
Yang-ch 'un-t 'ang-ch 'in-pu). 'The wild goose carrying a reed stalk in its bill' 
suggests to pluck a string with two fingers at the same time [25]. 
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Appendix A 

A utocorrelation 

A.l A utocorrelation function of an harmonie signal 

The Fourier series form of a general periodic signal is 

00 

x(t) - Ao + LAn cos(wont) + En sin(wont) 
n=l 

00 

~ L X ejwont 
27r n 

n=-oo 

where 

X n 1f(An - jBn) for n > 0, 

1f(An + jEn) for n < 0, 

21fAo for n = O. 

By definition, the infinite-duration auto correlation function of a signal x(t) is 

1 jTD 
a(T) = lim - x(t)x(t + T)dt 

TD-+OO 2TD -TD 

Replacing x(t) by the expression of its Fourier series form, including a phase factor for 
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the shifted version x( t + T), the autocorrelation becomes 

a(T) 

where the factor limTD-7oo 2iD J'!.'~D ejwa(n+n')tdt equals 1 when n + n' = 0 and 0 when n + n' 

is a nonzero interger. As a result, a( T) is nonzero only when n' = -n, which reduces the 

double sum to a single sum, leading to 

n=-oo 

As the signal x(t) is real, its transform is hermitian and therefore XnX-n = XnX~ = 

IXnl 2 = IX-nI 2
. The autocorrelation formula becomes 

a(T) 
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Therefore, the autocorrelation function of a periodic signal depends only on the Fourier 

coefficients, and not on the phases [58]. 
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Appendix B 

Symbols for Speech Sounds 

B.l Chart of tongue positions for vowels 

On Fig. B.l, the vowels are placed according to tongue position (front/back, high/low). 

hord palote velum 

U 
HIGH 

U 
~. 
4 ... .. ... .... 0 a ... 

9fS c.?~ O~ ~ e ..c: 
"'4 -Of .. 

FRONT 0,.. 
BACK 

" :> ?4) A 

LOW 

aa a Q D 

Fig. B.l Chart of tongue positions for vowels. Vowels are indicated with 
IPA symbols [147]. 
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B.2 IPA and sound COlOUT symbols 

Table B.2 gives the correspondence between the different symbols used to represented vowels 

as weIl as words in which the vowels are found (from [154] and [147]). The symbols are 

the corn mon English or French spelling, the International Phonetic Alphabet symbol and 

the sound coloT notation as defined by Slawson, which is a two-Ietter convention that he 

believes was more evocative of most English speakers' phonetic intuitions. 

IPA symbol Sound color English Pronunciation (as in) 
l ii ee beet 
1 ih bit 
e ee ay pay 
E eh eh pet 
œ ae back 
a aa bask 
a ah calm 

D 
hot 

J aw aw baw 
d ne the 
A ah cut 
0 00 oh tone 
u uh put 
u uu 00 boat 
y German Ü lax 

IPA symbol Sound color French as in 
y u vu (also German ü tense) 
0 oe eu feu (tense) 
œ eu peur (lax) 
œ un brun 
E zn vzn 
J on bon 
a an blanc 

Table B.l International Phonetic Alphabet (IPA) symbols for English and 
French vowels, together with Slawson's sound color symbols and pronuncia
tions. 
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VERBAL DESCRIPTORS FOR THE TIMBRE OF THE CLASSICAL GUITAR 

Compilation of questionnaires filled out by 22 guitarists. 
Original descriptions are left unmodified. 

The number between [ ] refers to the participant's number. 

Apaisant 

[7) On joue les accords avec le pouce à l'endroit où le manche se joint à la boîte de résonance. Si on veut faire du «strumming», 
on peut le faire vers le bas avec le pouce et vers le haut avec l'index. C'est aussi utile pour accompagner une pièce populaire, 
qu'une pièce classique, particulièrement quand la même phrase se répète. On peut jouer la phrase musicale en faisant du 
«strumming» partout sur la longueur des cordes. Traduction : soothing. 

Artificiel 

[19) Squelettique dans le sens que l'attaque est brève, qu'il lui manque du remplissage. Le poids que l'on retrouve beaucoup 
dans le buté n'y est pas présent. Comme dans le cas de l'attaque d'une corde par un plectre. 

[17) Un son produit dans un long tube. Ce son est produit quand on pince la guitare à précisément la distance égale entre les 
deux extrémités fixes de la corde. Si la corde est ouverte, on pince à la 12ième section. Si on tient un doigt dans la 5ième section, 
on pince la corde à la 1 i ème section. Antonyme : rond, naturel, plein, opaque. Synonyme : mat, nasal, vitré. Traduction : 
Bassoon: A sound produced in a long tube. 

Brillant (12 x) 

[1) Son clair et perçant, quelque fois peut être, à la rigueur, métallique. Va être un son qui aura beaucoup de présence et de 
résonance. Son qui ne meurt pas rapidement. Peut évoquer une certaine notion de joie ou d'allégresse. Cette sonorité va se faire 
en jouant légèrement vers le pont et en martelant doucement chaque note. Chaque note doit avoir une présence et être bien 
définie. Synonyme : avec allégresse. Contraire : sombre. Traduction : Bright. 

[3) C'est un son à la fois clair et rond qui résonne sans forcer. Un son à la fois boisé et cuivré. On obtient ce son en jouant (la 
main un peu ou légèrement en diagonale à la corde) à la fin de la rosace (en se dirigeant vers le chevalet). En libérant la rosace, 
le son sort et vibre plus facilement et devient aussi plus clair parce que l'on se rapproche du chevalet. Il est important d'alléger 
la main droite lors du pincement de la ???? des cordes. 
Synonyme : plein. Contraire: sourd et lisse. 

[4) C'est un son qui sonne clair, qui semble aigu même si la note est grave. On peut obtenir cet effet en jouant très proche du 
pont de la guitare et en se servant du bout des ongles. Synonyme: clair. Contraire: sombre. Traduction: Bright. 

[6) Ce dernier dégage beaucoup d'harmonique aigu, sans compter qu'il possède un côté franc et clair. Pour moi, ce son ne peut 
être obtenu que sur les trois premières cordes. L'attaque de la main qui pince les cordes est vive et franche. On peut l'obtenir 
très bien avec le « tirando ». Ce son reflète, pour ma part, la virtuosité. Synonyme: clair. Antonyme : lourd et plus sombre. 
Traduction : bright. 

[8) À mi-chemin entre rond et métallique. Il est clair, pur, franc et éclatant. J'ai souvent une impression de sérieux ou de 
«distingué» vis-à-vis ce timbre. De plus, il permet d'articuler chaque note de manière à ce que chacune soit entendue 
distinctivement. On l'obtient en plaçant la main au bas de la rosace et en attaquant la corde fermement en s'assurant que la 
dernière phalange reste immobile. 

[11) Fait référence à un son net et ferme où les notes sont très claires, sans toutefois être nasillard ou plaintif. Ce son est 
obtenu en jouant un peu, mais pas trop, vers le pont. Antonyme: mou. 

[12) Qui éclate avec beaucoup de vie; comme un chant d'oiseau qui perce et qu'on peut entendre de loin. Surtout dans les aigus 
; tiré rapidement avec puissance et bien articulé; l'articulation est aussi aidée par la précision de la main gauche, avec le bout 
des doigts; Ex. dans des passages virtuoses .. Synonyme: éclatant. Antonyme: noir, fluide. Traduction: bright 

[13) C'est un son très vif et clair qui éclate et se projette dans la salle, donc assez fort. Ce son s'obtient en jouant un peu vers 
le chevalet pour aller chercher un son plus éclatant. Il faut mettre une bonne pression sur les cordes, bien articuler les notes et 
faire un mouvement sec pour atteindre une force dans le son, sinon la brillance n'est pas perceptible. Il est difficile d'obtenir 
ce son avec de vieilles cordes. Cependant, le son d'une guitare peut se décrire comme brillant. Les guitares avec une table 
d'harmonie en épinette ont habituellement un son plus brillant. Il y a aussi sur la guitare, des notes naturellement plus 
brillantes. Léo Brower est un compositeur qui utilise beaucoup de ses notes en y infiltrant une harmonie brillante. Il manipule 



aussi les doigtés en choisissant des cordes différentes pour donner encore plus de brillance. Synonymes cristallin, clair, 
lumineux, éclatant. Contraires: terne, mat, creux, sombre. 

[lS] Le son brillant évoque pour moi un moment de réjouissance, car c'est le timbre général qu'émet ma guitare lorsqu'elle est 
munie de cordes neuves. Plus facilement perceptible au niveau des trois dernières cordes (celles qui sont munies d'un filament 
de métal), le son "brillant" peut être qualifié, selon moi, comme étant un son hautement défini, libérant le plein potentiel des 
cordes. Aussi, le guitariste doit en faire bon usage et savoir en profiter stratégiquement pour rendre certaines pièces plus 
convaincantes. Il y a toutefois un envers à la médaille au son brillant: les cordes neuves révèlent davantage les bruits parasites 
occasionnés par les doigts de la main gauche glissant sur les cordes. Ayant cette constatation à l'esprit, nous pourrions dire 
que le son brillant est aussi un son "à fleur de peau" ! Le jeu sur les mots recèle ici un aspect de la vérité concernant ce timbre. 
Le son brillant est celui de cordes neuves, nerveuses, facilement excitables. Par ailleurs, il est également important de 
mentionner qu'au moment où les cordes ont cette capacité de céder un son brillant, elles ont aussi une composante d'élasticité 
plus importante. Cela entraîne donc l'inconvénient d'avoir constamment à régler la tension des cordes pour rétablir la justesse 
de l'instrument. En revanche, les meilleurs vibratos sont possibles à ce moment-là: l'élasticité de la corde permet une variation 
plus grande de sa tension par l'action des doigts de la main gauche, tandis que le son brillant révèle toutes l'expressivité 
sonore du geste. Un bon qualificatif contraire du Son brillant serait un son terne ou émoussé. Un bon synonyme serait un 
timbre éclatant ou aiguisé. Un équivalent en langue anglaise pourrait être a bright sound. 

[16] C'est, selon moi, un peu le contraire de sourd. Un son brillant a un bon volume et une bonne attaque mais sans 
exagération. Donc il est joué avec les ongles et plus près du pont. Pour moi, le tèrme brillant s'applique lorsque la musique 
exécutée est assez rapide, que ce soit arpégée ou non. Pour avoir un son brillant, il faut être très "tight" et convainquant pour 
que l'effet de brillance se dégage du jeu de l'interprète. Pour moi le terme lumineux pourrait être un synonyme à brillant. C'est 
un son caractérisant l'ensemble du jeu et non uniquement une note en particulier. 

[17] Un son clair, décisif et bien articulé. La technique pour produire un son brillant est de jouer avec la main droite 
(guitariste droitier) comme dans la bonne position, mais en rapprochant la main un peu vers le pont. Antonyme : mat, mouillé. 
Synonyme: clair. Traduction: Brilliant: A clear weil articulated sound, played in a decisive manner. 

[19] Un son éclatant, qui rappelle la sonorité des cuivres. C'est à un niveau plus élevé qu'une sonorité claire, une clarté 
quelque peu pointue. Aide à bien faire ressortir les différentes conduites de voix d'un passage en accords. Peut contribuer aussi 
à donner un caractère plus solennel à un passage musical. 

Bruit blanc 

[5] Ce dernier fait beaucoup plus référence à une réalité physique pour la corde qu'à une attaque contrôlée par l'interprète. À 
force d'être attaquée par l'ongle, une corde en nylon vient qu'à porter quelques marques d'usure qui sont essentiellement des 
«grafignes». Si on fait juste frotter l'ongle sur la corde en question, on sentira très bien les marques laissées par le temps. 
Lorsque le guitariste joue, si on porte attention, on pourra entendre ce petit bruit se cachant en dessous. Personnellement, 
j'aime bien en retrouver un peu dans mon son car ça ajoute un peu de vie. Par contre, une corde trop vieille donnera trop de ce 
bruit ce qui aura comme conséquence de produire un son trop brillant. 

Bulbeux 

[3] C'est une sonorité douce et ronde qui semble recréer une atmosphère de rêve, un sentiment d'immuabilité. Pour l'obtenir, il 
faut jouer près du manche (à la limite de la rosace au moins). L'ongle doit frapper la corde en diagonale, pour s'assurer une 
bonne rondeur au son. Son contraire serait un son métallique. Son synonyme pourrait être une sonorité veloutée. 

(Avec) caractère 

[19] Synonyme de présence qui toutefois serait plus marquée, plus insistée. Alors que d'autres sonorités peuvent être faibles, 
voire un peu timides, celle-ci est tout au contraire, large et imposante. Très approprié dans la musique espagnole et la musique 
de danse dans des passages rythmés. 

Cassant 

[1] Son très clair et nasillard. Joué généralement très fort ou peut aussi être décrit comme un son pauvre et chétif. Peut être 
obtenu de deux façons: 1- En jouant très fort, en arrachant presque les cordes, entre la rosace et le pont ou complètement à 
l'opposé; 2- En jouant un peu trop doux mais près du pont. Son un peu gêné et à la rigueur chétif et pauvre. On peut comparer 
ce son à la voix d'un chanteur. S'il chante trop fort, sa voix se cassera sous la puissance ou s'il chante trop faiblement, sans 
assurance, sa voix sera chétive et aussi cassante. Ce terme peut donc évoquer deux sentiments totalement inverses et peut être 
interprété différemment. Synonyme: fragile. Contraire: assuré. 

Chaleureux - (avec) chaleur (8 x ) 



[6] C'est un son rond qui dégage beaucoup d'harmoniques graves mais en ayant quand même quelques aigus. J'ai retrouvé 
cette sonorité sur des guitares en cèdre. De plus, les musiciens jouaient à gauche de l'ongle avec beaucoup de pulpe. On peut 
retrouver ce son en jouant aussi au milieu de la rosace. Il faut cependant mettre beaucoup de pulpe et très peu d'ongle. 
Synonyme: chocolaté. Antonyme: cassant, vitré. Traduction: melIow, warm. 

[8] Timbre quelque peu feutré, sensuel et avec une légère rondeur. Ce timbre exprime une délicatesse très vivante, ce qui me 
rappelle, de façon imagée, les chauds couchés de soleil d'été. On l'obtient en inclinant légèrement l'intérieur des doigts vers les 
cordes et en attaquant relativement doucement sur la rosace. Je trouve plus facile de l'obtenir en buté. 

[9] À mon avis, ce son est le parfait compromis entre un timbre trop nasillard et trop étouffé. Il me rappelle le son réconfortant 
d'une voix maternelle. On obtient ce son en jouant vis-à-vis la rosace en gardant un angle de 45 degrés entre la corde et l'ongle 
de la main gauche. Il s'obtient mieux avec un petit vibrato lent. Contraire: sec. Synonyme: chocolaté. Traduction: warm. 

[l3] C'est un son qui touche droit au cœur, qui réchauffe l'ambiance, qui rend joyeux, qui nous remplit. Il donne une sensation 
de chaleur. Il faut penser au feu dans le sens qu'il peut nous réchauffer, mais il peut aussi être très violent et dangereux. Il peut 
se jouer dans le tasto, dans le naturel et même un peu vers le chevalet. On doit aussi mettre une bonne pression sur les cordes 
et bien articuler. Cependant, ce qui crée l'émotion, c'est l'intensité des notes et il faut donc prendre conscience aussi de la 
touche de la main gauche. En variant l'angle du poignet de la main droite aussi, on peut modifier le son, mais l'idée générale 
est de suivre le mouvement des flammes et de garder l'intensité du feu. Synonymes: braillard, langoureux, ténébreux. 
Contraires: naturel, mat, opaque. 

[17] Un son invitant et sensuel. Chercher un son chaleureux serait plus dans la façon de jouer que dans une technique precIse 
pour produire un son chaleureux. Il faudrait jouer avec une bonne intensité, c'est-à-dire, ni trop fort, ni trop doux et dans une 
position naturelle. C'est un son qu'on dérive pour un passage et pas seulement pour une note. Antonyme: agressif. 
Synonyme: naturel, chocolaté, plein. Traduction: Warmth: An inviting sound, pleasant to ail senses. 

[18] De façon naturelle, la guitare a un timbre chaleureux. Pour accentuer cet effet, je crois qu'il suffit de jouer au-dessus de la 
rosace. La technique du buté (le doigt repose sur la corde précédente après l'attaque) conjuguée à un emploi modéré de l'ongle 
(entretenu court) produit un timbre à la fois rond et entier. En anglais: warm. 

[19] Un son chaleureux contient une certaine énergie. Donne une sensation enivrante. Le terme énergie étant employé ici dans 
un sens subjectif qui décrit un aspect de vitalité dans la résonance. On peut parler d'une certaine profondeur dans la résonance. 

[22] (Ang : warm): un son qui met en avant les hauts médiums, et les basses de l'instrument. La manière d'obtenir ce type de 
sonorité est similaire à celle du son rond. Néanmoins, il est important de déplacer la main droite vers le manche et donc de 
jouer les cordes à une plus grande distance du chevalet. L'utilisation d'une amplification à lampe dans le cadre d'un 
instrument électrique viendra renforcer cette impression. Synonyme : son rond, chaud - rounded sound. Contraire : son froid -
cold sound , angular sound. 

· Chaud 

[20] À la guitare électrique, il y a plusieurs façons d'obtenir un son chaud. Simplement en jouant avec les micros ou avec les 
boutons <<tones» on peut réussir à avoir cette caractéristique. Il y a aussi le simple fait de faire un harmonique, c'est-à-dire de 
placer un doigt de la main droite vis-à-vis la frette numéros 7 et 12 et l'attaquer pour exécuter un son qui contient une certaine 
chaleur. 

· Clair (3 x) 

[3] C'est un son qui laisse transparaître une sécheresse et une résonance vitreuse. C'est un son qui se définit entièrement dès 
que l'on pince la corde. Pour l'obtenir, il faut pincer la corde avec l'ongle sans vraiment enfoncer le doigt concerné. Ne pas 
jouer avec la peau ou à peine (pour éviter une attaque double ou à retardement.) La main (droite) et le bras doivent être un peu 
en diagonale avec la corde. Synonyme: mince. Contraire: épais. 

[11] Correspond au son brillant mais pas nécessairement ferme ou fort. Il est plus général pour ce qui est de la puissance : le 
son brillant est donc un son clair mais puissant. On l'obtient de la même façon que le son brillant étant donné que c'est le 
même timbre mais pas la même intensité. Antonyme: rond. 

[l9] Qui se répand bien, est uniforme, précis. En faisant une comparaison avec la lumière, on peut dire que le son se diffuse 
bien, qu'il a un certain côté lumineux. Contribue à rendre une phrase bien articulée où chaque son et chaque harmonie sont 
bien définis. 

· Clarinette 

[5] Parfois, afin d'apporter des variations dans une pièce, il m'arrive d'utiliser ce que j'appelle le «son clarinette». Ce timbre 
évoque cet instrument principalement par sa « rondeur venteuse» s'apparentant à la clarinette mais aussi par l'attaque 
différente produite. Cette dernière est moins présente, mais un certain minimum doit rester afin de garder une articulation entre 



les sons. Relativement facile à produire, cette propriété du timbre s'obtient en déplaçant la main droite complètement au
dessus le la touche. L'attaque de la corde se fait de la même manière qu'à l'habitude mais avec une certaine attention portée sur 
le mouvement des doigts de la main droite de manière à s'assurer qu'ils fassent un mouvement complet (truc à Peter). Ceci 
permet de dégager la pointe du son nécessaire à l'articulation dont j'ai parlé précédemment. L'opposé à ce timbre, non pas par 
la sonorité mais plutôt par la technique employée, serait une couleur métallique. 

i. «Coffre à musique» 

(2) Cette sonorité me fait penser aux petits coffres à musique qui sert souvent à endormir les gens. Il s'agit tout simplement de 
pincer les cordes à leur sortie du pont, soit près des clés d'ajustement (ou d'accordage). 

1. Confus 

(22) (Ang : muddy) : un jeu peu clair dans le son de la note. Cette façon de jouer donne une note où se mêlent d'autres 
harmoniques. Le mot anglais (muddy) convient mieux à l'expression du son que le mot français ... Pour obtenir cet effet, on 
peut combiner ou jouer séparément sur les effets de la main droite et de la main gauche. La main droite doit jouer les cordes, en 
accrochant laCes) cordees) précédente(s), de préférence en utilisant les ongles ou un médiator. Ces cordes doivent être étouffée 
par la main gauche. C'est l'attaque définie sur la corde qui rajoutera le niveau d'harmoniques souhaité sur la note jouée. La 
main gauche peut rajouter de l'effet en relâchant la corde après avoir pincé la note, faisant donc résonner une nouvelle note. Ne 
pas tirer trop fort sur la corde pour éviter de faire entendre la seconde note plus fort (ou aussi fort) que la première. Synonyme 
imprécis - Contraire: définis ou clair - defined, crystal clear. 

i. Coulant 

(4) C'est un son qui fait penser à un seul coup d'archet pour plusieurs notes au violon. Les notes sonnent comme un lié mais 
elles sont toutes frappées. On obtient cet effet en s'assurant que les notes se succèdent sans coupure et que leur son a bien 
sonné. Synonyme : lié. Contraire : sec. Traduction: flowing 

'. Crémeux 

(22) (Ang : creamy) : sonorité de type large, mettant en valeur les basses de l'instrument, avec un timbre doux. On obtient ce 
type de sonorité en jouant avec le micro grave de la guitare électrique, les cordes sont frottées de préférence aux doigts, sans 
ongles, et en coupant une partie des aigus sur l'instrument amplifié. Synonyme: épais -fat. Contraire: mince - thin . 

. Creux (3 x) 

(3) C'est un son plein et rond mais qui ne dégage pas nécessairement un côté chaleureux. Au contraire, on y sent davantage un 
sentiment d'impartialité et de solennité. On obtient ce son en butant le doigt doucement prenant soin de ne pas faire entendre 
le bruit du frottement de l'ongle. Pour de meilleurs résultats, pencher la main pour permettre au doigt concerné de bien 
s'entendre avant le britage. C'est davantage la phalangette qui bute plus que tout le mouvement du doigt entier. Synonyme: 
ovale. Contraire: fibreux. 

(9) C'est un son sans direction, sans intention, inoffensif, sans substance, comme un fantôme ou comme le son d'une 
télévision enneigée. Pour obtenir un son creux, il s'agit de jouer sans intention. Le doigt passe rapidement sur la corde, sans 
offrir aucune résistance. Ce son se manifeste plus avec la pensée qu'avec les doigts. Il est donc difficile d'expliquer comment 
l'obtenir. Toutefois, il se communique bien. Contraire: plein. Synonyme: transparent. Traduction: hollow. 

(21) On peut qualifier le timbre de « creux» quand on sent que la note (surtout dans les basses) est attaquée de façon à donner 
un impact majeur et rond. On obtient ce timbre en attaquant la corde avec un ongle qui doit glisser et enfoncer la corde pour lui 
donner plus de rebondissement. Contraire: incisif. Synonyme: caverneux, lourd. Traduction: heavy . 

• Cuivré (3 x) 

(9) C'est un son antique, un peu nasillard, comme le son d'un vieil instrument... une viole par exemple. On obtient ce son en 
jouant sur les cordes basses avec tous les doigts (sauf le pouce) jouant près du pont. Ce son est plus défini si on le joue sur la 
quatrième cordes. Contraire: crémeux. Synonyme: métallique. Traduction: tinny. 

(14) Évoque cette distorsion du son propre aux cuivres (son cuivré). On l'obtient, sur la guitare, également en jouant le plus 
fort possible (sans briser les cordes bien sûr!). Antonyme: duveteux 

(22) (Ang : resonant) : son avec de la chaleur et beaucoup de résonance sur la note jouée. C'est comme si la note 
s'épanouissait encore après avoir été jouée. On choisira de préférence un son rond ou chaleureux pour obtenir le résultat 
voulu. La main droite doit jouer les notes en utilisant une combinaison chair - ongles. La main gauche, lorsqu'elle pince la 
note, peut ajouter un léger vibrato pour aider la note à s'épanouir après avoir été jouée par la main droite. Synonyme: 
résonnant - resonant. Contraire: opaque - opaque. 



1. Doux (4 x) 

1. Dur 

[3] C'est une sonorité légère et ronde qui dégage une certaine sérénité. On sent une souplesse et un équilibre dans la vibration. 
On obtient cette sonorité en jouant en diagonale aux cordes Ge parle de la position du bras droit et des doigts) au milieu de la 
rosace. Il faut s'appliquer à alléger la main droite le plus possible et de «balayer» la corde plus que la pincer. Synonyme: 
velouté. Contraire: cassant. 

(4) Un son doux est un son qui n'est pas fort et qui est lent. On obtient ce timbre en ne jouant vraiment pas fort et en n'utilisant 
par le mordant de l'ongle. Synonyme: discret. Contraire: rugueux. Traduction: smooth. 

(11) Son rond mais sans fermeté. Comme le son brillant faisait partie du clair, le son doux fait partie du son rond. Contraire: 
brillant. 

(16) Un son doux pour moi est un son à faible volume et ayant un caractère intime. Cela doit être joué avec délicatesse et doit 
donner une impression de fragilité mais tout en étant bien soutenu. Pour créer ce son, il faut jouer la main droite près des frettes 
de façon fluide et sans mouvement brusque. Il faut faire aussi particulièrement attention à la main gauche sur le manche pour ne 
pas faire de bruit indésirable par le glissement des doigts sur les cordes car le jeu guitaristique est à un faible volume et il est 
donc plus facile d'entendre les imperfections sonores. 

(3) C'est une sonorité pesante, à la fois sèche et large. Elle dégage beaucoup de tension, tant dans sa production que dans sa 
vibration et peut sembler épuisante à la longue (si l'on joue toujours avec ce son). C'est un son qui ne rebondit pas mais qui 
tombe aussi instantanément qu'un objet quelconque par la gravité. En effet, le son ne gravite pas, il s'affaisse. Pour obtenir ce 
son, relever légèrement la main et les doigts (de manière à ce que les doigts soient davantage droits que courbés) et pincer la 
corde avec conviction en usant de la force du doigt entier. Synonymes: cuivré et lourd. Contraire: chaleureuse. 

(19) Qui frappe, une forte attaque très brève. Comme la plupart des instruments de percussions. Permet de bien rendre un 
passage très expressif. 

· Duveteux 

(21) On peut qualifier le timbre de « duveteux» lorsque que le son qui parvient à nos oreilles est plutôt léger, très superficiel, 
mais semble être très présent et enveloppant. On obtient ce son en attaquant en pinçant la corde avec la pulpe et l'ongle. Il faut 
pincer très doucement et délicatement, avec une gentillesse particulière. Contraire: lourd, mouillé, trempé. Synonyme: 
angélique. Traduction: feathery. 

· Éclatant 

(7) Jouer un accord préférablement ouvert, avec le pouce, en le traînant lourdement avec les cordes près du pont, donne un son 
lourd et éclatant. Traduction : Bright. 

· Épais (4 x) 

(2) Ce son se doit d'être le plus consistant possible. Je retrouve cet effet en attaquant la corde directement dans la rosace et sur 
le côté gauche de mon ongle. À mon avis, c'est là le son le plus chaud et le plus tendre d'une guitare. 

(8) Son très gras, très rond qui résonne lourdement et qu rappel le gros bonhomme en guimauve dans «Ghostbusters». Il est 
lourd sans être agressif. C'est un timbre très dense et si on l'applique sur des accords, il devient très pensant surtout avec des 
cordes à vides. On peut l'obtenir en buté si l'on incline un peu le poignet vers la gauche. Mais aussi en butant avec le pouce 
sur les dernières cordes. 

(14) Évoque le son du luth Goué sans ongles). On l'obtient en déplaçant la corde vers le bas lors de l'attaque, près de la rosace 
et en laissant l'ongle du doigt de la main droite en contact le plus longtemps possible avec la corde (doigts presque parallèles 
aux cordes). Antonyme: transparent. 

(15] Il est possible à la guitare de produire un son unique et plein d'exotisme que l'on peut qualifier du terme épais. Le timbre 
de ce type sonne comme une "tonne de briques", évoquant pour moi le martèlement des pas d'un géant ou encore la démarche 
lourde d'un éléphant. Musicalement, je trouve que le son épais peut aussi donner un caractère insistant à un passage et même 
dégager un esprit de passion, de complète dévotion. Pour produire le son épais, il faut tailler et faire réagir ses ongles sur les 
cordes de la même façon que pour produire un son rond, mais avec le souci supplémentaire de maximiser la distance de 
glissement de la corde sur la largeur de l'ongle. Pour ce faire, le guitariste fera intervenir l'angle d'attaque de ses doigts par 
rapport aux cordes, l'attaque se faisant près de la rosace pour un effet optimal. En respectant une certaine limite, il faut réduire 
l'angle formé par l'axe longitudinal des doigts et la direction des cordes pour que la distance de glissement soit augmentée et 



que le son épais recherché soit produit. Autrement dit, le son épais est une exagération du son rond, qui se produit en 
introduisant un certain "flatté-fouetté" au niveau de l'attaque des cordes. À l'opposé du son épais se trouve le son mince. Un 
synonyme pourrait être un son gras. L'équivalent en langue anglaise serait a thick sound. 

1. Estompé 

(19) Ce dit d'une couleur qui manque de définition, qui est un peu brumeuse. Réfère au même timbre que mat. On en perçoit mal 
les contours dû à une attaque qui se veut discrète. Peut être utilisé dans des pièces écrites en tonalités mineures à caractère 
sombre ou triste. 

i. Étouffé (2 x) 

(2) retenu (ou étouffé) : cette technique vient d'Andrès Segovia. Je l'ai tout récemment découvert avec Peter McCutcheon. Il 
s'agit de déposer son auriculaire sur une corde tout près du chevalet afin de ne pas complètement empêcher sa vibration, mais 
plutôt de la retenir quelque peu. En attaquant la corde avec un autre doigt, ceci crée une légère distorsion qui peut être 
intéressante dans certains contextes musicaux. 

(22) (Ang :softened) : Son dont le tiinbre est assourdi, le niveau d'harmoniques de la note est diminué. On obtient ce son de 
deux manières: (1) on peut poser la paume de la main droite sur le chevalet, de façon à ce que le gras de la paume effleure les 
cordes, sans complètement les étouffer; (2) on peut aussi utiliser un mouchoir, placé sous les cordes, les plus près du chevalet. 
Quelques essais sont nécessaires pour ajuster l'étouffement partiel de la note. Synonyme: sourd. Contraire: résonnant -
resonant. 

'. Explosif 

(9) C'est un son qui réveille. L'attaque a plus d'impact que la résonance. C'est un son qui me rappelle le jeu percussif sur une 
caisse claire. On obtient ce son en jouant avec la technique « buté »: tout le doigt se raidit en exerçant une pression intense sue 
la corde jusqu'à temps que celle-ci cède. Contraire: confus. Synonyme: brillant. Traduction: explosive. 

· Fermé (3 x) 

(9) C'est un son qui ne projette pas, qui est tres étouffé. Son champ d'action est restreint; son impact ne reste influent que dans 
l'épicentre de son explosion sonore. Il me fait penser au son d'une implosion ou de quelqu'un qui parle en-dessous de l'eau. 
On obtient ce son en jouant pizzicato, c'est a dire que l'on étouffe les cordes tout en les jouant. La corde ne résonne donc pas. 
Contraire: ouvert. Synonyme: sourd. Traduction: c1osed. 

[11) Son qui ne sort pas de la guitare, qui ne résonne pas. Je l'associe à des guitares de mauvaise qualité. 
Synonyme : sec. 

(20) À la guitare électrique, un son fermé se trouve à être un accord barré. Cet accord a la caractéristique d'avoir un doigt de la 
main droite qui couvre toutes les cordes de l'accord. C'est à cause de cette barrure que le son produit en jouant cet accord est 
fermé et sonne très sourd. On ne peut pas sentir une richesse dans le son comme un accord ouvert qui ne possède pas cette 
barrure. 

· Fibreux 

· Flat 

(8) Timbre pour lequel on fait ressortir légèrement le frottement de l'ongle sur la corde. Il donne donc à la note une allure 
feutrée et sèche. On l'obtient en courbant le poignet vers la gauche et en plaçant la main sur la rosace. 

(5) Ce mot en est encore un que j'utilise pour définir l'état dans lequel se trouvent mes cordes. Pour moi, des cordes fiat on 
terminé 'leur vie et ne sont pas capables d'émettre autre chose qu'un faible son étouffé qui s'éteint relativement rapidement. Un 
copain à moi disait souvent de sa guitare qu'elle sonnait comme un «bass drum» lorsque ses cordes étaient trop usées. Le seul 
palliatif à cette situation est un jeu de cordes neuf. 

· Fougueux 

(19) Qui démontre une riche vivacité, beaucoup de mordant et de prestance. Très approprié pour parler d'un son résultant d'une 
attaque en buté. Cette technique permettant plus de rapidité, la comparaison avec un cheval de course devient juste. Cela donne 
beaucoup d'ampleur à la sonorité et peut être donc réservé aux extraits de pièces musicales très tendus, peu importe s'ils sont 
lents ou rapides. 



[7) On pince la corde à l'endroit qui se trouve douze frets plus haut que la fret où on presse la note de la main gauche. Il ne faut 
pas pousser trop fort avec le doigt qui pince, puisqu'on est directement sur le manche. Traduction: dark. 

:. Fracassant 

· Gras 

[21) On peut qualifier le timbre de « fracassant » quand on a l'impression d'entendre une corde percussive, un claquement sur 
les frettes. On obtient ce son en soulevant la corde quelque peu pour qu'elle puisse ensuite frapper les frettes. La note est 
audible mais percutante et brisée. Contraire: doux, faible. Synonyme: attaqué, martelé. Traduction: poping. 

[20) Ce son est produit par l'attaque simultanée de 2 des 3 cordes graves de la guitare. Les deux notes jouées se trouvent à 
former une quinte superposée. Normalement, cet accord de 2 sons est exécuté avec une attaque très puissante et généralement 
jouée dans le style «heavy métal». Cet accord est surnommé «power chords». 

· Incisif (4 x) 

[3) C'est un son sec, tranchant, un peu criard même. On y ressent une certaine tension. Pour l'obtenir, il faut jouer près du 
chevalet, pincer la corde avec l'ongle en prenant soin que l'ongle frappe perpendiculairement la corde. Synonyme: métallique. 
Contraire: bulbeux. 

[8) Très articulé et tranchant comme si chaque note était un coup de fusil. Ce timbre fait penser à une machine à coudre qui 
perfore le tissu très sèchement et très rapidement. En gardant l'angle entre l'intérieur des doigts et la corde à 90% et en 
attaquant fermement la corde à la base de la rosace, on obtient ce timbre. 

[11) Qu'il soit rond ou clair, le son incisif est un son où les notes sont accentuées vigoureusement. Il est obtenu en utilisant la 
technique du buté. Il est, entre autres, le contraire de doux. 

[13) C'est un son qui m'incite à l'écouter, qui va m'amener vers quelque chose. Il faut le jouer assez fort pour attirer l'attention 
et penser à le pousser pour mettre l'effet d'être impatient de quelque chose; comme pour quelqu'un qui cherche à inciter une 
autre personne. Lorsqu'on veut inciter quelqu'un, on doit trouver un moyen de le charmer donc le son doit être bien soigné. 
Synonymes : interpellant, salutaire. Contraires: faible, mou, sombre. 

· Laiteux 

[17) Un son entre lisse et doux et naturel. Souvent utilisé dans des passages «legato ». Un son laiteux est obtenu avec la 
force qu'on a quand on pince la corde dans la position standard. On pourrait dire que c'est une attaque un peu paresseuse, 
c'est-à-dire qu'on utilise moins de force qu'habituellement, mais toujours de façon décisive. Antonyme : métallique. 
Synonyme: lisse, doux, crémeux. Milley : A sound that can be qualified between a soft and silley sound and the natural sound 
of a guitar. 

· Large 

[l6) Selon moi, le terme large est presqu'un synonyme de plein vu précédemment. Le différence est que lorsqu'on parle de son 
plein, cela s'applique davantage à une note jouée. Tandis que le terme large s'appliquerait pour l'ensemble du jeu 
guitaristique. C'est un jeu fort et qui occupe l'espace dans lequel les notes ont un son plein. Mais l'ensemble du jeu est large. 

· Lumineux (3 x) 

[5) Pour moi, une sonorité lumineuse est un idéal. En fait, elle regroupe dans un parfait équilibre toutes les caractéristiques qui 
selon moi donnent un son parfait, c'est-à-dire rond et chaud mais avec une petite pointe pour garder la netteté. De plus, ce 
dernier ne doit pas être métallique à outrance. Avec une synthèse parfaite de ces éléments et une bonne guitare, on en arrive à 
entendre clairement les harmoniques lors de l'exécution de mouvements lents (j'ai dans la tête la sonorité de John Williams 
lorsque ce dernier interprète la partie en majeur de la chaconne). Je ne sais malheureusement pas exactement encore comment 
m'y prendre pour avoir cette sonorité. Pour l'instant, le seul point dont je suis certain est un conseil que Peter m'a donné. À la 
base, ce dernier consiste à prolonger le mouvement des doigts à la main droite. Je ne sais pas trop pourquoi mais ça fonctionne 
bien. Contraire: mat. 

[12) Qui sort de l'ordinaire; qui attire notre attention par sa couleur claire et contraste avec une couleur naturelle; qui éclaire 
un passage et la rend plus évidente; comme si on ouvrait les rideaux pour laisser rentrer la lumière du soleil pour éclairer une 
pièce sombre. Plaqué, bien articulé et qui résonne bien. Ex. des accords dans le registre supérieur des harmoniques. Synonyme 
: clair. Antonyme: boueux, lugubre (muddy). Traduction: luminous. 



. Mat 

[15) Parmi les nombreuses citations que nous attribuons aujourd'hui à Andrès Ségovia, célèbre guitariste du 20e siècle, il y en 
a une en particulier qui retient mon attention: "Le son de la guitare n'est pas volumineux, mais lumineux." Je suis entièrement 
d'accord avec lui. En effet, il y a un moment où l'utilisation du son lumineux est de mise ; un moment où 1'auditoire doit faire 
preuve d'un grand silence pour pouvoir l'apprécier. Ce son délicat et scintillant évoque pour moi le bref passage d'une étoile 
filante ou le vol éphémère des lucioles luminescentes dans la nuit. Pour produire le son lumineux, il faut utiliser les 
harmoniques naturelles et artificielles sur la guitare. Pour produire une harmonique naturelle, il faut bloquer la vibration 
normale de la corde jouée à vide, en appuyant très légèrement sur la même corde à l'aide d'un doigt de la main gauche, et ce, au
dessus de certaines frettes stratégiques. Sans en faire l'inventaire exhaustif, je puis dire qu'il est possible de produire des 
harmoniques naturelles à la 12e, 7e, Se et 4e frette. Il est également possible de produire des harmoniques naturelles à la 1ge 
frette ainsi qu'au 2e tiers et 3e tiers de rosace en se dirigeant vers le chevalet. Il faut savoir que ces dernières harmoniques sont 
l'équivalent, en termes de hauteur sonore, des harmoniques naturelles que l'on retrouve aux 7e, Se et 4e frettes respectivement. 
Pour produire une harmonique artificielle, il faut, avec un doigt de la main gauche, appuyer fermement une corde sur la frette 
désirée et placer son index de la main droite en guise d'étouffoir sur la même corde à une distance de 12 frettes plus haut. Il 
s'agit ensuite de jouer la corde avec l'annulaire de la main droite, tout en maintenant l'index étendu sur la corde en question. 
Selon moi, il n'y a pas de qualificatif contraire. Un synonyme pourrait être étincelant. Un équivalent en langue anglaise 
pourrait être a luminous sound . 

[15) Le son mat à la guitare est denrée rare de nos jours, car selon ma perception, c'est le son que produit une guitare jouée sans 
ongles. En effet, mis à part les débutants et les amateurs, peu de guitaristes aujourd'hui jouent sans ongles. Le guitariste qui 
décide de jouer avec les ongles, décide par le fait même d'éliminer ce timbre de son registre. Le son mat évoque pour moi un 
esprit conservateur, modéré. Pouvant être sans éclat et sans vitalité, le son mat révèle toutefois une sonorité agréable et de bon 
goût. Le son mat à la guitare s'apparente beaucoup à la sonorité que va produire les instruments de la famille des cordes 
(violon, alto, violoncelle, contrebasse) lorsque joués en pizzicato. Un bon contraire pour le son mat serait un son clair. Un bon 
synonyme serait un son discret. L'équivalent en langue anglaise serait a fiat sound. 

[19) Contraire de clair, qui n'a pas de polissage. C'est un timbre qui est renfermé, qui manque d'articulation. On obtient cette 
sonorité quand l'attaque devient beaucoup plus longue. C'est normal que la différence, par rapport à un timbre clair, se 
perçoive au niveau de la définition . 

. Métallique (14 x) 

[1) Son à caractère austère et déterminé. Très nasillard, presque grossier et très gras de nature. Se joue très près du pont avec 
les ongles presque parallèles aux cordes, un peu sous forme de crochet. Plus on est près du pont, plus le son sera percutant et 
âcre. Plus aussi les ongles sont en crochet, plus on pourra obtenir un son saisissant et très grossier. Évoque un peu une 
notion de puissance. Synonyme : cuivré. Contraire: voilé. Traduction: metallic. 

[4) Un son qui sonne artificiel, qui a une vibration plus sifflante. Les trois dernières cordes d'une guitare (cordes les plus 
basses) peuvent sonner métallique si elles sont jouées avec les ongles avec une bonne force. 
Synonyme : argenté. Contraire: mat. Traduction : metallic 

[5) Selon «Le Robert Pour Tous», un son métallique est un son qui semble venir d'un corps fait de métal. Dans cet ordre 
d'idée, je dirais que pour moi, un timbre métallique à la guitare classique se rapproche de celui d'une guitare avec des cordes de 
métal. La démarche pour obtenir une pareille sonorité est relativement facile; en fait, il suffit simplement de jouer plus proche 
du chevalet. À mon oreille, si le guitariste ne dose pas bien cet effet, il peut facilement voir passer sa sonorité de métallique à 
nasillarde voire même mince. L'antonyme tout indiqué dans ce cas-ci est: rond. 

[6) Son très clair, franc et percussif. Ce son est très dur à notre oreille à cause de son côté percussif. Je fais référence à 
percussif ici car le son ne résonne presque pas. Ce timbre peut rappeler certaines sonorités du clavecin. On obtient ce son en 
jouant très près du chevalet. Synonyme: vitré, cuivré. Antonyme: son «tasto» près de la touche. Traduction: brassy, 
metallic, glassy. 

[8) Sonne un peu mécanique. Évoque le son du marteau heurtant l'enclume du forgeron. Ce timbré est obtenu en jouant très 
près du pont avec le bout de l'ongle. 

[11) Son extrêmement clair, mais agressif et nasillard. Est obtenu en jouant très près du pont. Synonyme: criard 

[13) Un son dans lequel on sent le métal sur les cordes, il est très pincé et peut être doux ou très fort et bruyant. La guitare folk 
ou acoustique (guitare sèche utilisée dans la musique populaire aujourd'hui) possède un son très métallique en soi à cause du 
fait qu'elle porte des cordes de métal. Il peut être très agaçant, très brillant, violent, berçant comme une boîte à musique, 
humoristique ... Ce qui produit ce son est le fait qu'on le joue très, très près du chevalet. On peut l'utiliser sous plusieurs 
forme en jouant plus doux, plus fort, en changeant l'angle du poignet, etc. Synonymes: ponticello, nasal. Contraires: tasto, 
doux, mielleux 



(14) Évoque lors de passages en gammes la sonorité du banjo ou de la mandoline. On l'obtient en jouant le plus près possible 
du chevalet (pontieello extrême). Antonyme: voilé. 

(15) Le son métallique est un timbre que le guitariste débutant apprend à utiliser puisqu'il est facile à faire et efficace pour la 
diversification du discours sonore et musical. À la fois nasillard, incisif et percussif selon des proportions variables, le son 
métallique me rappelle souvent le son distinctif des percussions sur fond de barils de métal (steel drums). Aussi paradoxal que 
cela puisse paraître, ce timbre peut évoquer chez moi autant un contexte lugubre et mystérieux, qu'un certain esprit moqueur, 
voire même humoristique. Pour produire le son métallique, il suffit de jouer près du chevalet avec la main droite. Des 
qualificatifs contraires et synonymes sont à mon avis impossibles à trouver. L'équivalent le plus immédiat en langue anglaise 
est a metallie sound. 

(17) Un son très clair et nasal qui laisse la sensation que l'instrumentiste joue d'un instrument fait en métal. Ce son est 
obtenu en attaquant les cordes le plus près possible du pont, sans que le son soit trop « percussif ». Pour aller chercher un son 
encore plus métallique, on peut attaquer la corde avec l'ongle parallèle à la corde et utiliser l'annulaire. Antonyme: mat, 
velouté, chaleureux. Synonyme: brillant, mince. Traduction: Metallie : A clear, sharp, nasal sound, it leaves the impression 
that the musician is playing a metal instrument. 

(18) Je trouve le timbre métal très précis au niveau de la clarté. On le produit par l'usage de ongles derrière la rosace, ie près du 
pont. Plus l'attaque s'effectue près du pont, plus l'effet « métal» sera prononcé. La sonorité métallique est tranchante, 
incisive, nasale. Le contraire direct serait selon moi ce qui se rattache au numéro précédent: rond, pulpeux, large. En anglais : 
metallie. 

(19) Un autre degré de clarté qui s'avérerait cette fois très exagéré. On peut y percevoir un coté très pétillant. Sonorité qui veut 
rappeler celle du clavecin. Est surtout utilisé comme effet très contrastant. 

(21) On peut qualifier le timbre de « métallique» quand on peut discerner l'utilisation d'un effet particulier qui rassemble les 
timbres suivants: mince, cassant, piquant, dur, froid. On obtient ce son en attaquant la corde tout près du chevalet (pont) ce 
qui donne l'effet plus croustillant. Plus on s'éloigne du chevalet, plus le timbre deviendra chaleureux et rond. Contraire: 
chaleureux, rond, crémeux. Synonyme: froid, coupant. Traduction: Nickel Wound 

(22) (Ang : metallie) : le son met en avant un timbre cassant, rigide avec peu de chaleur. On peut obtenir ce son avec différents 
procédés: (1) mettre un tirant élevé de cordes (grosses cordes, supérieur à 11-52), de marque « Blue Steel» (Dean Markley) ; (2) 
Jouer avec un médiator très dur, de préférence en pierre. Le jeu main droite doit omettre toute nuance, et être régulier dans 
l'attaque. Le son doit être équilibré c'est-à-dire « neutre». On peut aussi jouer avec les ongles de la main droite, mais l'effet 
sera moins important. La main gauche peut accentuer l'effet avec un jeu stacatto (notes clairement détachées, pas de liaison) ; 
(3) On peut rajouter un bottleneck sur un des doigts de la main gauche (tube en métal, ou verre) pour jouer les notes. 
Synonyme: vitreux - glassy. Contraire: boisé - woody .. 

. Mieleux 

(2) Le mot mieleux m'évoque un son plutôt doux, coulant. J'obtiens ce son en attaquant une note quelconque mais à douze 
cases de cette dernière. Il faut bien sûr l'attaquer directement sur le métal comme dans le principe des harmoniques que 
j'expliquerai un peu plus bas . 

. Mince (8 x) 

(5) Le qualificatif mince fait pour moi référence à un défaut dans la sonorité que l'on observe souvent chez les débutants et qui 
devra être corrigé dans son apprentissage futur. Cette sonorité est démesurément claire et possède trop de hautes fréquences. 
Quand je l'entends, j'ai l'impression que seulement la corde travaille pour émettre le son et que la caisse n'est absolument pas 
sollicitée. Souvent le débutant obtient ce résultat soit parce que la coupe de ses ongles n'est pas adéquate ou que l'attaque 
n'est pas bien contrôlée. Un guitariste plus avancé produira ce timbre s'il joue sur le bord du chevalet et tourne son poignet de 
manière à faire face à la corde réduisant ainsi de beaucoup la surface de contact de ce dernier. Selon moi cependant, ce son doit 
être évité. Synonymes: vitreux, clair. Antonyme: gras (noter que ce dernier n'est pas mieux). 

(6) Un son qui ne dégage presque pas d'harmoniques, autant aiguës que basses. Le son manque de projection et de richesse. 
J'ai remarqué le son en enseignant à de jeunes élèves du secondaire. Ces élèves pratiquaient le « tirando », sans ongles et de 
plus l'attaque de main droite débutait au niveau de la phalangine et non de la phalange. Il en résulte une attaque qui manque 
de « tonus» puisque les doigts n'appuient pas assez sur les cordes. Antonyme: plein, épais. Traduction: thin. 

(8) L'attaque est fortement entendue du fait que la main est positionnée entre la rosace et le pont. Ce timbre vibre très 
difficilement et résonne peu. Il rappelle un son de banjo car il est un peu métallique. Il est fragile comme s'il manquait 
d'assurance et de fermeté. Étrangement, il me fait penser au hautbois. 

(12) Un son perçant mais léger, agréable; comme la dentelle. Angle d'attaque vers la droite; tiré légèrement; registre aigu. 
Synonyme : petit, délicat. Antonyme: pesant, large. Traduction : thin. 



(14) Évoque le son qu'obtient un débutant qui ne sait pas encore comment faire ses ongles!!! On l'obtient en déplaçant la corde 
vers le haut lors de l'attaque avec les doigts de la main droite (doigts perpendiculaires aux cordes). Antonyme: rond. 

(17) Un son qui manque de richesse comparé au son naturel de la guitare. Souvent joué avec peu d'intensité. Un son obtenu 
entre la position « métallique» et celle du « brillant ». Antonyme: plein. Synonyme: transparent, cassant. Traduction: Thin: 
A sound which lacks the natural richness of a guitar, it has more of a crisp flavour. 

(18) J'associe ce qualificatif à la production d'harmoniques. À cause de leur résonance brève, les harmoniques me font penser à 
des clochettes ou encore au célesta. Elles sont produites en laissant le doigt de la main gauche (pour un droitier) reposer sur la 
corde sans que cette corde ne touche à la frette. La corde une fois pincée, le doigt de la main gauche s'éloigne pour laisser vibrer 
l'harmonique. L'harmonique a un son mince et délicat, par opposition à un son large et dur. En anglais: thin and delicate. 

(21) On peut qualifier le timbre de « mince» quand on a l'impression d'entendre une guitare avec une toute petite caisse de 
résonance. Un bois et un environnement très secs rajoutent un côté aiguisé à toute cette sonorité. On obtient ce timbre en 
attaquant la corde avec un ongle pointu et de façon perpendiculaire à la corde. Une main gauche tendue vient aussi amincir le 
son. Contraires: large, pénétrant, conquérant. Synonymes: piquant, maigre. Traduction: Sharp. 

· Mystigue 

(11) Son très doux et extrêmement rond, il est produit en jouant sur le manche, à exactement une octave de la case bloquée à la 
main gauche de façon à faire sortir plus d'harmoniques qu'à la normale. Synonyme : sombre. 

· Mogueur 

(2) Ceci est pour moi un son très clair et même dur à l'oreille, on attaque donc la corde avec le milieu de l'ongle juste à côté du 
chevalet et avec une force maximale afin d'obtenir le son le plus clair possible. 

· Mordant 

• Mou 

(22) (Ang : full bodied ??) : une sonorité mordante est une sonorité mettant en valeur l'attaque du jeu de l'instrument. Le 
timbre doit être équilibré, avec un léger creux dans le registre médium de l'instrument. La main droite fait tout le travail dans 
ce type de son: l'attaque sur les cordes doit être dure, presque violente et le médiator frappe les cordes avec un angle de 90°. En 
utilisant le micro grave, ou médian sur un instrument électrique, on favorise la mise en valeur des sons cités plus haut. On peut 
aussi jouer aux doigts, et à ce moment-là, les cordes doivent être tirées assez fortement pour qu'elles frappent presque sur le 
manche. Synonyme : dur - hard. Contraire: douce - mellow . 

(19) Peut se voir comme étant bien sûr l'opposé de dur. Fait référence à une attaque sans tonus. Ces deux qualificatifs (dur et 
mou) sont surtout déterminés par le niveau de rigidité de la phalangette (dernière phalange du doigt). Si on oppose beaucoup 
de résistance à la corde par la phalangette lors de l'attaque, le son qui s'en suit est très rigide. Tandis qu'en utilisant la 
souplesse de l'articulation, on obtient une sonorité légère. 

(21) On peut qualifier le timbre de « mou» quand les cordes semblent plutôt mortes ou très vieilles. On obtient ce son en 
attaquant la corde morte en question. Le son est sombre, mal défini et quelquefois oscillant. Contraire: pétillant. Synonyme: 
flasque, morne. Traduction: dead. 

· Mouillé 

(16) Selon moi, le terme mouillé s'appliquerait davantage pour un effet créé sur la guitare que pour un type de jeu 
guitaristique. Si quelqu'un me demandait de faire un son mouillé sur ma guitare, je désaccorderais les cordes vers le bas 
jusqu'à la limite à laquelle on peut encore percevoir les notes. Donc les cordes seraient beaucoup moins tendues et vibreraient 
beaucoup moins rapidement en occupant un plus grand espace. Les notes ne seraient pas très fortes et il y aurait beaucoup de 
bruit indésirable pour un type de jeu plus conventionnel. L'attaque aussi serait presqu'inexistante. C'est un peu en fait 
l'antithèse du son sec vu précédemment. 

· Nasillard (7 x) 

(2) Ce dernier me fait penser à quelqu'un qui parle du nez. Il faut pincer la corde avec le milieu de l'ongle, une case au-dessus 
de la note jouée. Ceci crée une sonorité pas très jolie mais quelque peu humoristique. 



[6] C'est un son où l'on retrouve beaucoup d'harmoniques aiguës. Cependant, ce son est mince et sans profondeur. Il est 
souvent obtenu par une attaque d'ongle uniquement. J'ai constaté ce son lorsque les doigts de la main frappent la corde, 
l'ongle face à la corde. La main est perpendiculaire aux cordes, il n'y a pas ici d'attaque à droite ou à gauche, mais bien au 
milieu de l'ongle. Synonyme: transparent. Antonyme: plein, rond. Traduction: naily. 

19] Un son qui rappelle un canard, un hautbois, une alarme. On obtient ce son en jouant avec la face des ongles proche du pont. 
Ce son est plus caractéristique si on le fait sur les cordes aigües, particulièrement sur la première corde. Contraire: rond. 
Synonyme: sec. Traduction: nasal. 

[12] Un son qui bondit, qui projette, qui ressemble au registre moyen et grave d'un clavecin; a «sucky sound». Naturel mais un 
peu vers le pont; tiré un peu vers le haut; registre medium ; pincé assez vigoureusement. Synonyme : avec un «twang». 
Antonyme : sobre, naturel/tasto. Traduction : nasal. 

[l4] Évoque le timbre de la clarinette. On obtient cette sonorité en attaquant la corde, avec le pouce, 12 frettes (1 octave) plus 
haut que la note à faire sonner. Antonyme: clair. 

[18] Puisque, dans la pratique, les nuances « rond, chaleureux, métal» sont fréquentes et s'applique à une grande variété de 
styles, je désire préciser le type métallique. Le timbre nasillard ressemble au timbre métallique mais il est plus prononcé. Je 
qualifie de nasillard l'attaque avec ongle la plus près possible du pont. En anglais: nasal 

[22] (Ang : naily): sonorité de type aiguë, étroite et qui ne représente qu'une partie du spectre de l'instrument. Le son devient 
presque fin et agressif par la perte de ces fréquences. On obtient ce son en jouant au médiator, ou avec les ongles, en se 
rapprochant au maximum du chevalet. L'attaque sur la corde doit être franche. La main gauche peut exercer une pression plus 
importante sur les notes à jouer. Sur une guitare électrique, on préférera utiliser le micro aigu. Synonyme: piquant, étroit et 
aigu. Contraire: gras - fat . 

. , Naturel (3 x) 

[1) C'est probablement le son que nous sommes le plus habitués d'entendre. Bien portant, simple, c'est un son qui émane la 
franchise et le bon goût. Un peu le juste milieu de tous les sons. Il se joue près de la rosace d'un jeu franc avec une bonne 
pression de l'ongle. Il se joue avec ardeur et est utilisé pour la majorité des pièces. Principalement dans les passages simples 
et rectilignes. Synonyme : franc. Contraire : vulgaire. Traduction : natural. 

[13) Le son le plus naturel de la guitare, plat et neutre. C'est l'un des sons les plus utilisé. Ce son se joue devant la rosace, un 
peu vers la droite. Le mot « naturel» généralise une série de sons pour lesquels le son naturel est un repère pour savoir où se 
diriger sur la guitare. Donc, on peut l'exploiter comme on veut lorsqu'il est écrit dans une partition et cela laisse un champ 
libre à l'interprétation. Synonymes: normal. Contraires: métallique, tasto. 

[17) Un son riche et fier qui est présent mais pas trop imposant non plus. Le son naturel de la guitare est obtenu en jouant dans 
la position standard, soit celle où les doigts pincent les cordes le plus près du pont possible, mais par-dessus le trou. 
Antonyme: métallique, basson. Synonyme : chaleureux, plein, laiteux, Traduction: Natural : A riche and proud sound, 
which is present yet is not over domineering . 

. Nerveux (avec nervosité) 

[19) Timbre qui dégage une certaine tension, un léger stress. Laisse paraître un manque de souplesse . 

. , Ouateux 

[3) C'est une sonorité qui dégage une rondeur et une légèreté, un son qui semble rebondir. Pour l'obtenir, il faut étendre le 
doigt et ensuite pincer la corde avec la peau d'abord et l'ongle ensuite. C'est un peu comme si l'on flattait la corde avec le 
doigt, de la même façon qu'un pinceau glisserait sur une toile. Son synonyme pourrait être un son velouté. Son contraire un 
son cuivré . 

. Ouvert (3 x) 

[6] C'est une sonorité pleine, riche en harmoniques et puissante. On a l'impression que le son ouvre devant nous. Pour ma 
part, j'ai ressenti une sonorité ouverte lorsque je faisais des accords plaqués. Quand je plaquais un accord, j'ouvrais 
immédiatement la main. C'est bizarre mais j'avais l'impression que je laissais voyager les harmoniques de la guitare et que ma 
main ne les bloquait pas. (C'est bizarre comme truc, mais ça fonctionne ... ) Synonyme: large. Antonyme: fermé, voilé. 
Traduction : open. 

[9) C'est un son ou l'attaque est minimisée. Il fait penser au son que peut produire un instrument à archet ou encore mieux à un 
son déjà existant que l'on n'entend pas et que l'on découvre en augmentant le volume. On obtient ce son en jouant sur la corde 



sans aucune préparation. Le doigt passe à travers la corde comme si la corde n'allait pas influencer sa trajectoire. Tout ceci en 
gardant la phalangette la plus molle possible. Contraire: fermé. Synonyme: clair. Traduction: open. 

(16) Un son ouvert est selon moi un son dans lequel on peut distinguer que le guitariste utilise beaucoup les cordes ouvertes. 
Une note jouée en corde ouverte a un caractère différent des autres notes. Villa-Lobos a beaucoup exploité ce type de sonorité 
ouverte. Alors pour avoir un son ouvert, il faudrait arranger la pièce de façon à utiliser beaucoup les cordes ouvertes ou 
simplement jouer une pièce dans laquelle les cordes ouvertes sont beaucoup exploitées. 

· Ovale (2 x) 

(9) Ce son donne l'impression d'une courbe sonore dans l'intensité du volume. C'est comme une enflée. Il rappelle les 
techniques de chant baroque. On obtient ce son en jouant de n'importe quelle manière avec la main gauche. Toutefois, un petit 
vibrato sensuel est nécessaire un court moment après avoir attaqué le son. Contraire: mat. Synonyme: florissant. Traduction: 
aval. 

(21) On peut qualifier le timbre de « ovale» quand le son manque d'assurance. On obtient ce son en attaquant la corde 
faiblement avec la peau et un jeu de la main gauche qui se qualifierait de nonchalant. Contraire: strict, délimité. Synonyme: 
mou, gras, obèse. Traduction: slow & fat. 

· Percussif (2 x) 

· Plat 

(7) On frappe les cordes tout près du pont avec le pouce ou avec les doigts en jouant (ou pas) un accord à la main gauche. Il 
faut laisser rebondir le doigt ou le pouce qui joue, après qu'il ait joué. Traduction: percussive. 

(18) Comme le qualificatif l'indique, il s'agit d'un effet de percussion, mais par l'entremise des cordes. Pour l'obtenir, il faut 
tirer la corde vers le haut (avec un angle de 90 degrés par rapport à la touche). L'effet de percussion est produit lorsque la corde 
frappe cette touche et coupe soudainement la note entendue. Cet effet est bien connu des joueurs de basse électrique sous le 
nom de « slap ». Des compositeurs contemporains l'ont utilisé, notamment le français Roland Dyens dans sa «Libra 
sonatina ». En anglais: percussive. 

(19) Puisque que toute l'attention est portée sur une attaque exagérée, la résonance semble moins importante même si elle est 
équivalente aux autres formes d'attaque. J'utilise le terme pour qualifier un son dont la résonance est amoindrie. 

· Plein (3 x) 

(1) Son très riche, vigoureux et rond. Il est à la fois velouté et très clair. C'est un son avec une longue résonance et qui doit 
rester à son maximum tout au long de son exécution. C'est une sonorité qui nécessite une concentration majeure car le son doit 
être maintenu et pas étouffé. Le son doit rester vivant même après son exécution. On obtient ceci en jouant avec une main large 
et détendue mais ferme. On doit jouer juste en-dessous de la rosace. On doit avoir un jeu détaché mais pas dans le sens de 
notes détachées, séparées mais bien avec une certaine ampleur. 
Synonyme: riche. Antonyme : maigre. Traduction: full. 

(16) C'est pour moi d'aller chercher le maximum de volume et de rondeur d'une note jouée. Pour obtenir un son plein il faut 
utiliser la technique du buté. De cette façon la note est forte et occupe davantage l'espace, ce qui lui donne le caractère plein 
désiré. 

(17) Un son naturel mais qui contient beaucoup de registre. Un terme utilisé pour dire un son naturel quand on pince plusieurs 
cordes simultanément. Antonyme: mince. Synonyme: naturel, crémeux. Traduction: Full: A naturally rich sound that 
contains more than one note played at once. 

· Pleurnicheur 

(2) Ce mot me donne l'idée d'un son de longue durée, qui tremble presque de douleur. J'attaque donc la note près de la rosace 
avec le côté gauche de mon ongle. Ensuite, j'ajoute un vibrato lent mais prononcé avec la main gauche. Évidemment, le vibrato 
exécuté de cette façon devient impossible si la note jouée est une corde à vide. 

· Présent (qui a de la présence) 

(19) Qui prend sa place, qui a du corps, qui a une sonorité bien remplie. On peut parler aussi d'une résonance qui serait bien 
appuyée, solide. Elle occupe bien l'espace. C'est une caractéristique très importante qui touche la plupart des musiques. Mais 
je crois qu'elle prend toute son ampleur dans la musique de Jean-Sébastien Bach où chaque son se doit de transporter 
adéquatement toute la tension qui se retrouve dans cette musique très spéciale. 



· Profond 

[7] On joue un accord, chaque doigt de la main droite sur une corde. On fait sonner les cordes avec la chair des doigts. On peut 
pencher la main un petit peu, le dos de la main vers le plancher, pour accéder à plus de chair. C'est presque impossible de jouer 
complètement sans ongle. Cela est préférable car un peu d'ongle nous permettra de contrôler le son davantage. À ce moment
là, on utilise l'autre côté des ongles. Traduction: deep. 

· Pulpeux (4 x) 

[6] C'est un son lourd puisqu'il dégage très peu d'harmoniques aiguës. Ce son est obtenu en jouant avec très peu d'ongle, on 
joue ici surtout avec la pulpe du doigt, l'ongle n'intervient presque pas dans l'attaque. Antonyme: opaque. Traduction : 
fudgy. 

[12] (Fleshy) Thick ; with a soft attack; the noise of the flesh is audible in the attack. With the flesh of «p» only (unless the 
fingers have very short nails); rest-stroke for an even thicker sound; ego a melody in the bass. Synonyme : frothy. Antonyme: 
spiky. Traduction : pulpeux. 

[13] C'est un son épais, doux, surtout utilisé pour les basses. Donne un effet rond et met le son un peu en sourdine. Ce son se 
produit avec le pouce en n'utilisant que la peau au contact de la corde. Il existe un effet qu'on appelle pizzicato, qui se sert de 
la pulpe tout en étouffant les cordes avec la même main. Synonymes : doux, sourdine, épais, mou. Contraire: sec. 

[15] Le son pulpeux est un timbre que j'affectionne particulièrement. Avec la partie charnue de mon pouce droit, je peux 
produire une sonorité chaleureuse et costaude, évoquant la harpe, le luth, ou encore le violoncelle joué en pizzicato. D'une 
manière plus précise, on produit le son pulpeux en utilisant la partie charnue du côté externe du pouce droit. Lorsque la partie 
charnue du pouce produira le son mat, elle utilisera un angle d'attaque plutôt perpendiculaire à la corde, tandis que pour le son 
pulpeux, elle attaquera la corde de façon presque parallèle. Le son mat utilise donc davantage la pointe du pouce, tandis que le 
son pulpeux sa partie latérale. L'emplacement de la main droite n'a pas vraiment d'importance. En revanche, je recommanderais 
l'utilisation de la technique du buté afin d'aller chercher toute la générosité de ce timbre pulpeux. Le buté consiste à jouer 
fermement une corde avec un doigt qui ira s'appuyer sur la corde adjacente après l'attaque, provoquant ainsi une attaque plus 
ferme, plus lourde. Dans ce cas-ci, le pouce fera un buté sur la corde adjacente inférieure. Selon moi, un qualificatif contraire 
dans ce cas-ci n'existe pas. Un synonyme pourrait être un son charnu. Un équivalent en langue anglaise pourrait être a jleshy 
sound. 

· Rêche 

[18] J'associe ce qualificatif à une technique particulière qui consiste à gratter la corde avec l'ongle dans le sens de la longueur 
et spécialement sur les cordes filées de l'instrument. C'est un effet très contemporain. Par exemple, Francis Kleynjans l'a 
exploité dans sa composition « À l'aube du dernier jour» pour exprimer une porte grinçante qui s'ouvre. On pourrait dire 
aussi : irrité, crispé. En anglais : harsh, rough. 

· Résonant (4 x) 

[4] Un son qui fait entendre toutes les harmoniques d'une note. On obtient la résonance en faisant sonner chaque note assez 
puissamment et en faisant vibrer cette note. Synonyme : vibrant. Contraire : sec. Traduction : resonant 

[11] Son qui est maintenu particulièrement après l'attaque, entre autres, à cause de la production d'harmoniques et la salle dans 
laquelle on joue. Est beaucoup caractéristique de la guitare en tant que tel. Antonyme: fermé. 

[16] Pour avoir un son résonant dans son jeu guitaristique, il suffit de laisser sonner les notes jouées et non de bien les 
découper. Dans certains contextes, il peut être intéressant que la résonance d'une note s'emboîte sur une autre et ainsi de suite. 
Cela donne un son global résonant. Pour ce faire, techniquement, il faut simplement garder son doigt de la main sur le manche 
sur la frette de la note jouée pendant que l'on en crée une autre par la suite. De cette façon, la résonance des deux notes est 
entendue simultanément. 

[18] Peu importe la technique, l'instrument résonne, cela va de soi. Je fais référence aux moyens d'augmenter cette résonance. 
Une façon d'y parvenir est d'appliquer la technique « rasgado ». C'est une manière d'accompagner donc de jouer des accords. 
Le rasgado s'effectue en déliant successivement les doigts de la main droite (chez le droitier) sur toutes les cordes. Chaque 
corde est donc attaquée à plusieurs reprises, augmentant par le fait même la résonance et le volume sonore. Ce timbre pourrait 
être qualifié d'expansif ou de florissant dans la mesure où le son ne meurt pas et s'atténue plus lentement. En anglais : 
resonant 

· Rêveur 



· Riant 

· Riche 

[2) Bien que ce titre laisse songer à quelque chose d'abstrait, la technique pour obtenir ce son est très commune, voire presque 
banale (quoique plus délicate à expliquer en écrit). Il s'agit tout simplement d'une harmonique. Il y en a deux catégories : les 
harmoniques naturelles et les harmoniques artificielles. Dans les naturelles, on n'a qu'à appuyer légèrement sur la case de métal 
de la 12, 7, 5, 4, 17e et bien d'autres. Il faut tout de suite relever son doigt afin de laisser vibrer les cordes. Pour ce qui est des 
artificielles, les choses se compliquent un peu. Il faut presser sur une note avec la main gauche, placer l'index sur la douzième* 
case de métal suivante *(ou 7,5 etc.), et attaquer la corde avec l'annulaire. Dans ce cas, il faut relever l'index de la main droite 
afin de permettre une vibration maximale de la corde. 

[7) Surtout avec les tierces ascendantes ou descendantes. Particulièrement dans l'étude numéro 12 de Ferdinand Sor, c'est 
agréable de jouer les tierces avec beaucoup d'attaque entre le pont et la rosace, presque ponticello. Quand on suit la ligne 
mélodique au niveau des dynamiques, cela contribue à donner l'impression de rire, puisque lorsque nous rions cela monte et 
descend en volume et en hauteur. Traduction : laughing 

[20) Ce son est produit principalement à l'aide d'un accord. Cet accord doit avoir au minimum quatre notes et au maximum six 
notes. La richesse du son est crée par le mariage entre les cordes aigues et graves de la guitare. Ce mélange de sonorité remplit à 
fond l'espace sonore et l'attaque déployée à la main gauche détermine le niveau d'intensité. Cette caractéristique est valable 
seulement pour des accords ouverts. 

· Robuste 

[12) Full-bodied and with some edge. Between natural and tasto; big, strong strokes; ego spanish repertoire and rasquego. 
Synonyme: beefy. Antonyme: sweet. Traduction: robuste. 

· Rond (13 x) 

[1) C'est un son qui s'apparente beaucoup au son plein. Cependant, il est un peu plus voilé et métallique que son voisin. Ce 
son peut s'obtenir en jouant près du pont avec la paume de la main droite éloignée des cordes. On doit obtenir un son 
légèrement buté et métallique. Il ne doit pas cependant tomber dans les extrêmes du métallique et du buté. C'est un son riche 
et savoureux qui offre une certaine plénitude. Il est presque sucré mais plus défini et précis. Antonyme : étroit. Traduction : 
round. 

[4) À mon avis, cet adjectif définit un son qui roule, un son très mou. La façon la plus facile de réaliser ce son, à mon avis, est de 
prendre le pouce et de gratter de haut en bas les cordes avec la peau du pouce le plus proche possible des frettes. On peut aussi 
le faire avec les autres doigts en remontant avec la peau du doigt. Synonyme : souple. 

[6) Son où l'on retrouve un équilibre parfait entre les harmoniques aiguës et basses. Fort ou doux, il possède l'équilibre. C'est 
pour moi une attaque normale dans le son ou une belle sonorité se doit d'être ronde. Il est de plus l'équilibre entre l'attaque 
qui se fait autant avec l'ongle qu'avec la pulpe. Synonyme: plein. Antonyme: nasillard, métallique. Traduction: full bodied, 
mellow, round. 

[8) Ce timbre donne l'impression qu'une bulle émerge de la guitare. Cette sonorité est très douce à l'oreille car elle lui apparaît 
comme un coussin sonore très homogène. Ça me donne l'impression d'un nuage qui épaissit petit à petit. Pour produire ce son, 
on tourne le poignet vers la gauche, on incline les doigts très légèrement vers l'intérieur et on remontre la main au milieu de la 
rosace. 

[9) C'est un son crémeux, voluptueux, très plein, enveloppant, très dense. Ça sonne comme lorsqu'on tire le bouchon d'une 
bouteille de champagne avec une résonance plus longue. On obtient ce son en jouant d'une manière chaleureuse mais en y 
ajoutant une préparation plus longue et en tendant plus la phalangette. Contraire: sec. Synonyme: plein. Traduction: round. 

[11) Comme le son clair, le son rond est une catégorie contenant plusieurs nuances. Il serait voilé, enrobé d'un <<je ne sais 
quoi» qui le rend plus épais, velouté et agréable. Associé au legato, c'est un son lyrique. Il ne fait pas référence à un certain 
volume sonore et est obtenu en jouant près du manche, voire même dans celui-ci. Synonyme: velouté et extrême. Antonyme : 
métallique. 

(13) C'est un son très présent, lourd, qui pourrait vouloir imiter un gong. Il produit une ondulation en boule plutôt qu'en 
vagues qui se projettent vers l'avant. On doit mettre beaucoup de pression sur les cordes, du côté de la main droite et jouer un 
peu les doigts ouverts. Il faut que l'attaque de l'ongle soit faite dans un mouvement lent et plus gracieux, un peu comme une 
cassette qui roule au ralenti. L'attaque est entendue, mais n'a pas l'effet d'une lame de rasoir. Synonymes: épais, gras. 
Contraires : brillant, éclatant. 



[14] Ceci représente, pour moi, le son idéal à la guitare, le son que l'on entend sur les enregistrements des grands guitaristes. 
On l'obtient en déplaçant la corde vers le bas lors de l'attaque, près de la rosace, des doigts de la main droite (les doigts et les 
cordes formant un angle d'à peu près 45 degrés). Antonyme: mince 

[15] "Rond" ... la qualité des qualités ! Sans hésitation, je peux dire que le son "rond" est le premier timbre recherché par le 
guitariste raffiné. C'est la couleur sonore que chacun veut faire sienne pour l'intégrer dans tous les aspects de son jeu. Tous les 
guitaristes de concert le maîtrisent parfaitement. C'est un incontournable. Définir le son rond n'est pas tâche facile. En fait, il 
est plus aisé de se prononcer pour un son qui ne l'est pas, que pour un son qui possède cette qualité. Selon moi, le son rond est, 
à prime abord, un timbre agréable à l'oreille qui semble exploiter toutes la capacité sonore de l'instrument, pour un 
emplacement de main droite donné. Le son rond possède cette qualité qui évoque une idée de richesse, de plénitude et 
d'accomplissement sonore chez l'auditeur. Pour obtenir un son rond, il faut prendre en considération la manière dont on taille 
nos ongles et surtout la façon dont ils font contact avec les cordes. L'action de la corde sur l'ongle est décrite par un glissement 
rapide entre un point de contact initial et un point de chute final. L'idée maîtresse est d'en arriver à tailler les ongles de manière 
à prolonger la distance, sur la largeur de l'ongle, entre le point de contact initial et le point de chute final. Il est utile pour ce 
faire de concevoir son ongle comme une rampe de lancement. Il est important de noter qu'il faut à tout prix éviter de laisser une 
"pointe" d'ongle à l'endroit du point de chute final. Ceci aurait pour effet de provoquer une interruption brutale du contact, 
d'annuler l'effet du glissement préalable et, malheureusement de provoquer le timbre opposé, soit le son mince. Par ailleurs, ce 
même principe de glissement de la corde sur la largeur de l'ongle peut être exploité davantage pour produire le son épais. 
Lorsque le guitariste fait intervenir un certain angle d'attaque de ses doigts par rapport aux cordes, l'effet de glissement peut 
être maximisé et le son passe alors de rond à épais. En somme, ce principe de glissement, selon son degré de présence, obtient 
trois sons, le mince, le rond et l'épais, le rond étant le juste milieu entre les deux autres. La rigidité de l'ongle compte pour 
beaucoup aussi. Même si des ongles plutôt durs sont souhaitables pour le guitariste, il faut tout de même qu'ils gardent une 
certaine souplesse pour permettre la production du son rond. Pour les perfectionnistes, il est possible d'appliquer un vernis 
durcisseur sur les ongles de main droite pour leur donner la rigidité voulue. Que ceux qui ont les ongles mous se réjouissent : 
les ongles deviennent plus durs avec l'âge ! Un bon qualificatif contraire du son rond serait donc le son mince. Un bon 
synonyme serait le son plein ou riche. Un équivalent en langue anglaise pourrait être a full sound ou encore a warm sound. 

[17] Un son naturel et uni. A cause de la différente épaisseur des cordes, chaque corde a son propre son. La première corde, la 
plus mince, a un son plus clair et nasal que les autres cordes. Un son rond est obtenu quand on essaie de jouer toutes les 
cordes de façon à avoir un son uniforme. Donc il faut ajuster l'attaque pour chaque corde de façon subtile. En général, plus la 
corde est aiguë, plus il faut jouer devant la corde précédente. Donc la première corde est jouée un peu en avant de l'endroit où 
on pince la deuxième corde. La rondeur d'un son peut aussi se déplacer. On peut avoir un son brillant qui est rond, autant 
qu'un son naturel qui est rond. Antonyme: de façon individuelle. Synonyme: chaleureux, naturel. Traduction: Round: A 
natural and uniform sound. On a guitar each string has a difJerent thickness, the sixth string being the thickest, and the first 
string the thinnest. The first string has a more clear and nasal sound than the second string, and so on. To have a round 
sound, each string is plucked slightly in front of where the preceding string was played, thereby making a more uniform 
sound. A round sound is a general term, and the hand that plucks the guitar can be adjusted accordingly. For example, you 
can have a brilliant sound that is round, as much as a natural sound that is round. 

[18] Le timbre rond dégage une impression de mollesse, comme s'il s'agissait d'une bande élastique. Pour le produire, il faut 
jouer avec le pouce sans se servir de l'ongle et au-dessus de la touche, vis-à-vis la douzième frette par exemple. On pourrait 
aussi appeler cela pulpeux. D'ailleurs, lorsque l'on joue avec le pouce sans se servir de l'ongle, on dit: « jouer avec la pulpe du 
pouce ». Le contraire serait métallique (avec l'ongle et vers le pont). En anglais: round, pulpy. 

[19] Sonorité dont l'attaque semble envelopper la résonance. L'attaque n'étant pas trop marquée mais assez puissante pour 
engendrer une bonne résonance. Son utilisation est bien justifiée dans les mélodies lentes et expressives. 

[22] (Ang : plain): comme l'adjectif l'indique, on parle d'une sonorité homogène et équilibrée, avec un timbre chaud. On 
obtient ce type de sonorité de 2 manières : (1) en jouant uniquement avec la chaire des doigts de la main droite, sans trop tirer 
sur la corde, mais simplement en effleurant celle-ci, de façon à provoquer le son pour les doigts. Ils vont donc remonter le long 
des cordes. Le pouce doit quant à lui descendre sur les cordes. L'attaque de la corde reste naturelle; (2) en jouant au médiator, 
en inclinant l'angle d'attaque de ce dernier sur la corde. L'angle est diminué pour conserver la définition sonore, et on peut 
jouer la corde avec la partie arrondie du médiator. Ne pas appliquer trop de pression sur ce dernier; il doit juste être tenu de 
façon à ne pas le perdre. Dans les deux cas, la main gauche doit jouer les notes entre les frettes, au milieu exactement, avec un 
pincement de corde suffisant pour jouer clairement la note. La tension sur la corde est donc légèrement diminuée. Synonyme : 
son naturel - natural sound. Contraire: son creux - thin sound . 

. Rugueux (5 x) 

[3] C'est une sonorité métallique et grasse. On sent bien le frottement de la corde et un certain « barbarisme» un peu grossier 
semble caractérisé ce son. On l'obtient en jouant près du chevalet, la main perpendiculaire aux cordes, le poignet presque 
«écrasé» sur la table d'harmonie et la main retroussée vers le haut. Jouer avec beaucoup de peau. Penser à tirer plus que pincer. 
Ne pas confondre avec le britex. Synonyme: à la fois épais et rêche. Contraire: transparente. 

[11] Son qu'on a quand nos ongles ne sont pas bien taillés! 



[12) Pas beau par exprès; qui a de la poussière dessus; comme la figure d'une personne âgée qui a vécu une vie pleine et dure. 
Naturel mais un peu vers le pont; angle d'attaque un peu vers la droite pour un son plus billant; un petit bruit d'ongle dans 
l'attaque. Synonyme: dur, usé. Antonyme: lisse, beau. Traduction: rough. 

(14) Rappelle un peu le léger frottement entendu lorsque l'archet entre en contact avec les cordes du violon. On l'obtient en 
déplaçant les cordes de basse vers le bas lors de l'attaque et en laissant l'ongle du doigt de la main droite frotté sur les 
«imperfections» des cordes (doigts presque parallèles aux cordes). Antonyme: lisse. 

[21) On peut qualifier le timbre de « rugueux» lorsque l'on entend un grattement, on comprend tout de suite que c'est un effet 
particulier des cordes. On obtient ce son en grattant avec l'ongle les cordes filées. Synonyme: raboteux. Contraire: glissant. 
Traduction : rough . 

.. Sec (7 x) 

[2) Pour moi, ceci est un son très court et même agressif. Il faut donc attaquer la corde tout près du chevalet et avec une grande 
force. Ensuite, pour dramatiser l'effet, un autre doigt vient tout de suite s'appuyer contre la corde afin d'interrompre les 
vibrations. 

[4] Ce mot évoque pour moi une nuance bien connue: pizzicato. On peut l'obtenir en atténuant ou en coupant chaque longueur 
de notes que l'on veut soit avec la paume de la main ou en relâchant la note. Synonyme: ferme. Contraire: coulant. 
Traduction : dry 

[5) Voici un mot à lequel je dois souvent avoir recours et ce bien malgré moi. Ce terme renvoie aux propriétés acoustiques 
d'une salle ou d'un local (le bureau de Peter ou le 521 !!!) qui par définition possède très peu de réverbération. Pour certains 
instruments, ceci peut devenir un avantage mais dans le cas de la guitare, c'est tout autre chose. Ce que je déteste dans ce genre 
d'endroit est l'impression ressentie que la guitare résonne seule dans mes mains. Il semble y avoir aucune communication 
entre l'instrument et la salle. Il en découle donc l'impression d'avoir un très faible volume et un timbre de son quelconque. Je 
prends bien la peine dire « impression» car en fait, pour l'auditeur ça ne semble pas être si pire. C'est vraiment pour 
l'interprète que ce genre de salle est moins plaisante. Pour corriger la situation, il n'y a pas vraiment de solution miracle autre 
que des rénovations tenant compte des propriétés acoustiques. À l'opposé, on retrouve une salle qui est trop réverbérante ou 
présente de l'écho. Attention, à l'extrême ceci n'est pas mieux car le son perd en définition. 

[6) Pour ma part, c'est un son qui ne voyage pas. Il est mince et dégage peu d'harmoniques. On dirait seulement un bruit de 
corde qui vibre à peine. On entend surtout le côté plastique de la corde. J'ai retrouvé ces sonorités surtout sur des vieilles 
guitares dont le bois était lui-même très sec, ou parfois dans certaines salles. Synonyme: mat. Antonyme: riche. Traduction : 
dry. 

[8) Timbre terne, impliquant peu de résonance et peu de vibration. Il est sans soutien et sans contenu. Il est aussi morne qu'un 
arbre mort. Il est produit dans l'aigu des cordes 4,5 et 6. On attaque la corde doucement en laissant les dernières phalanges 
souples. 

[13) C'est un son très court, cru, neutre. Il s'agit de jouer le son et de le couper avec soit un doigt de la main droite, soit avec la 
main au complet ou avec la main gauche dépendant de la situation. Souvent, dans les pièces, on termine avec un accord sec. 
Synonymes: staccato (exagéré). Contraires: legato. 

[16) Le son sec ne résonne pas longtemps ou même pas du tout. Il est en fait l'attaque elle-même du son. C'est pourquoi je le 
ferais avec les ongles et exagérement près du pont pour qu'il soit presque plus percussif que mélodique. On doit cependant 
pouvoir entendre la note. Il ne faut pas que ça devienne un son à hauteur non-définie mais il doit avoir un caractère percussif . 

. Sombre (5 x) 

[4) Un son sombre évoque pour moi un timbre qui fait ressortir les sons grave d'une note ou de plusieurs notes. On obtient cet 
effet en jouant avec la peau du doigt juste au-dessus des frettes et en frappant de façon à ne pas faire résonner les aiguës de la 
note. Synonyme : opaque. Contraire : brillant. Traduction : dark 

[5) Ce mot fait surtout référence à l'atmosphère plutôt lourde se dégageant d'une composition. Des harmonies en mineur 
tristes, mélancoliques, et parfois même lugubres se conjuguent dans un mouvement lent. Je pense ici en particulier à un 
mouvement dans une suite de Poujol. Mais maintenant, comment rendre cette caractéristique sur la guitare? Personnellement, 
toujours en cherchant une sonorité lumineuse, je déplacerais légèrement ma main droite vers la rosace de manière à obtenir un 
peu plus de rondeur. Le son recherché deviendrait donc un hybride entre un «son clarinette» et un son lumineux. Dans ce cas
ci, je crois que traduire sombre par dark a du sens. De plus, l'antonyme de choix se révèle être joyeux. 



[6] Un son sombre n'est pas agressant. Il possède beaucoup d'harmoniques graves et il est plutôt doux. On peut obtenir une 
sonorité sombre en jouant près de la touche « tasto ». Il faut de plus donner beaucoup de pulpe à l'attaque, en l'occurrence, 
moins d'ongle. Donc une bonne attaque à gauche de l'ongle, mais très gauche pour donner à la pulpe le maximum 
d'expression. Synonyme: mat. Antonyme: brillant. Traduction: dark 

[9] C'est un son avec une longue préparation, mais qui n'a pas beaucoup d'attaque. Il demande beaucoup d'effort; il rappelle 
l'austérité et le sérieux d'une église. On obtient ce son en mettant de l'effort à le produire. L'ongle de la main droite prépare le 
son en s'appuyant longuement sur la corde et glisse lentement afin de diminuer l'effet explosif de l'attaque. Contraire: 
lumineux. Synonyme: velouté. Traduction: dark. 

[15] Le son sombre est un timbre bien spécial qui se retrouve, de façon caractéristique, sur un type de guitares en particulier, 
celles dont la table d'harmonie est en cèdre ou, pour les initiés, en thuya géant. Timbre qui se produit lorsque l'on joue les 
cordes de basse de manière plaquée ou arpégée, le son sombre peut être défini comme étant profond et évoquant une certaine 
noirceur d'esprit. Lorsque j'entends le son sombre à la guitare, mon imagination me donne des images de moi-même alors que 
je marche sur le bord d'un gouffre immense ou encore tout simplement sous la pluie par temps gris. Un bon synonyme serait un 
son caverneux. Un équivalent en langue anglaise serait a dark sound. 

· Sourd (5 x) 

[1] C'est un son très profond, lointain et très vibrant. Il doit procurer une sensation d'éloignement, de vibration et presque de 
grondements. On obtient cette sonorité en jouant légèrement buté et en étouffant presque les cordes avec la paume de la main. 
Ça doit être un son très puissant mais voilé et fibreux. Il doit être joué avec assurance et on obtient bien ce son avec l'ongle du 
pouce. Synonyme: massif, grondant. Antonyme: clair. 

[15] Le son sourd est un timbre bien surprenant que Agustin Barrios, guitariste de la première moitié du 20e siècle, utilisait 
dans certaines de ses compositions. Discret, étouffé et percussif, le son sourd évoque chez moi une impression d'éloignement 
et un sentiment de timidité. Pour produire le son sourd, il suffit de frapper les cordes avec toute la longueur du pouce ou du 
majeur droit, en les plaçant perpendiculairement aux cordes, près du chevalet. Le son sourd n'a pas de qualificatif contraire ou 
synonyme. Des équivalents en langue anglaise pourraient être a muted sound et a mufJled sound. 

[16] Selon moi, un son sourd signifie un son à volume moyen et avec peu d'attaque. Jouer vis-à-vis le trou de la guitare et sans 
ongle, donc avec la peau des doigts, serait la façon par laquelle je créerais ce type de son. Le fait de jouer sans ongle diminue 
l'attaque et jouer avec la peau des doigts fait que le son est moins clair donc plus sourd et un peu étouffé. 

[18] Ce timbre évoque l'absence ou le manque de résonance. J'associe cela à la nuance pizzicato. Pour cela, il faut déposer la 
paume droite près du pont de façon à empêcher la corde de résonner sans toutefois altérer la fréquence (hauteur) du son. 
Puisque ce timbre se caractérise par un manque de résonance, les antonymes (timbres résonants) sont trop nombreux pour 
pouvoir identifier un contraire satisfaisant. Sourd pourrait être fermé. En anglais: mufJled, muted 

[19] Sonorité dont l'attaque et la résonance sont beaucoup amoindries soit par l'utilisation de la peau lors de l'attaque ou par 
l'utilisation du pizzicato. Cela donne un son exagérément renfermé. Une atténuation très rapide. 

· Spongieux (3 x) 

• Tight 

[3] C'est un son gras et collant, un peu comme si les cordes (ou le bois) étaient «humides». Ce son se caractérise par une 
attaque forte et assez sonore mais qui a tendance à disparaître assez vite. On obtient ce son en jouant grossièrement avec le gras 
de la peau plus que l'ongle, en pinçant les cordes assez perpendiculairement. Synonyme: ovale. Contraire: clair ou vitreux. 

[12] Chaque note est comme un coussin; comme des boules d'éponge qui bondissent dans l'air. Registre grave ; pizzicato avec 
la pulpe; notes détachées. Synonyme: épais. Antonyme: piquant, perçant. Traduction: spungy. 

[21] On peut qualifier le timbre de « spongieux» avec un jeu pizzicato. On obtient ce son en attaquant la corde avec la pulpe et 
en appuyant la paume de la main sur les cordes tout près du chevalet, ce qui crée un effet rebondissant. Synonyme: 
rebondissant, guimauve. Contraire: pincé, plat. Traduction: rubber. 

[5] Ce terme est tout nouveau dans mon vocabulaire et date du moment où j'ai essayé pour la première fois la guitare de 
lutherie commandée par mon ami. En la jouant, j'ai senti que le bois était neuf et n'avait pas encore vibré; d'où ce sentiment 
que la guitare était serrée. Avec le temps, le bois d'un pareil instrument gagne en souplesse et ouvre tranquillement. La 
caractéristique principale du son d'une guitare tight est la rapidité et le mordant avec lequel elle répond. Il y a très peu 
d'attaque et un son incisif est immédiatement produit. L'autre extrême donnera un instrument élastique et souple. On dirait 
qu'avec ce dernier, un infime délai de plus se glisse entre l'attaque et l'émission du son. Sans vouloir me compromettre, je 
dirais que pareille guitare risque d'avoir un timbre plus rond. 

· Transparent (3 x) 



[1) Son très doux et mince mais quand même clair. Son très fin sans amplitude sonore massive. Doit être joué de façon égale, 
sans variation dans le timbre et émerger un sentiment de douceur, de duvet et d'égalité. Pour réussir cette sonorité, il faut jouer 
juste un peu au-dessous de la rosace avec des doigts un peu «mou» mais en pesant bien toutefois sur les cordes. Il faut penser 
à un mince filament sonore qui apparaît de la guitare. Synonyme : vitré. Antonyme: riche. Traduction: transparent. 

[13) C'est un son qui passe et qui disparaît sans qu'on s'en rende compte. Il faut le jouer selon le contexte de la pièce dans le 
timbre le plus utilisé ou piano pour que le son passe inaperçu. Il faut appliquer une pression normale et égale sur chaque doigt 
pour obtenir une égalité de présence pour chaque note. On emploie ce son surtout dans le mezzopiano et piano. Étant donné 
que la transparence consiste au néant, à l'absence, aucun effet n'est conseillé pour ne pas attirer l'attention sur les notes qui 
doivent être transparentes. Cependant, il faut bien soutenir le son et bien l'articuler et garder l'esprit de la pièce. Synonyme: 
comme le vent. Contraire: métallique. 

[16) La meilleure façon pour moi de décrire ce type de son serait de citer la partie du Prélude 4 de Villa-Lobos jouée 
uniquement avec les harmoniques. C'est ça pour moi un son transparent. C'est léger et il y a une sorte de vide. Les harmoniques 
sont idéales pour créer ce son qui est en fait plus une ambiance pour moi qu'un type précis de sonorité. 

'. Transpercant 

[15) La première fois que j'ai entendu un guitariste flamenco, je suis tombé à la renverse, car je n'avais jamais imaginé à quel 
point il était possible de produire un son transperçant à la guitare. Plus tard, j'ai compris que le guitariste classique pouvait 
très bien produire ce son lui aussi, à condition d'avoir une certaine ouverture d'esprit. Le son transperçant à la guitare évoque 
chez moi des images de marteau qui frappe un clou et même, dans certains contextes, l'image d'une arme à répétition. Pour 
produire un son transperçant, le guitariste doit faire usage du buté de la main droite, favorisant ainsi une attaque plus ferme des 
cordes. Pour obtenir cet effet sonore, il faut aussi veiller à ce que la main droite adopte un angle favorable, permettant l'arrêt du 
doigt en buté sur la corde adjacente, soit un angle plus petit ou égal à 45° par rapport à l'axe transversal de la table d'harmonie. 
Dans un contexte musical, le son transperçant peut être utilisé dans un trait de gamme ou pour faire ressortir davantage 
certaines notes. Selon moi, un qualificatif contraire dans ce cas-ci n'existe pas. Un synonyme pourrait être un son pénétrant. Un 
équivalent en langue anglaise pourrait être a penetrating sound . 

. Vaporeux 

[21) On peut qualifier le timbre de « vaporeux» lorsque le son semble vouloir fuir ou être peu définissable. On obtient ce son 
en frappant sur la table d'harmonie ou sur le chevalet avec le pouce ou les doigts. Contraire : exact, ciblé. Synonyme: 
atmosphérique, évasif. 

. Velouté (7 x) 

[1) Son fibreux et très doux. Très rond, il doit être exécuté avec délicatesse. Évoque une certaine mélancolie, de la délicatesse 
et le calme. C'est en jouant près du manche et avec les doigts courbés et avec beaucoup de finesse qu'on obtient ce son très 
particulier. On a tendance à hausser les épaules lorsqu'on veut faire cette sonorité. 
Synonyme: chaud et rond. Antonyme: sec. Traduction: velvety. 

[4) Pour moi, ce terme veut dire que mon son somme comme une caresse, sans agressivité et permet à des passages lents de 
sonner confortable. On obtient ce son en jouant avec la peau du doigt sans frapper trop fort et en étant au-dessus du trou de 
résonance. Synonyme: duveteux. Contraire: dur, rugueux. Traduction: velvety. 

(12) Qui évoque une texture douce et irrésistible. Tasto; butté; 2e et 3e cordes; angle d'attaque vers la gauche (ie. pour un son 
plus rond). Synonyme : sensuel. Antonyme : crispé. Traduction : velvety 

[13) C'est un son qui cache plein de saveur, de subtilité et qui est très langoureux. Habituellement destiné à une mélodie, mais 
peut aussi être utilisé pour un contrepoint dans un mouvement lent. On doit jouer vers le manche pour une sonorité plus 
douce, toumer le poignet un peu à gauche sans le plier, pour mettre de la pression et, jouer avec douceur pour entendre le moins 
possible l'attaque de l'ongle. Pour la main gauche, il est nécessaire de mettre aussi une bonne pression sous les doigts et 
prendre conscience de la touche pour soutenir le son et ajouter de la lourdeur et de la saveur. Synonymes: mielleux, chocolaté. 
Contraires: rugueux, sec. 

[17) Un son riche et romantique mais qui est tout à la fois lisse et clair. Pour aller chercher un son velouté, il faut tout d'abord 
reproduire le son naturel de la guitare mais aussi aller chercher un peu de clarté. Donc, on pince les cordes dans la position 
naturelle, mais on recule la main un peu vers le pont. La position se trouve entre « naturelle » et « brillante ». Antonyme : 
tasto. Synonyme: chocolaté. Traduction: Velour : a riche and romantic sound, yet if is clear and soft. 

[18) Je qualifierai de velouté, par opposition à résonant, un son privé de hautes fréquences dans un style d'accompagnement 
guitaristique. Au lieu de procéder au rasgado, il convient de brosser les six cordes à l'aide du pouce, rapidement et sans se 
servir de l'ongle. Velouté ou voilé conviennent pour qualifier ce timbre. D'ailleurs, « voilé » n'implique-t-il pas le mot 



« caché », faisant référence à l'absence de hautes fréquences? En anglais: velvet. Le sens du mot voilé serait veiled (comme 
pour femme ou statue) pour conserver le sens du mot « caché ». Comparatifs extraits du Harrap 's shorter . 

(22) (Ang : mellow): son chaleureux, amis avec un volume plus faible et une attaque très douce. Le son est produit de la même 
manière que pour obtenir un son chaleureux pour l'aspect technique du jeu. La main droite doit jouer sur le manche. Le volume 
est donc diminué, et les basses sont légèrement moins présentes. On peut ajouter un jeu legato à la main gauche, pour lier plus 
les notes. Des cordes à filet plat pour une guitare électrique ajouteront de l'emphase pour obtenir ce type de sonorité. 
Synonyme: chocolaté - fudgy. Contraire: acide - bitter. 

'. (Avec) vitalité 

(19) Qui diffuse beaucoup d'énergie. À ne pas confondre avec chaleur, qui semble contenir de l'énergie sans la répandre. Cela 
décrit une intensité qui engendre une sorte de mouvement très rapide dans la résonance. 

:. Vitreux 

(5) Ce qualificatif évoque pour moi un son ayant subi l'influence de certaines innovations technologiques. Le premier exemple 
me venant à l'esprit est une guitare ayant déjà un tempérament clair, sur laquelle on installe des cordes de forte tension ayant 
une tendance à développer une sonorité synthétique (ex: savarez alliance). Mon second exemple serait un album de guitare 
complètement enregistré et mixé en numérique. La netteté se dégageant de cette technologie est parfois telle que la guitare en 
vient aussi à sonner comme de la vitre. Le son ne perd cependant pas du tout de sa luminosité! Curieusement, un fossé semble 
exister entre notre génération (génération numérique) et celle nous précédant (principalement analogique). Ayant grandi avec 
la «pureté» du son l?rovenant du CD, je n'ai aucun problème de tolérance envers une sonorité vitreuse et je dirais même qu'à la 
limite, ça me plaît. A l'opposé, demandez à mon père s'il préfère le son vinyle à celui d'un disque compact et vous pourrez être 
certain que le 33-tours sera placé en premier. J'en viens donc à dire que selon moi, le timbre sonore subit une évolution et 
celle-ci va de pair avec la technologie. Comment sonneront les guitares dans 40 ans? Je ne le sais pas mais probablement que 
moi je vais m'ennuyer de mon son vitreux. L'antonyme de choix serait: chaud . 

. Voilé (3 x) 

(1) Son caché et très fin. Très discret à la rigueur. S'apparente un peu à un son transparent. Lorsqu'on joue ainsi, on doit 
s'approcher légèrement du manche et bien sentir nos ongles glissées sur les cordes. On doit avoir une sensation de glissement 
accrue. Nos ongles doivent être bien lisses et bien coulées sur la corde. Ça doit être joué un peu « tasto » et très délicatement. 
On a une sensation de discrétion et d'intimité. Synonyme : mystérieux. Antonyme: découvert. 

(8) Timbre feutré où les sons sont étouffés pendant leur attaque mais l'étouffoir est relâché dès que les notes sont jouées. Ainsi 
l'attaque est plus fortement entendue, mais comme elle est étouffée, la résonance semble venir après, lors du relâchement. Ça 
donne l'impression d'un hummmm fait par la voix humaine. On l'obtient en plaçant l'extérieur de la paume de la main sur les 
cordes près du pont. On attaque alors la corde avec le pouce en s'assurant qu'il adhère sur elle avec l'ongle et la pulpe. 

(14) Évoque la sonorité d'un instrument avec sourdine. On l'obtient en jouant le plus près possible de la touche (tasto). 
Antonyme: métallique 

. Woody 

(12) Plain but with body; like wooden spoone being snacked together. Natural ; strong mf; entire register; free-stroke; ego 
single notes or plucked chords. Synonyme : hard. Antonyme : lush. Traduction : dur (boisé n'évoque pas le même sens pour 
moi). 
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ABSTRACT 

bis paper presents a frequency-domain technique for estimating 
le plucking point on a guitar string from an acoustically recorded 
gnal. It also includes an original method for detecting the finger
Ig point, based on the plucking point information. 

1. INTRODUCTION 

ecent years have seen great advances in physical model-based 
ynthesis. In these endeavors, knowledge of the physics and acous
cs of the instruments is a theoretical starting point for the model-
19. Certain simplifications can make the models computationally 
'licient and they can then be implemented to run in real-time on 
computer. Since implemented physical models are derived from 
le physics of the instruments, they result in the synthesis of par
cularly realistic instrumental sounds. But if the physical model 
mning on a computer is intended to be played, then research must 
! extended to the performer's action in arder to understand how 
1 interact with the computer model. 

For the particular case of the classical guitar, efficient string 
mthesis algorithms exist and are continually being improved [l, 
,3,4, 5). For the analysis counterpart, research has been under
ken in an attempt to understand the relationships between timbre 
lances and model [6], physical, expressive [7, 8] and psychoa
Justical [9] parameters. 

Among the parameters that can be extracted, the plucking point 
Jsition on the string has a major influence on the timbre nuance. 
he left hand fingering is crucial too. In fact, there are different 
ays to finger chords or play melodies. A particular fingering will 
~ chosen because it is optimal, efficient and easy to hold, or be
IUse it sounds in a particular and desired way. Sorne tones on 
guitar can be played with up to five different combinations of 
ring/fret. So, if a recording is the only information available, 
e fingering that was used by a particular performer is not al ways 
Jvious or apparent. 

In this paper, a frequency-domain technique for estimating the 
ucking point is presented and evaluated. This paper also shows 
at the plucking point information can be used in order ta detect 
e fingering on the left-hand, an important advance toward auto
atic score and tabulature generation. 

2. PERCEPTUAL EFFECT OF THE 
PLUCKING POINT POSITION 

ucking a string close to the bridge produces atone that is softer 
volume, brighter and sharper. The sound is richer in high

~quency components. This happens when playing the guitar sul 
mticello. The other extreme is playing sul tasto, near or over the 
1gerboard, closer to the midpoint of the string. In that case, the 

Plucking 
points 

Figure 1: Location of typical plucking and fingering points on a 
guitar. 

tone is louder, mellower, less rich in high frequency components. 
The neutral position of the right hand is just behind the sound hole. 
Because of the position of the right-hand fingers, the low strings 
are usually plucked further away from the bridge than the higher 
ones. 

3. THEORETICAL CONSIDERATIONS 

3.1. Plucking an ideal string 

The plucking excitation initiates wave components traveling inde
pendently in opposite directions. The resultant motion consists of 
two bends, one moving clockwise and tl1e other counterclockwise 
around a parallelogram. Ideally, the output from the string (force 
at the bridge) will lack those harmonics that have anode at the 
plucking point. Figure 2 illustrates a plucking position at 1/5th of 
the length from one end: the spectrum willlack the harmonics that 
are multiples of 5. 

The general solution of a vibrating string of length 1 with fixed 
ends can be written as the sum of normal modes [10): 

where 

An = w:l l y(x, 0) sin C~x) dx, (2) 

and 

En = ~ l y(x,O) sin C~x) dx. (3) 

So, the amplitude of the nth mode is 

(4) 
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<igure 2: Spectrum of string plucked one-fifth of the distance from 
>ne end [10]. 

An ideal plucking excitation at a distance p from an end and 
vith an amplitude h is such that ail points along the string have a 
ero initial velocity: 

y(x,O) = 0 for ail x, (5) 

nd the string is initially shaped like a triangle with its summit at 
le point (p, h): 

y(x,O) 

herefore, 

h 
-x 
P 

h(l- x) 
l-p 

for 0::; x ::; p 

for p::; x ::; l. 

en = En. 

olving the integral, it can be found that 

(6) 

(7) 

(8) 

(9) 

here R = p/l is the fraction of the string length from the point 
here the string was plucked to the bridge. 

2. Plucking a real string 

real plucking differs from an ideal plucking in the following 
ays. The linger or plectrum exciting the string has a non-zero 
uching width, whieh adds more lowpass filtering to the excita
lll. A real excitation is not an event that can be modeled with lin
rand time-invariant operations. In fact, the linger may grab the 
:ing for a short time, while causing nonlinear or linear, but time
. rying interactions. Also, the modes of the string vibration are 
general nonlinearly coupled so that a mode with zero initial en
gy will begin to vibrate, gaining energy from other modes [11]. 
nally, in the case of an acoustie guitar, the resonating body of 
~ instrument filters the output wave of the string, according to 
~ modes that have been excited (whieh depend on the plucking 
gle and plucking style). The forces parallel and perpendieular 
the bridge excite different Iinear combinations of resonances, 
mlting in tones that have different decay rates [10]. 

4. ESTIMATING THE PLUCKING AND FINGERING 
POINT POSITIONS 

In general the string is not plucked exactly at the node of any of 
the lowest harmonies. Since the amplitudes of the higher harmon
ies is considerably smaller anyway, it is not always possible to 
accurately detect the plucking point by simply searching for the 
missing harmonies in the magnitude spectrum. 

The method that we investigate here for estimating the pluck
ing point, compares the magnitude spectrum of a portion of the 
recorded tone to the ideal string spectra calculated for various pluck
ing position values. The plucking point position corresponding to 
the closest ideal string spectrum is identified. Then the plucking 
point information is used to estimate the lingering point. 

The different stages of the whole procedure are illustrated by 
the block-diagram in Figure 3 and are described in the following 
sections. 

Figure 3: Block-diagram for the estimation of the plucking and 
fingering points. 

4.1. Attack, pitch and peaks detection 

In the first stage, the energy for successive blocks of 512 samples 
is calculated while an increase of the energy by a factor of 2 tums 
a flag on. Since it can happen that the energy increases by a factor 
of 2 two or more times in a row, successive alarms have to be 
eliminated. 

After the beginning of each tone is identified, a section of the 
sampled waveform is chosen for analysis. The starting sample of 
the section is chosen at approximately 1/8th of the distance in 
samples between two attacks. This roughly corresponds to the be
ginning of the stationary part of the sound. 

The spectrum is generated by windowing the waveform and 
performing a long FFT (the number of bins being chosen so that 
two overtone peaks in the spectrum will not overlap) . 

212 (4096) samples from the sound file are extracted, start
ing at the index provided by the attack detector. This length cor
responds to approximately 10 periods for low frequencies. The 
sound portion is windowed with a Hamming window then the FFT 
is computed with a zero-padding factor of 6. 

In order to determine the fundamental frequency, the pitch 
detector looks for a maximum in the spectrum provided by the 
Fourier analysis. Then it checks if another peak exists between 0 
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Hz and sorne frequency below the frequency of the lirst maximum 
found (a quarter of an octave below, for example). This potential 
peak is considered valid if it has at least 75 percent of the height 
of the lirst peak found. 

This simple technique relies on the fact that the lirst peak (at 
the fundamental frequency) is generally the highest peak in the 
spectrum of a guitar tone. Sometimes, the highest peak is the sec
ond harmonie but the fundamental amplitude still remains signili
cant. The above-mentioned check takes care of this special case. 

Then, the harmonies (or overtones) are identilied. Using the 
pitch value determined by the pitch detector, we look for a max
imum in narrow intervals around integer multiples of the funda
mental frequency. 

4.2. Determination of the plucking point 

rhe plucking point is determined from the data by linding the value 
Jf R that minimizes the absolute value of the error between the 
Ideal string magnitude spectrum and the sampled-data spectrum, 
1S shown in equation 10, 

",here pn is the amplitude of the nth peak in the magnitude spec
rum of the recorded tone excerpt. 

An error surface is constructed by evaluating the error criterion 
'or various values of R. The plucking point should correspond to 
ninimum error, as illustrated on Figure 4. 

'igure 4: Error surface for various values of 1/ R. The minimum 
{" the error is chosen as the plucking point. 

A similar method was described in [12], although the equation 
lr en contained a flaw that is corrected here in equation 9 . 

. 3. Determination of the fingering point 

4.3.1. Ambiguity of the guitar fingering 

igure 5 illustrates the ambiguity of the lingering on a guitar. The 
ucking points are represented by x's and the lingering points by 
's. The bridge is the termination on the left and the nut on the 
ght. With a standard tuning EADGBE, the same pitch would be 
"Oduced in the three cases of lingering shown in Figure 5, since 
e linger is moved by 5 frets (corresponding to an interval of one 
~rfect fourth) towards the nut, from the E- to the A- and the A-
the D-string. The absolute plucking point is the same but the 

relative plucking point is dramatically different. In fact, we have 
to consider the new length of the string, from the bridge to the 
left-hand linger pressing the string against the fret. 

Figure 5: Simplified representation of the neck of a guitar with 
plucking points (x) andfingering points (0). The three string/fret 
combinations produce the same pitch (in this case, D-sharp). 

If we assume that the right-hand lingers pluck the strings in a 
narrow area close to the tonehole, the plucking point information 
can help to determine where the strings were lingered, by elimi
nating the above-mentioned ambiguity. 

4.3.2. Generation of afrequency table 

Given the tuning, the number of strings and the number of frets, a 
table offundamental frequencies corresponding to aIl the string/fret 
intersections is generated. For a given string, the frequency is the 
tuning frequency if the string is open (fret 0). Since going a semi
tone up corresponds to a factor 21/ 12 , the other frequencies are 
obtained by muItiplying the tuning frequency by 2F/12, where F 
is the fret index. This is illustrated in Figure 6 whieh displays aIl 
the pitches that can be generated on a guitar with standard tuning, 
as a function of the string index and of the fret index. The vertieal 
coordinate is proportional to log2 of the fundamental frequency, in 
order to linearize the graph in that direction. Points at the same 
height correspond to the same pitch, represented by a note index. 
We can clearly see again the ambiguity that arises because of the 
fact that the same note can be played at different string/fret inter
sections. 

Figure 6: Frequency table based on the tuning, the number of 
strings and the number offrets. 
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4.3.3. Searchfor ail possible string/fret combinations that could 
produce the pUch 

By subtracting the detected fundamental frequency of the tone 
from the frequency table and taking the absolute value of the ele
ments of the resulting matrix, a table of distances is obtained. The 
possible string/fret combinations are determined by searching for 
distances smaller than a quarter of atone, 

(11) 

4.3.4. Searchfor closest plucking point value and determina
tian of the fingering 

For each string/fret combination determined at the previous stage, 
an approximate plucking point is calculated, assuming that the 
plucking is performed near the tonehole, which is at about one 
fourth of the strings' length: 

Dapprox 1 
4 

(12) 

where Dapprox is the plucking point distance from the bridge cor
responding to a point in the region of the tonehole, and 1 is the 
whole length of the string. 

Considering that the len~th of the vibrating portion of a string 
is shortened by a factor 2- 1 12 for each semitone Upl, the approx
'lmate relative plucking point distances can be calculated for ail 
Jossible string/fret combinations: 

Rapprox(i) 
Dapprox 

(13) 
1. (2- 1/ 12 )F(il 

Dapprox/l 1" 1 
2-F (il/12 or 2 = 1, . . . (14) 

Nhere F( i) the fret index of the ith possible string/fret combina
jon. 

Then the Rapprox ratios are compared to the value for R es
imated previously (based on the spectrum profile) and the clos
:st Rapprox will designate the fret/string combination c that is the 
nost likel y. 

4.3.5. Determination of the absolute plucking point distance 

<inally, knowing the fingering position and therefore the length of 
he vibration portion of the string and knowing the relative pluck
ng point position (R), the absolute plucking point distance from 
he bridge can be determined as: 

D = 1 . T F (cl/12 . R (15) 

5. TESTING AND RESULTS 

:.1. Sound database 

n order to test the algorithms, a database of recorded tones was 
reated. Three different guitars were used: 

• a hand-made 1995 Collings acoustic guitar strung with John 
Pearce phosphor bronze medium gauge strings 

1 The string length is inversely propartianal ta the fundamental fre
uency. 

• a plywood classical guitar strung with nylon and nylon
wrapped steel Alvarez strings 

• a 1953 Martin 000-18 acoustic guitar strung with John Pearce 
phosphor bronze light gauge strings 

The tones were played with a plastic pick, .88 millimeters in 
thickness, triangular shaped. The intended plucking points were 
precisely measured and indicated on the string with a marker. The 
tones were recorded with a Shure KSM32 microphone in a sound
deadened room, onto digital audio tape (DAT) at 44.1 kHz, 16 bits. 
The microphone was placed in front of the soundhole, approxi
mately 6 inches away, which was far enough to capture a combi
nation of waves coming from different parts of the string, in that 
way limiting the fiItering effect of the pick-up point. 

Different series of plucks were recorded: plucks at special 
points along the string (1/2, 1/3, 1/4), plucks at every centime
ter from the bridge to the middle of the string on open strings, 
chromatic scales with plucking point distance from the bridge kept 
constant and three-tone melodies fingered in different ways. 

5.2. Results for plucking point estimation on open strings 

Figure 7 displays the results for three distances from the bridge 
(12,13 and 14 cm). 

~: 
j i 

Figure 7: Plucking point distance from the bridge D = 12, 13, 14 
cm. Tones played on the classical guitar. 

The presentation of the resuIts is as follows: 

• left window: Fourier analysis of a 4096-sample portion of 
the sound with peak detection indicated by circles. 

• middle window: error curves for various values of pluck
ing distances D ranging from 1 to 20 cm. The minimum 
is indicated by a circle and the corresponding D value is 
displayed. The resolution of Dis 0.1 cm. 

• right window: comparative display of the detected peaks 
(0) and of the ideal string magnitude spectrum (*) based on 
the intended pluck position. 

This last display was crucial in figuring out a problem of am
plitude mismatch. The measured and ideal spectra have to be 

DAFX-4 



Proceedings of the CaST G-6 Conference on Digital Audio Effects (DAFX-OO), Verona, !taly, December 7-9,2000 

matched in amplitude otherwise the computation of the error does 
not make sense. The code includes an autonormalization with 
alignment on the second harmonic. In fact, the first harmonic of 
the comb filter is always the highest peak, but this is not always 
the case for the real data spectra. 

Figure 8 summarizes the results obtained for the 18 plucking 
points on the open A-string and open D-string. The graph displays 
the estimated distance versus the measured distance on the string 
when the tone was played. The accuracy is better than one cen
timeter. 

I? .11 
""l!llwi"",.dh~ !ol1tr191'1~$plUfk"Jj lin r.ml 

~igure 8: Plot summarizing the results for 18 plucks on open D
md A-strings of the classical guitar. 

;.3. ResuUs for plucking point estimation on fretted strings 

\nother series of tests was performed on a recording of a chro
natic scale on the D-string of the c1assical guitar. The results for 
anes from D to A-sharp are summarized in Figure 9. The perfor
nance of the technique is not as good as in the case of the open 
tring. In particular, notes A and E are the worst cases, with an er
or of 3.8 and 8.3 cm, respectively. This could be explained by the 
act that these two notes are the most commonly used fretted notes 
ln the D-string. Most commonly used frets wear out, making the 
otes "buzz" a !ittle bit. Such a non!inearity would tend to fill in 
le ali-important nulls with harmonic distortion. Another possi
le source of extra distortion on the A and E notes is sympathetic 
~sonance with open strings tuned at these pitches. 

6. FUTURE RESEARCH 

.1. Improvements 

lstead of normalizing the ideal string spectrum by scaling and 
hifting it, a low-order LPC filter derived from the data could be 
pplied to the comb-filter characteristic t9 make it roll off like the 
leasured spectrum. 

Other types of error measures should be investigated. For ex
:nple, instead of forming an error measure which has to be zero, 

Figure 9: Plot summarizing the results for a chromatic scale 
played on the D-string of the classical guitar with plucking point 
distance kept constant at 14 cmfrom the bridge. 

it is probably better to maximize the normalized inner product be
tween the measured flattened spectral envelope (sampled at the 
harmonics) and the sampIed harmonic comb-filter characteristic. 

AIso, other approaches could be taken, such as a time-domain 
technique using autocorrelation measures. 

6.2. Application to the case of the solid-body electric guitar 

The solid-body electric guitar is distinct from the acoustic guitar 
via two important features: (1) its body does not vibrate much, and 
(2) the string output is recorded by pick-up microphones placed 
under the strings. The pick-up systems vary across guitars. There 
can be up to three series of pick-up along the string. The output 
signais can be either added or substracted from one another. The 
timbre is greatly affected by the choice of pick-ups and the way 
they are combined. 

In order to test the error measure on such a signal, the pick-up 
filtering has to be taken into account. This filtering is similar to the 
plucking-point effect. In fact, since we are listening to the string in 
one particular point, the spectrum will miss ail the harmonics that 
have anode at that point. 

If several pick-ups are used, the spectrum of the theoretical 
output signal can be calculated by combining the spectra at the dif
ferent points along the string. The response effect of guitar pickup 
mixing can be easîly modeled and the resulting spectrum only de
pends on the pickup's positions, polarity and balance. 

7. CONCLUSION 

We presented an attempt to solve the problem of estimatîng the 
plucking point on a guitar string from an acoustically recorded sig
nal. 

The implemented technique for estimating the plucking point 
gives very good results for recordings of tones played on unfretted 
strings. The results for fretted strings are not as good, but more 
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testing would probably help to determine the cause and a way to 
compensate for it. 

The original method proposed for estimating the fingering point 
is efficient in ail its stages (attack, pitch and peak detection, deter
mination of possible fret/string intersections) but its performance 
depends on the performance of the plucking point estimation. 
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ABSTRACT 
In this paper, we de scribe a multi-level approach for the 
extraction of instrumental gesture parameters taken from the 
characteristics of the signal captured by a microphone and 
based on the knowledge of physical mechanisms taking place 
on the instrument. We also explore the relationships between 
sorne features of timbre and gesture parameters, taking as a 
starting point for the exploration the timbre descriptors 
commonly used by professional musicians when they verbally 
describe the sounds they produce with their instrument. 
Finally, we present how this multi-level approach can be 
applied to the study of the timbre space of the classical guitar. 

Keywords 
Signal analysis, indirect acquisition of instrumental gesture, 
guitar 

1. INSTRUMENTAL GE STURE 
When musicians playon a traditional musical instrument, they 
usually interact with a control surface made of keys (piano, 
clarinet), strings (violin), mouthpieces (trumpet), reeds (oboe), 
etc. In most cases, many years of motor skills development are 
necessary to control the instrument adequately in order to 
intentionally produce sounds of a given quality or timbre. 

In this paper, we will cali instrumental gesture the actual 
instrument manipulation and playing technique on an 
instrument [2]. We will consider here the effective gesture, 
defined as the pure1y functional level of the notion of gesture, 
i.e., the gesture necessary to mechanically produce the sound 
(like blowing in a flute, bowing on a string, pressing a key of a 
piano and so on). We will cali instrumental gesture 
parameters the parameters characterizing the components of 
the instrumental gesture. They are, for example, the speed of an 
air jet, the location of a pluck along a string, and the pressure 
applied with a bow on a string. The variations of these 
parameters have an effect on the timbre and are usually clearly 
perceived by a trained listener such as a professional musician. 

Considering the case of the guitar and referring to the 
typology established in [2] and [3], plucking is an excitation 
and modification gesture, while fingering is a selection and 
also a modification gesture since the choice of fingering on 
the neck of the guitar (string/fret combination) affects timbre 
as weil. 

2. RELATIONSIDP BETWEEN GESTURE 
AND TIMBRE 
\1usical expression has been traditionally related to 
~xpressive timing and dynamic deviations in performance [8]. 

Less attention has been given to the study of timbre and how i t 
relates to musical expression. This is probably due to the 
difficulty of defining the features of timbre, which are related 
to the physical aspects of sound in very complex ways. On the 
other hand, pitch, duration and volume are perceptual 
phenomena that have fairly simple physical correlates. Here, 
we propose to limit the scope of the study to the aspects of 
timbre that musicians can clearly control, perce ive and 
verbally describe. 

2.1 Perceptual dimensions of an 
instrumental timbre space 
Early studies on instrumental timbre were performed by David 
Wessel and John Grey in the late 1970's [9]. Based on 
similarity judgments, those studies used multidimensional 
scaling algorithms to reduce the number of dimensions in the 
timbre space. Timbrai features such as brightness (associated 
with the spectral center of gravit y), spectral irregularity 
(spectral flux) and transients density were identified. It is 
important to note that these axes were used to differentiate 
between different orchestral instruments-a macroscopic view 
of timbre-as opposed to differentiating between the possible 
palette of timbres in a single instrument-a microscopic view 
of timbre. This is precisely the viewpoint of our approach. In 
particular, we want to identify the dimensions of the timbre 
subspace corresponding to the c1assical guitar, the instrument 
chosen for investigation and validation in this study. 

2.2 Source-mode of timbre perception 
Handel proposed in 1995 an explanation for timbre 
perception, saying that the subjective identification of timbre 
could involve the observer's perception of the physical 
mechanisms and actions in the sound production. This is the 
source-mode of timbre perception, as opposed to the 
interpretative mode of timbre perception [ID]. Other facts 
support this view such as the source-filter model of speech 
perception. It is also interesting to realize that mechanics and 
materials of vibrating systems are the bases for traditional 
Western musical instrument as weil as World instrument 
classification systems (e.g. von Hornbostel & Sachs 
classification in aerophones, chordophones and 
membraphones ). 

Considering the evident relationships between physical model 
constituents, instrumental gesture and perceptual attributes, 
we believe that the gestural information can be accessed via 
the identification of the parameters of a physical model. As i t 
has been done for speech vowels, we propose to define an 
articulatory timbre space for individual musical instruments 
and to de termine the relationships between this articula tory 
space and a perceptual timbre space (as defined by Grey in [9]). 



3. INDIRECT ACQUISITION OF 
INSTRUMENTAL GESTURE 
3.1 Direct vs indirect acquisition 
There are different ways to capture the characteristics of 
instrumental gesture [5]: 

through direct acquisition of physical variables with 
sens ors on the instrument or on the performer, 

through indirect acquisition of performance parameters 
from the analysis of the acoustic signal (namely from a 
recording). 

ln recent years we have seen an important development of 
technologies related to sensors and gestural interfaces. For 
example, many musical instruments can be augmented with 
devices that can monitor the performer's actions (choice of 
keys, pressure applied to a mouthpiece, etc.) and turn it into 
MIDI information. Direct acquisition is clearly a simpler way 
to capture the physical features of a gesture but it is 
potentially invasive and may ignore the interdependency of 
the various variables. For example, sensors on a clarinet could 
detect the air jet speed and the fingering but would not 
account for the coupling between the excitation and the 
resonator. As opposed to direct acquisition, indirect 
acquisition is based on the assumption that the performance 
parameters can be extracted from the signal analysis of the 
sound being produced by an instrument. The main difficulty 
of this task is to determine in the signal the specific acoustic 
signature of a particular performance parameter that has a 
perceivable influence on the sound. 

3.2 From acoustic signal to instrumental 
gesture information 
Most traditional musical instruments are stable during a 
performance, i.e., the acoustical properties of the instrument do 
not change over the time of the performance and an energy 
continuum needs to exist between the gesture and the 
percei ved sound [3]. It is also interesting to note that in the 
case of most traditional acoustic instruments, the gestural 
interface is also part of the sound production unit. For 
instance, the reed, keys and holes of a clarinet are the elements 
the musician interacts with, but they are also responsible for 
the sound production [15]. 

Figure 1 schematizes the exchange of information between the 
three elements of a performance process: the performer, the 
instrument and the listener. Note that a musician is at the same 
time a performer and a listener. 

Gesture 
Perfonner IlIStrument 

Primary feedback 

Verbal 
descnptors 

Figure 1. Interactions between the performer, the instrument 
and the Iistener. 

fhe performer applies a gesture on the instrument, which in 
:urn reacts to the gesture by producing a sound and by 
xoviding the performer with primary feedback, which can be 
visual, auditory (clarinet key noise, for instance) and tactile
dnesthetic [15]. The listener perceives sounds and attaches 
abels to them. Expert performers/listeners are generally able 
o discriminate and intuitively describe a large variety of 
;ounds produced by their instruments. 

In the approach that we propose, the observation point in the 
performance process loop is the acoustic signal, from which we 
extract structural information that allows us to get to the 
gestural information. To generate the data, musicians are 
recorded playing tones with specific gestures, varying one 
gesture parameter at a time. Figure 2 illustrates the procedure 
that we propose to access instrumental gesture information 
from the acoustic signal. 

i Knowle'd~ï~~ï:;~;;:;~~''''! 
! auditory perception and ! 
, cognition : ...... "." ........ ,., ..... , ............ ,,,,, ........ . 

Figure 2. From acoustic signal to instrumental gesture 
information. 

In the first stage of the analysis of the data, basic sound 
parameters are extracted from the acoustic signal, through 
time- and frequency-domain analysis. These low-level 
parameters include the short-time energy (related to the 
dynamic profile of the signal), fundamental frequency (related 
to the sound melodic profile), spectral envelope, amplitudes, 
frequencies and phases of sound partials, and power spectral 
density [16]. Using the knowledge of physical mechanisms 
taking place in musical instruments, physical model 
parameters are derived from the basic sound parameters. These 
parameters generally give direct access to the instrumental 
gesture parameters. 

Finally, in order to understand the effect on timbre of the 
variation of the instrumental gesture parameters, we also use 
perceptual measures, which we could call high-level 
parameters, as opposed to the low-Ievel parameters defined 
earlier. These perceptual measures are also derived from basic 
sound parameters and in particular from the amplitudes of the 
spectral components. They include widely used measures such 
as the spectral centroid, spectral irregularity, odd/even 
harmonie ratio, low/high harmonic ratio, and log-ri se time 
[ID]. These parameters are interesting to examine because they 
are correlated to perceptual attributes such as brightness, 
metallic quality and nasality. A strong correlation can 
generally be found between perceptual attributes and 
instrumental gesture parameters. For example, plucking a 
string closer to the bridge increases brightness. Modifying the 
angle of the air jet on the mouthpiece edge of a transverse fIute 
affects brightness as weil. 

Although this study addresses issues related to the general 
problem of timbre recognition, the approach that we propose 
here for the analysis of instrumental timbre differs from the 
phenomenological approach taken in many timbre recognition 
systems described in the literature (in [6] for example). Timbre 
recognition systems implementing neural networks or using 



principal component analysis require a learning stage, 
meaning that a timbre can only be identified and labeled by 
the system after being compared to other typical examples of 
that timbre. Therefore they do not make explicit the 
relationships between the physical phenomena, the 
performer's actions and the obtained timbre. Here, we rather 
propose to develop analysis tools that use the knowledge that 
we have about the physical phenomenon taking place in the 
musical instrument and its effect on the acoustic signal, 
leading to an analytical model of the interaction between the 
performer and the instrument (cf. Figure 1). 

4. APPLICATION TO EXPLORING THE 
TIMBRE SPACE OF THE CLASSICAL 
GUITAR 
In order to validate the proposed approach for the analysis and 
understanding of the timbre of a musical instrument and its 
relationships with the physical phenomena and the 
performer's gesture, we will present how the approach is 
applied to the study of the timbre space of the classical guitar. 
The dimension of that timbre space that we want to start with is 
the one corresponding to brightness. 

The guitar is an instrument that gives the player great control 
over the timbre. Different plucking techniques involve 
varying instrumental gesture parameters such as (a) the finger 
position along the string, (b) the inclination between the 
finger and the string, (c) the inclination between the hand and 
the string and (d) the degree of relaxation of the plucking 
finger. In [12], the author reports three analysis techniques 
that were used to investigate these four instrumental gesture 
parameters. Among these analysis techniques, Principal 
Component Analysis is used to verify that each of the 
instrumental gesture parameters indu ces significant changes 
in the cepstral envelope. However, it is not clear that this 
methodology can constitute an indirect acquisition system 
because the four sets of guitar tones were analyzed separately. 

[n the approach we propose, we rather want to make explicit the 
~orrespondences between a perceptual timbre space and a 
gestural timbre space of the instrument. 

~.1 Timbre descriptors used by guitar play ers 
A..s a starting point for the exploration of the timbre space, we 
want to inquire about the timbre descriptors commonly used 
by professional musicians. We asked 22 guitarists to define 10 
ldjectives they commonly use to describe the timbre nuances 
they can pro duce on their instrument. We asked the 
Jarticipants to intuitively de scribe the timbre itself ("How 
ioes it sound?") and to describe the gesture associated with it 
:"How do you make it?"). The compilation of these data lead to 
ln inventory of over 60 adjectives. Dark, bright, chocolatey, 
:ransparent, muddy, wooly, glassy, buttery, and metallic are 
iust a few of those adjectives used by guitarists to describe the 
Jrightness, the color, the shape and the texture of their sounds. 

When playing the guitar, the location along the string where 
:he plucking is performed strongly affects the resulting 
:imbre. If the plucking point is closer to the bridge, the sound 
s brighter, sharper, more percussive. If the plucking point is 
;loser to the middle of the string or the soundhole, the 
'esulting sound is warmer, mellower, duller, as expressed by 
!xpert performers/listeners. 

Thin Bright 
saon 

Figure 3. Timbre descriptors and corresponding plucking 
locations along the string according to guitarist Zane 

Remenda (participant in guitar timbre study). 

So, for the case of the guitar, we find that a dimension of the 
gestural timbre space (the plucking position) clearly 
corresponds to a dimension of the perceptual timbre space (the 
brightness). As illustrated on Figure 4, we should be able to 
check this correspondence by calculating the spectral centroid 
of the spectrum, which is a measure on the acoustic signal that 
has been shown to strongly correlate with perceived 
brightness [10]. 
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Figure 4. Factors influencing the timbre of guitar tones. 

Figure 4 also inventories the other factors influencing the 
timbre of tones played on a guitar. Besides instrumental 
gesture parameters (characterizing the plucking and the 
fingering), the materials and the physical features of the 
instrument itself affect the timbre as well, in the sense that 
they constrain the palette of timbre nuances that can be 
achieved by the performer. Finatly, the listening conditions 
also have an impact, due to the particular radiation pattern 
from the instrument, the characteristics of the microphone (in 
the case of a recording) and the acoustics of the room. 



4.2 Acoustic signature of plucking position 
The next step in our approach is to leam about the physical 
phenomenon taking place in the instrument. 

Plucking a string sends an acceleration impulse along the 
string in both directions. Those impulses are reflected at the 
ends of the string (the bridge on one side and the nut or the 
finger on the other side). AlI those impulses combine to form a 
standing wave on the string. The resultant motion consists of 
two bends, one moving clockwise and the other counter
clockwise around a paralIelogram [7]. In the ide al cases, the 
output from the string (force at the bridge) lacks those 
harmonics that have anode at the plucking point. The 
amplitude en of the nth mode of the displacement of an ideal 
vibrating string of length l, with an initial vertical 
displacement h is given by: 

Cn(h, R) 2 th sin(n.7lR) 
n Tt R(1-R) 

(1) 

where R is the relative plucking position, defined as the 
fraction of string length from the point where the string was 
plucked to the bridge [13]. 

The location of the plucking point along a string has an effect 
on the spectrum of the sound that is similar to the effect of a 
comb filter. In fact, in a simple digital physical model of a 
plucked-string instrument, the resonant modes wou Id translate 
into an alI-pole structure, while the initial conditions (a 
triangular-shaped initial displacement for the string and a 
zero-velocity at aIl points) would result in a FIR comb filter 
structure. The delay of this comb filter is related to the time the 
wave needs to travel from the plucking point to the fixed end 
of the string (the bridge or the nut) and back. Therefore, the 
comb filter delay can be expressed as the product of the 
relative plucking position R and the fundamental period Ta. 

The comb filtering effect is illustrated on Figure 5 showing the 
magnitude spectrum of a guitar tone plucked at 12 cm from the 
bridge on a 58 cm open A-string. The relative plucking 
position R is approximately 1/5 ( 12 cm / 58 cm = 1 / 4.83 ). If 
it was exactly 1/5, ail harmonics with indices that are 
multiples of 5 would be completely missing. 
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Figure 5. Magnitude spectrum of a guitar tone plucked at 12 
cm from the bridge on a 58 cm open A-string. 

4.3 Perceptual effect of plucking position 
ln order to understand the effect on timbre of the variation of 
Jarameters related to the performer's actions, we derive 
Jerceptual measures from the basic sound parameters. 

<\s guitarists intuitively associate increasing brightness with 
jecreasing plucking distance from the bridge, we assume that 
t is possible to check this correspondence by calculating the 
;pectral centroid SC of the spectrum: 

(2) 

where Cn is the magnitude of the nth spectral component and fn 
its frequency [10]. Figure 6 displays the plots of the 
theoretical spectra for various plucking distances, calculated 
from the theoretical expression of the amplitude of the 
velocity modes (proportional to n Cn). We can visually notice 
that the center of gravit y of the spectrum would decrease as the 
plucking distance from the bridge increases. 
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Figure 6. Variation of theoretical spectral envelope 
(magnitude in dB vs frequency in Hz) with pIucking position. 
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Figure 7. Variation of spectral centroid with plucking 
distance from the bridge. 

This trend is in fact confirmed by the plot displayed on Figure 
7, showing the spectral centroid of the theoretical spectra 
(shown on Figure 6) as a function of plucking distance from 
the bridge. Also shown on Figure 7 is the spectral centroid 
curve from the spectra of recorded guitar tones played with 
different plucking distances. The real data curve folIows the 
same trend as the theoretical curve although the spectral 
centroid is generally lower. 



4.4 Indirect acquisition of plucking position 
[n order to derive the plucking position from the recording of 
guitar tones, we propose a signal processing method that 
extracts the location of the zeros in the spectral envelope 
starting from a FFT -analysis and a measure derived from the 
autocorrelation. This work adds on to other methods proposed 
previously and reported in [1], [l3] and [14]. 

The autocorrelation function can be very useful to estimate the 
fundamental frequency of a periodic signal, since it should 
show a maximum at a lag corresponding to the fundamental 
period. Figure 8 displays the plots of the autocorrelation 
function calculated for 12 recorded guitar tones plucked at 
various distances from the bridge on an open A-string 
(fundamental frequency = 110 Hz). 
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Figure 8. Autocorrelation graphs for 12 guitar tones plucked 
at distances from the bridge ranging from 4 cm to 17 cm. 
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f?igure 9. Log-correlation graphs for 12 guitar tones plucked 
at distances from the bridge ranging from 4 cm to 17 cm. 

<\s expected, the graphs show a maximum around 1/110 = 

).009 seconds, the fundamental lag of the autocorrelation. One 

can also see that the autocorrelation takes on different shapes 
for different plue king positions but the information about the 
comb filter delay can not be extracted in an obvious way, 
directly from these graphs. 

To increase the negative contribution of low amplitude 
harmonies (around the valleys in the comb filter spectral 
envelope), the log of the squared Fourier coefficients en are 
used to calculate a modified autocorrelation function, that we 
propose to name log-correlation and express as follows: 

T(r)= 610g(C/) cos( 2~n r) (3) 

Figure 9 displays the log-correlation graphs for the same 12 
recorded guitar tones (as for Figure 8), Those plots reveal an 
interesting pattern: the minimum appears around the location 
of the lag corresponding to the relative plucking position. We 
can conclude that the relative plucking position can be 
approximated by the ratio R = Tmin Iro , where Tmin is the lag 
corresponding to the global minimum in the first half of the 
log-correlation period, and To is the lag corresponding to the 
fundamental period To, as shown on Figure 10. 
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Figure 10. Log-correlation for a guitar tone plucked 12 cm 
from the bridge on 58 cm open A-string. 

Figure II summarizes the estimation results for the data set of 
12 tones. Except for a significant error for the first distance (at 
4 cm from the bridge), the estimation is ace urate for ail other 
distances (within 1 cm of error). At 4 cm, R = 4/ 58 = 1 / 14.5 
and the error probably comes from the fact that the spectrum 
con tains only one "zero" over the frequency range that i s 
considered (up to the 15th harmonie). 
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Figure 11. Plucking point estimation with log-correlation 
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5. CONCLUSION 
In this paper, we have proposed a multi-Ievel approach for the 
extraction of instrumental gesture parameters from the 
characteristics of the signal captured by a microphone and 
based on the knowledge of physical mechanisms taking place 
on the instrument. Starting from the timbre descriptors 
commonly used by professional musicians when they verbally 
describe the sounds they produce with their instrument, we 
explore the relationships between sorne features of timbre and 
gesture parameters. Finally, we presented how this multi-Ievel 
approach can be applied to the study of the timbre space of the 
classical guitar. More specifically, we have confirmed the 
relationship between perceived brightness and decreasing 
plucking distance from the bridge (intuitively expressed by 
guitarists) and we have presented a way to extract the plucking 
position from the signal, which is related to the delay of a 
comb filter in the physical modeling of the instrument. 

The search for other relationships between physical model 
constituents, instrumental gesture parameters and perceptual 
attributes would be worth being pursued. Inspired by Grey's 
timbre space study, a multidimensional scaling analysis of 
guitar tones could be useful to determine the dimensions of 
the subspace of guitar timbre nuances. 

This works finds applications in the context of hybrid 
instruments, generating control parameters for physical model 
based synthesizers and automatic tablature generation. 

6. APPENDIX 
The recorded tones that are used in this study were played with 
a plastic pick, 0.88 millimeters in thickness and triangular 
shaped, on a plywood classical guitar strung with nylon and 
nylon-wrapped steel Alvarez strings. The intended plucking 
points were precisely measured and indicated on the string 
with a marker. The tones were recorded with a Shure KSM32 
microphone in a sound-deadened room, onto digital audio 
tape at 44.1 kHz, 16 bits. The microphone was placed in front 
Jf the sound hole, approximately 25 cm away, which was far 
~nough to capture a combination of waves coming from 
:lifferent parts of the string, in that way limiting the filtering 
~ffect of the pick-up point. A 4096-samples portion was 
~xtracted from the middle of the tone (after the attack) and the 
Fast Fourier Transform analysis was performed with zero
padding factor of 8 and parabolic interpolation. The 
magnitudes of the first 15 harmonics were used to calculate the 
log-correlation and the spectral centroid. 
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ABSTRACT 

1is paper focuses on the extraction of the excitation point loca
)fi on a guitar string by an iterative estimation of the structural 
lfameters of the spectral envelope. We propose a general method 
estimate the plucking point location, working into two stages: 

arting from a measure related to the autocorrelation of the sig
LI as a tirst approximation, a weighted !east-square estimation is 
;ed to retine a FIR comb tilter delay value to better tit the mea
lred spectral envelope. This method is based on the fact that, in 
simple digital physical model of a plucked-string instrument, the 
sonant modes translate into an ali-pole structure while the initial 
mditions (a triangular shape for the string and a zero-velocity at 
1 points) result in a FIR comb tilter structure. 

1. INTRODUCTION 

mong the instrumental gesture parameters that contribute to the 
nbre of a guitar sound, the location of the plucking point along 
e string has a major influence. Plucking a string close to the 
'idge produces atone that is softer in volume, brighter and sharper. 
he sound is richer in high-frequency components. This happens 
hen playing the guitar sul ponticello. The other extreme is play
g sul tasto, near or over the tingerboard, closer to the midpoint 
, the string. In that case, the tone is louder, rounder, mellower, 
ss rich in high-frequency components. 

2. PLUCKING A STRING AND COMB FILTERING 

he plucking excitation initiates wave components travelling in
~pendently in opposite directions along the string. The resultant 
lotion consists of two bends, one moving clockwise and the other 
)unter-clockwise around a parallelogram [1]. In the ideal cases, 
le output from the string (force at the bridge) lacks those harmon
s that have anode at the plucking point. 

l ....................................................... 
p 

igure 1: Plucking point at a distance p from the bridge and fin
ering point at distance 1 from the bridge on a guitar neck. 

The amplitude ê n of the nth mode of the displacement of an 
ideal vibrating string of length 1 plucked at a distance p from the 
bridge with an initial vertical displacement h is given by : 

A 2h 
Cn(h,R) = n 2Jr2R(1- R) sin(nJrR) (1) 

where R = pli is the relative plucking position, detined as 
the fraction of the string length from the point where the string 
was plucked to the bridge [2]. ê n is considered here to be a model 
of the amplitude, hence the hat n while Cn represents measured 
values or observed values. 

The digital signal processing interpretation of the physical phe
nomenon is the following: in a simple digital physical model of a 
plucked-string instrument, the resonant modes translate into an all
pole structure, while the initial conditions (a triangular shape for 
the string and a zero-velocity at ail points) result in a FIR comb til
ter structure. At a sampling rate fs, the magnitude of the frequency 
response of such a tilter is given by 

where the delay d can be a non-integer number of samples. This 
delay corresponds to the time the wave needs to travel from the 
plucking point to the tixed end of the string (the bridge or the nut) 
and back (2p). As the fundamental period To corresponds to the 
time the wave needs to travel along a distance that is two times the 
vibrating length of the string (2l), we obtain the relation 

(3) 

where D = dl fs is the delay expressed in seconds. This relation
ship between the comb tilter delay D and the relative plucking po
sition R is at the basis of the anal ogy between the physical model 
(Eq. 1) and its digital signal processing interpretation (Eq. 2). In 
fact, it is possible to verify that the arguments of the sine functions 
in equations 2 and 1 are equivalent: 

The comb tiltering effect is illustrated on Figure 2 for a recorded 
guitar tone plucked 12 cm away from the bridge on a 58 cm open 
A-string (fundamental frequency = 110 Hz). The relative plucking 
position R is approximately 1/5 (12 cm / 58 cm = 1.483). If it was 
exactly 1/5 and if the string was ideal, ail harmonies with indices 
that are multiples of 5 would be completely missing. 

DAFX-1 
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~ure 2: Magnitude spectrum of a guitar tone, plucked at 12 cm 
m the bridge on a 58 cm string, showing the effect of the comb 
ering with relative plucking position R close to 1/5. 

3. ESTIMATION OF COMB FILTER DELAY 

simple way to estimate the plucking point location along the 
"ing from a recording could be to look for the missing harmon
; in the spectrum (Cn = 0). However, the string is usually not 
lIcked exactly at a node of any of the lowest harmonies. That is 
ly we propose in this paper a more general method to estimate 
e plucking point location, working into two stages: starting from 
measure related to the autocorrelation of the signal as a first ap
oximation, a weighted least-square estimation is used to refine 
e comb filter delay value to better fit the measured spectral en
~lope. This work builds on other methods proposed previously 
Id reported in [3], [2] and [4], and can be easily extended to any 
tuation that involves a comb filter. 

1. First Approximation from Log-Correlation 

he autocorrelation function a(T) of a periodie signal x(t) with 
mdamental period Ta can be expressed in terms of its Fourier 
~ries coefficients Cn in the following way: 

2 1 ~ 2 (27r ) a(T) = Co +"2 ~ Cn cos Ta nT (5) 

While the long-terrn features of the autocorrelation function 
an be very useful to estimate the fundamental frequency of a pe
odic signal (since it should show a maximum at a lag correspond-
19 to the fundamental period Ta), its short-terrn evolution can also 
~ll us something about the plucking position. 

Fig. 3 displays the plots of the autocorrelation function calcu
lted for 12 recorded guitar tones plucked at various distances from 
le bridge on an open A-string (fundamental frequency = 110 Hz). 
I.S expected, the graphs show a maximum around 1/110 = 0.009 
econds, the fundamental lag of the autocorrelation. One can also 
ee that the autocorrelation takes on different shapes for different 
,lueking positions but the information about the comb filter delay 
an not be extraeted in an obvious way, directly from these graphs. 
\s we want to detect the low amplitude harmonies, we modify 
he structure of the autocorrelation function by taking the log of 
he square of the Fourier coefficients (and by dropping the De 
~omponent). This emphasizes the contribution of low amplitude 
Iarmonies (around the valleys in the comb filter spectral envelope) 
)y introducing large negative weighting coefficients. The obtained 
og-correlation is expressed as follows: 

N 

f(T) = ~log(C~)cos (~:nT) (6) 
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Figure 3: Autocorrelation graphs for 12 guitar tones plucked at 
distances from the bridge ranging from 4 cm to 17 cm. 
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Figure 4: Log-correlation graphs for 12 guitar tones plucked at 
distances from the bridge ranging from 4 cm to 17 cm. 

Fig. 4 displays the log-correlation graphs for the same 12 reeorded 
guitar tones (as for Fig. 3). As expected, those plots reveal an inter
esting pattern: the minimum appears around the location of the lag 
corresponding to the plucking position. Therefore, we can con
clude that the relative plucking position ean be approximated by 
the ratio 

R 
Tmin 

~--

Ta 
(7) 

where T min is the lag corresponding to the global minimum in the 
first half of the log-correlation period, and Ta is the lag correspond
ing to the fundamental period Ta, as illustrated on Fig. 5. 

A first approximation ho for the vertical displacement h is also 
needed in order to initialize the weighted least-square procedure. 
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'ligure 5: Log-correlation for a guitar fone plucked 12 cmfrom 
he bridge on a 58 cm open A-string. Ratio 2:m..i.n. provides afirst 
lpproximationfor relative plucking position R~o 

'10 can be determined from the first approximation Ra of R and the 
otal power of the harmonie components in the observed spectrum 
~ 0 2 
~nElw n, 

(8) 

1 w refers to the set of harmonics that are given a significant 
'1eight in the second stage of the approximation (as described in 
he next section). 

1.2. Iterative Refinement of R Value using Weighted Least
Iquare Estimation 

~he second stage of the estimation consists in finding the values 
If h and R that minimize the distance between the theoretical ex
Ires sion of the ideal string magnitude spectrum ên (h, R) (Eq. 1) 
md its observation On(h, R). In fact, as illustrated on Fig. 6, we 
ather use the power coefficients 0'; for whieh it is not necessary 
o recover the phase (the phase of On being 0 or 'Ir). 

Figure 6: Estimation of comb filter delay in two stages. 

ê,; (h, R) is proportional to h2 and sin2 (n'lr R) and is there
:lre a non !inear expression in terms of h et R. A least-square esti
mtion technique can still be used after !inearizing ê,; (h, R) with 
first order Taylor's series approximation about a first approxima
on Ra of R and ha of the height h of the string displacement. It 
:ads to an expression of ê,; (h, R) as a !inear combination of the 
NO correcting values !1h = h - ha and!1R = R - Ra (omitting 

the 2/'lr2 factor): 

ê~(h, R) = ê~(ha, Ro) + Œn!1h + /3n!1R (9) 

where 

In matrix forrn, Eq. 9 can be expressed as 

[ê~(h, R) - ê~(ho, Ro)] 

y 

[Œn /3n]' [ ~~ ](10) 

AX (11) 

where Y is the vector of differences between the estimated 
power spectrum and its first approximation. Since A is a N x 
2 matrix, the solution to Eq. 11 can be obtained using pseudo
inverse (AT A) -1 AT or, for better results, its weighted version 
(ATW A)-l ATW where W is a (N x N) diagonal matrix con
taining the weights for the least-square errors. The weighting func
tion can be used to select particular ranges of frequencies or re
ject components that are known for deviating from the theoretical 
comb filter model (near resonant frequencies of the guitar body 
for example). A good weighting curve is one that combines a bell 
curve and a positive sloped ramp. The bell curve increases the 
contribution of the components in the valleys of the spectrum and 
the ramp gives more weight to higher order and weaker harmonics 
over the whole range of the spectrum. 

Finally, the correcting values for h and R are obtained with 

minimizing the distance between the model and the observation 
Ilê; - 0;11 in a least-square sense. Then, the two parameters R 
and h are iteratively refined using ha +!1h and Ro +!1R as second 
approximations and so on. 

Between 3 to 10 iterations are generally needed to converge 

with a criterion error E = 1 Rk-R~k-l 1 < 0.001. As expected, 

the number of iterations decreases with the accuracy of the first 
approximation. If the first approximation is very rough (E ~ 0.5), 
the number of iterations can increase to about 40 but the algorithm 
still converges to the right value of R (and h). 

Fig. 7 displays the plots of the power spectrum of the 12 gui
tar tones together with the profile of the comb filter before and 
after iterative refinement. Fig. 8 displays the graph of the esti
mated plucking position fi vs the actual distance from the bridge p 
in centimeters for the 12 guitar tones. The diagonal!ine indieates 
the target of the estimation (the actual value). The upper window 
displays a first approximation (obtained with log-correlation for 
example). The lower window shows the improvement achieved 
after refinement of R value using weigthed !east-square estima
tion. For this data set, the average error is 0.78 cm for the first 
approximation and then is reduced to 0.18 cm after refinement. 
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igure 7: Power spectra of 12 recorded guitar tones with superim
:Jsed comb filter model. First approximation plotted with a dark 
~shed Une and final estimation plotted with a Ught gray Une. 

4. CONCLUSION 

his paper proposes an efficient method for the extraction of the 
(citation point location on a guitar string from a recording. It 
based on the assumption that the power spectrum of a plucked 

ring tone is comb-tilter shaped. The plucking point location is 
;timated in two stages. Starting from a measure related to the 
ltocorrelation of the signal as a tirst approximation, an iterative 
'eighted least-square estimation is used to retine the comb tilter 
~Iay value to better tit the measured spectral envelope. 

Many applications can benetit from the algorithm, especially 
1 the context of automatic tablature generation and sound synthe
s (extraction of control parameters). This technique can also be 
;ed to derive the value of the delay of any kind of comb tilter 
om the spectral peak parameters. 

5. APPENDIX 

he recorded tones that are used in this study were played with 
plastic pick, 0.88 millimeters in thickness and triangular shaped, 
1 a plywood classical guitar strung with nylon and nylon-wrapped 
eel Alvarez strings. The intended plucking locations were pre
sely measured and indicated on the string with a marker. The 
Ines were recorded with a Shure KSM32 microphone in a sound
~adened room, onto digital audio tape at 44.1 kHz, 16 bits. The 
.icrophone was placed in front of the sound hole, approximately 
; cm away, which was far enough to capture a combination of 
aves coming from different parts of the string, in that way limit
.g the filtering effect of the pick-up point. A 4096-samples por-

FIRST APPROXIMATION 
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Figure 8: Estimated vs actual plucking distances before (top win
dow) and after (bottom window) refinement of p value using itera
tive weighted [east-square estimation. 

tion was extracted from the middle of the tone (after the attack) 
and the Fast Fourier Transform analysis was performed with zero
padding factor of 8 and parabolic interpolation. The magnitudes of 
the tirst 15 harmonies were used to calculate the log-correlation. 
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ABSTRACT 

=lassical guitarists vary plucking position to achieve different tim
xes from nasal and metallic -closer to the bridge -to round and 
nellow -closer to the middle of the string. An interesting set of 
:imbre descriptors commonly used by guitarists seem to refer to 
)honetic gestures : thin, nasal, round, open, ... The magnitude 
;pectrum of guitar tones being comb-filter shaped, we propose to 
;ee the local maxima of that comb filter structure as vocal for
nants. When guitarists talk about a guitar sound as being round, it 
IVould mean that it sounds like a round-shaped-mouth sound such 
ts the vowel/OI. Although the acoustical systems of the guitar and 
)fthe voice mechanism are structurally different, we highlight the 
'act that guitar tones and a particular set of vowels display similar 
'ormant regions. We also investigate the possibility of applying 
:ome distinctive features of speech sounds to guitar sounds. 

1. INTRODUCTION 

\mong the instrumental gesture parameters that contribute to the 
imbre of a guitar sound, the location of the plucking point along 
he string has a major influence. Plucking a string close to the 
,ridge produces atone that is brighter and sharper, generally richer 
n high-frequency components. When playing near or over the fin
:erboard, closer to the midpoint of the string, the tone is rounder, 
nellower, less rich in high-frequency components. This correla
ion between plucking position and brightness is well-known and 
cknowledged by most guitarists and coarsely describes the tim
Irai palette of the instrument. Beyond brightness, guitarists seem 
) be sensitive to the vocal aspect of guitar tones. In this paper, we 
ttempt to identify the acoustical basis to sorne perceptual analo
ies between guitar and vocal sounds and show that sorne of the 
imensions of the timbre subspace for guitar can be borrowed from 
Je phonetics domain. In sections 2 and 3, we present the comb fil
~ring effect associated with the plucking excitation, then we iden
Jy the local maxima of the comb filter as formants. In section 4, 
le compare guitar and voice acoustical systems and formant struc
lres. Finally, in section 5, we show how and why sorne distinctive 
!atures of speech sounds can be applied to guitar sounds. 

2. PLUCKING A STRING AND COMB FILTERING 

'he plucking excitation initiates wave components travelling in
ependently in opposite directions along the string. The resultant 
lotion consists of two bends, one moving clockwise and the other 
)unter-clockwise around a parallelogram [1]. In the ideal cases, 
le output from the string (force at the bridge) lacks those harmon
:s that have anode at the plucking point. The amplitude Cn of the 
th mode of the displacement of al) ideal vibrating string of length 

l ..................................................... 
p ................. 

Figure 1: Plucking point at a distance p from the bridge and fin
gering point at distance 1 from the bridge on a guitar neck. 

1 plucked at a distance p from the bridge with an initial vertical 
displacement h is given by : 

Cn(h,R) = n27r2~~ _ R) sin(n7rR) (1) 

where R = pli is the relative plucking position, defined as 
the fraction of the string length from the point where the string 
was plucked to the bridge [2], as illustrated on Figure 1. 

The digital signal processing interpretation ofthe physical phe
nomenon is the following: in a simple digital physical model of 
a plucked-string instrument, the resonant modes translate into an 
ali-pole structure (i.e. the harmonic structure of the signal), while 
the initial conditions (a triangular shape for the string and a zero
velocity at ail points) result in a FIR comb filter structure of the 
type y[n] = x[n] - x[n - d] (i.e. the spectral envelope structure 
of the signal). As the fundamental period To corresponds to the 
time the wave needs to travel along a distance that is two times the 
vibrating length of the string (21), the relation between the comb 
filter delay D and the relative plucking position Ris [3]: 

D = 2p = R 
To 21 

(2) 

The comb filtering effect is illustrated on Figure 2 for a recorded 
guitar tone plucked 12 cm away from the bridge on a 58 cm open 
A-string (fundamental frequency = 110 Hz). The relative plucking 
position Ris approximately 1/5 (12 cm 158 cm = 1,483). 

3. COMB FILTER FORMANTS 

Considering a string of length 1 plucked at a distance p from the 
bridge and resonating at fundamental frequency fo, the frequency 
Ft of the tirst local maximum in the comb-filter shaped magnitude 
spectrum equals the inverse of twice the delay D from Eq. 2: 

(3) 
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Figure 2: Magnitude spectrum of a guitar tone, plucked at 12 cm 
'rom the bridge on a 58 cm string. 

The other local maxima (F2 , F3 , ... ) in the magnitude spec
rum are odd integer multiples of H. We propose ta see those 
'requencies Fn as the central frequencies of comb filter formants. 
'Iere we consider the literai definition of a formant, i.e. a fre
luency range in which amplitudes of spectral components are en-
13nced. In most cases, formant regions are due ta resonances but 
n the present case, the local maxima do not correspond ta res
>nances per se but rather to anti-notches. An interesting fact is 

00 100200 
fo 

400500600 800 1000 1200 1400 
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'igure 3: Comb-filter shaped magnitude spectrum of a plucked
tring tone with fundamental frequency of 100 Hz and relative 
'lucking position of 1/5. Zeros occur at integer multiples of 5 x 
00 = 500 Hz and local maxima occur at odd integer multiples of 
50Hz. 

lat the formant frequencies Fn are constant for a given absolute 
lucking position p on a given string, regardless of the note be-
19 played. For example, ta play a note that is, say, a third higher 
lan the open string frequency, the vibrating length of the string 
i shortened by a (5:4) factor by pressing the string with a finger 
gain st the corresponding fret. More general!y, calling Œ the trans
osition ratio, the fundamental frequency fo is multiplied by the 
Itio Œ while the string length 1 is divided by the same ratio Œ. By 
simple inspection of Eg. 3 giving FI as a function of fo and l, 
'e can see that the Œ'S will cancel each other. This al! makes sense 
)nsidering that the product lfo is a constant for a given string and 
iuals half the speed of sound c (being egual ta the square root of 
le ratio of string tension and Iinear mass density). Therefore, H 
ln also be expressed as the ratio c/4p. 

Using Eg. 3, we can determine the usual ranges of freguencies 
lr the first formant freguencies FI of the different strings of a 
litar. We will consider a range of absolute plucking position p 
}ing from 3 to 30 cm from the bridge on 60 cm strings tuned 

with the standard tuning. We find that the range for FI goes from 
fa (at 30 cm from the bridge) up ta lOfo (at 3 cm from the bridge). 

Str. Notename Tuning Range for first 
# freguency formant freguency 

6 E (MÎ2) 83 Hz [83 -> 830] Hz 
5 A (La2) 110Hz [110 -> 1100] Hz 
4 D (Ré3) 146Hz [146 -> 1460] Hz 
3 G (Sob) 202Hz [202 -> 2020] Hz 
2 B (Sb) 248 Hz [248 -> 2480] Hz 
1 E (Mi4) 330Hz [330 -> 3300] Hz 

Finally, since we have talked about the comb filter local max
ima as being formant regions, we will specify the bandwidth of 
those formants. The magnitude spectrum being proportional ta a 
sine function, we conclude that the 3dB-bandwidth eguals H (fre
quency range corresponding to a [71'l4,371'l4] phase range). For 
example, the bandwidth is 250 Hz for the case illustrated on Fig
ure 3. This is wider than the bandwidth of a usual vowel formant. 

4. ANALOGIES BETWEEN GUITAR TONES AND 
VOWELS 

4.1. Comparing guitar and voice acoustical systems 

It is well-known that the recognizable guality of vowel sounds 
is due to the existence of formant regions, which are frequency 
ranges where the sound is enhanced by the cavity resonances of 
the human vocal tract (among the oral, labial and nasal cavities). 

In his book Sound Colorl
, Slawson reviews the research that 

has investigated vowel-like resonances in some musical instruments 
[4]. He notes that most musical instruments have sources that are 
driven by the resonance systems of the horns, strings, or mem
branes that make this instrument and that there is little in those 
systems, apparently that is vowel-like. He refers to Jansson [5] 
who has compared the bow-string system to the vocal source and 
the resonance box ta the vocal-tract filter system. The analogy 
was not very successful. Sa at the time Slawson has ruled out mu
sical instruments as models for sound color because of the strong 
coupling between source and filter: there may be some basis for 
studying the sound color ofmusical instruments if other decoupled 
resonance systems are discovered (p.157 in [4]). In a source/filter 

r.il ~ 
u ~ o vocal chords vocal tract 

-~---I source 1-1----11111>11 [ilter 
~ .. <>: guttar strmg glular body 
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vowel 

1----..... 8-----
guitar sound 

Figure 4: The source/filter model of the vocal mechanism and of 
the guitar. 

model of the vocal mechanism, the source is the glottal excita
tion produced by the vocal chords and the filter corresponds ta the 
cascade of resonators formed by the vocal tract. The acoustical 

1 For Slawson, sound col or is an aspect of timbre pertaining ot the 
steady-state portions of sounds. 



system forming a guitar could also be decomposed into a source 
and a filter. The string couples via the bridge into the resonating 
body which is needed for coupling to the surrounding air. Spon
taneously, we can say that the string is the source and the guitar 
body, the filter, expecting that, as it is the case for the vocal mech
anism, the formant structure belongs to that filter. In fact, we found 
that the vowel-like formant structure is due to the localized pluck
ing excitation point (resulting in a comb filter effect) rather than to 
the main resonances of the body which oceur at quite low frequen
cies, around 100 or 200 Hz. On the other hand, the comb filter 
effect for a guitar string is characterized by odd formant frequen
cies (F2 = 3 x H, F3 = 5 x H, etc.). Vowels show similar 
patterns in their magnitude spectrum since the vocal tract is, in 
first approximation, a tube closed at one end, also favoring odd 
resonant frequencies. In conclusion, we believe it is not necessary 
to find strong similarities between the acoustical systems, i.e. be
tween the causes of the sounds. It is enough to find similarities 
iJetween the acoustical signatures of the sounds produced by those 
,ystems, Le. between the effects, independently of the cause. 

t2. Comparing guitar and vowel sounds formant structures 

fhe first two or three formants are generally sufficient to iden
:if y vowel sounds. We have synthesized vowel-like sounds with 
:wo formants located where the first two local maxima in a comb
'ilter structure would be, i.e. the second formant frequency equals 
:hree times the first formant frequency: F2 = 3 X FI with FI 
= 1000, 800, 600, 400 and 200 Hz. The five magnitude spectra 
ire displayed on Figure 5. These are the formant patterns that we 
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'igure 5: Twojormant spectral envelopes of five "guitar vow
>ls". The table specifies the central frequency, the amplitude et 
he bandwidth of eachformant. 

vould obtain for a string with length 1 = 60 cm and fundamen
al frequency Jo = 200 Hz plucked successively at 6, 7.5, 10, 15 
.nd 30 cm from the bridge (cf, Eq. 3). This sequence of sounds 
imulates the narrowing of the comb-filter structure when mov
ng the plucking position from the bridge to the midpoint of the 
tring. The synthesized sounds are perceived as close to lrel (as in 
'at), lAI (as in but), lOI (as in bought), loi (as in boat), lui (as in 
>oot), At this point, we can already draw attention to the shape of 
1e mouth forming those vowels, as illustrated on Figure 6. When 

plucked close to the bridge, the string produces a sound that is as
sociated with a thin-shaped mouth. Moving closer to the tonehole, 
the mouth seems to open up to a round shape. Then, from the tone
hole to the midpoint of the string, the mouth closes progressively 
while keeping a more or less round shape. At midpoint, the guitar 
sound lacks all even harmonics. In fact, perceptually, the sound 
is generally described as hollow and sorne guitarists will cali it a 
bassoon sound or a pipe sound. Note that the transitions from a 
thin-shaped mouth to a round-shaped mouth and then to a closed 
mouth are the same transitions that one would have to go through 
in a continuous way to imitate the sweeping fianging effect of a 
landing airplane, for examp\e. As we noted at the end of section 

Figure 6: Phonetic gestures associated with plucking positions. 

3, the bandwidth of the lobes of a comb filter is much larger than 
the bandwidth of vowel formants. The closer to the bridge the 
plucking position is, the wider the comb filter formants are. This 
could explain why guitar tones are perceived as more nasal when 
plucked closer to the bridge since one of the main effects of adding 
the nasal cavity to the main oral pathway is the broadening of all 
formant bandwidths and the fiattening of spectral peaks [6]. 

5. APPLICATION OF THE DISTINCTIVE FEATURES OF 
SPEECH SOUNDS TO GUITAR SOUNDS 

Professional guitarists perceive subtle variations in the tones they 
produce and they have developed a very ri ch vocabulary to de
scribe those timbre nuances. An interesting set of timbre descrip
tors seem to refer to phonetic gestures such as, for example, oval, 
round, thin, open and hollow. Supported by the analogi.es that we 
found at the signal level, we will show, in this section, how and 
why the distinctive feature theory can be applied to guitar sounds. 

The distinctive feature theory, proposed by Jakobson, Fant and 
Halle in 1951 and then later revised and refined by Chomsky and 
Halle in 1968 [6], codifies certain long-standing observations of 
phoneticians by hypothesizing that many sounds of speech can be 
placed in categories based on the presence or absence of certain 
distinctive features: whether the mouth is open, whether there is a 
narrowing of the vocal tract at a particular place, whether a con
sonant is aspirated. Jakobson, Fant and Halle detected twelve in
herent distinctive features in the languages of the world. In his 
book Sound Color, Slawson designated three of the features re
lated to vowels (compactness, acuteness and laxness) as candi
dates from which to derive dimensions of sound color. Figure 7 
displays the equal-value contours for those features in a (FI, H) 
plane 2. According to Slawson, OPENNESS (replacing the term 

2Instead of using the International Phonetic Alphabet, Slawson decided 
to adopt a two-letter convention that he believes to be more evocative of 
most English speakers phonetic intuitions, 
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Figure 7: Equal-value contours for three distinctive features of 
~peech in the (FI, H) plane [4J with superimposed "guitar vow
?ls" trajectory (dotted Une) corresponding to the relationship 
F'2 = 3 x H. 

:ompactness given in [6]) is named for the tube shape with which 
t is correlated. The approximate acoustic correlate of OPENNESS 
s the frequency of the first resonance. ACUTENESS reflects its 
:onnotation of high or bright sound. It increases with increasing 
'requency of the second resonance. Finally, LAXNESS is said to 
:orrespond to a relatively relaxed state of the articulatory muscu
ature. The equal LAXNESS contours are c10sed curves in the 
H,F2) plane centered on the maximally LAX point (or mini
nally tense point). This central point correspond to the formant 
ralues that would arise, in theory, from the vocal mechanism in 
he position to which it is automatically brought just before begin
ling to speak. This is the neutral position of vocal tract which can 
)e best approximated by a single tube c10sed at one end. Since a 
ube of length L c10sed at one end can only resonate at frequencies 
'or which L is an odd multiple of one quarter wavelength and since 
he average length of the vocal tract of males is about 17.5 cm, the 
esonances appear at approximately 500, 1500, 2500 Hz, etc. We 
letermined that the formant pattern of this neutral vowel is actu
Lily found in the magnitude spectrum of a guitar tone produced 
>y the third string (Jo = 202 Hz) when it is plucked 12 cm from 
he bridge (assuming the string open and 60 cm long). More pre
:isely, from Eq. 3, we find that the first formant frequency equals 
'g ~ îg2 = 505 ~ 500 Hz. The second formant is centered ap
,roximately on 3 x 500 = 1500 Hz, the third on 2500 Hz, and so 
m. 

Slawson daims that the dimensions of OPENNESS, ACUTE
IfESS, and LAXNESS are fundamental biological features serving 
orne pre-speech function that are part of the auditory processing 
If ail sounds. This is in fact what we have noticed when examining 
he timbre descriptors commonly used by guitarists. Although the 
. nalogy with vowels does not tend to be conscious, a large set of 
djectives seem to refer to phonetic gestures. Applying the distinc
ive features of speech, we could infer that the adjectives closed, 
ound, large, open indicate different degrees of OPENNESS. The 
djectives thin and round would be opposites along the ACUTE
mss dimension. A warm or chocolatey sound would likely be 
ssociated with the maximaIJy LAX point. In fact, a warm sound 
ould Iikely evoke the sound one makes when exhaling warm air, 
sually with the vocal tract in the neutral position. Finally, a hol
JW or cavernous sound would actually sound like the u vowel 
roduced as the mouth forms a holJow cavity. 

The trajectories that we plotted with a dotted line on top of 
lawson's equal-value contours for distinctive features of speech 
1 Figure 7 correspond to the relationship F2 = 3 X FI, which 

is found for the first two local maxima of a comb tilter. In that 
way we can see what are the achievable vowels with a guitar string 
when varying the plucking position from the middle of the string 
(uu region) to the bridge (ee region or further up depending on fun
damental frequency of the string). For a given string, the absolute 
plucking position p will determine the vowel color, independently 
of the note that is played. Knowing that, we can determine the 
set of vowels corresponding to plucking ail strings 12 cm away 
from the bridge (if strings are 60 centimeter long). The table be
low gives the first formant frequency (calculated with Eq. 3) for 
each string together with the c10sest sound color and correspond
ing IPA symbol. Note that vowel color is maintained for any note 
on a given string except for relative plucking position R = 1/2 
which is the case of an odd-harmonic only spectrum, perceived as 
a distinct timbre. 

Str. First formant frequency for Sound IPA 
# p = 12 cm and l = 60 cm col or symbol 

6 (30 x 83)/12 = 207.5 Hz uu u (boot) 
5 (30 x 110)/12 = 275 Hz oe !Il (bose) 
4 (30 x 146)/12 = 365 Hz 00 o (boat) 
3 (30 x 202)/12 = 505 Hz ne ::l(the) 
2 (30 x 248)/12 = 602 Hz ee e (bait) 
1 (30 x 330)/12 = 825 Hz ae le (bat) 

6. CONCLUSION 

In this paper, we attempted to identify the acoustical basis of the 
perceptual analogies between guitar tones and vowels by high
lighting the fact that both types of signal display similar formant 
structures. Deriving timbre dimensions from phonetics, we also 
c1arified the vocabulary used by guitarists to describe timbre. 
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ABSTRACT 

We discovered that a set of verbal timbre descriptors commonly used 
by guitarists refer to phonetic gestures : open, oval, round, thin, 
closed, nasal, hollow, ... Indeed, the magnitude spectrum of guitar 
tones is comb-filter shaped, and we propose to con si der the local 
maxima of this comb filter structure as vocal formants. When gui
tarists describe a guitar sound as round, it would mean that it sounds 
like a vowel produced with a round-shaped mouth, such as the vowel 
[J]. In this paper, we report an experiment that was conducted in or
der to verify the perceptual analogies between guitar sounds and 
vocal sounds, based on the analogies that we found at the spectral 
level. In the experiment, participants were asked to associate a con
sonant to the attack and a vowel to the release of guitar tones. These 
analogies support the idea that sorne perceptual dimensions of the 
guitar timbre space can be borrowed from phonetics. 

1. BACKGROUND 

The guitar is an instrument that gives the player great control over 
timbre. Different plucking techniques involve varying the finger po
sition along the string, the inclination between the finger and the 
string, the inclination between the hand and the string and the de
gree of relaxation of the plucking finger. Guitarists perceive subtle 
variations of these parameters and they have developed a very rich 
vocabulary to describe the brightness, the colour, the shape and the 
texture of the sounds they produce on their instrument. Dark, bright, 
choco/atey, transparent, muddy, wooly, glassy, buttery, and metallic 
are just a few of those adjectives. 

The location of the plucking point has a major influence on the 
timbre. Plucking a string close to the bridge produces atone that 
is brighter and sharper, generally richer in high-frequency compo
nents. When playing near or over the fingerboard, that is closer to 
the midpoint of the string, the tone is rounder, mellower, less rich 
in high-frequency components. This correlation between plucking 
position and brightness, acknowledged by most guitarists, coarsely 
describes the timbrai palette of the instrument. In addition to bright
ness, guitarists seem to be sensitive to a vocal quality of guitar tones. 

In a source/filter modelling of the vocal production system, the source 
is made of the vocal chords that generate the glottal excitation, and 
the filter corresponds to the cascade of resonators formed by the 
vocal tract (oral, labial and nasal cavities). Vowels are recognized 

r:.l ~ U AllE HERE 

~ vcx:at chords vocal tract VOlVe] 

1 source 1 -1 
.§§j)u ____ fiIter 

~ gUÎtar string glutar body glûtar sound 

S ~ 0 AREH/IRE 

Figure 1: The source/filter model of the voice and the guitar. 

based on the frequency location of the formant regions. As illus
trated on Figure 1, the guitar could also be decomposed into a source 
(the strings) coupled to a filter (the body) via a bridge. In an attempt 
to draw parallels between the guitar and the voice acoustical sys
tems, one would expect that the formant structure belongs to the 
filter in both cases. We found that the vowel-like formant structure 
is actually due to the localized plucking excitation point along the 
string rather than to the main resonances of the body which occur at 
quite low frequencies, around 100 or 200 Hz. 

When a string is put into vibration by plucking it, the sound signal 
lacks those harmonics that have anode at the plucking point. More 
precisely, the amplitude en of the nth mode of the displacement of 
an ideal vibrating string of length l plucked at a distance p from the 
bridge with an initial vertical displacement h is given by : 

where R = pll is the relative plucking position, defined as the frac
tion ofthe string length from the point where the string was plucked 
to the bridge [1], as illustrated on Figure 2. 

w 

" ~ 
Il 

1 ...................................................... 
p .................. 

Figure 2: Plucking point at a distance p from the bridge and finger
ing point at distance l from the bridge on a guitar neck. 



As shown on Figure 3, the spectral envelope of a plucked-string 
tone is comb-fiIter-shaped l with its first local maximum FI located 
at half the ratio of the fundamental frequency Jo over the relative 
plucking position along the string R. 

F _ ~ _ IJo 
l - 2R - 2p (2) 

The other local maxima in the magnitude spectrum are odd integer 
multiples of Ft (F2 = 3 Flo F3 = 5 Flo etc.). We propose to con
sider those frequencies Fn as the central frequencies of comb filter 
formants [2]. Here we consider the literaI definition of a formant, 
that is a frequency range in which amplitudes of spectral compo
nents are enhanced. Though formant regions are usually due to res
onances, here the local maxima correspond to anti-notches 2. 

: FI =250 Hz 
". ;:..,~<.': 
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Figure 3: Theoretical comb-tilter shaped magnitude spectrum of a 
plucked-string tone (from Eq. (1)) with fundamental frequency of 
100 Hz and relative plucking position of 1/5. Zeros occur at inte
ger multiples of 5 x 100 = 500 Hz and local maxima occur at odd 
integer multiples of 250 Hz. 

An interesting coincidence is that this formant pattern is also found 
in the magnitude spectrum of sorne vowels. In particular, when the 
vocal tract is in the so-called neutral position, it can be approx
imated by a single tube closed at one end, which is a resonator 
favouring odd resonant frequencies. We also found that the ranges 
of formant frequencies are similar. For example, the tone obtained 
by plucking the third string (G-string) of a guitar in the natural posi
tion (12 cm from the bridge) has its comb-filter-formant frequencies 
located at 500, 1500,2500 Hz, etc. 3 which is precisely the formant 
pattern of the neutral vowel [3 J 4 pronounced by a speaker with a 
17.5 cm long vocal tract (an average value for male speakers). 

1 Comb filtering occurs when a signal is delayed and added to itself. 
2Comparing the formant bandwidths, one can notice that the comb til

ter formants are wider than usual vowel formants. In fact, the magnitude 
spectrum is proportional to a sine function and the 3dB-bandwidth equals 
FI (frequency range corresponding to a [11'/4,311'/4] phase range). As an 
example, the bandwidth is 250 Hz for the case illustrated on Figure 3. 

3 Applying Eq. (2) to a 60 cm long open string tuned to 202 Hz (G-string) 
and plucked 12 cm from the bridge, we tind that the tirst formant frequency 
Ft equals 6g~ig2 = 505 ~ 500 Hz. The second formant is approximately 
centred on 3 x 500 = 1500 Hz, the third on 2500 Hz, and so on. 

4The neutral vowel [3] is detined by Chomsky as a vocal sound that would 
arise from the vocal mechanism in the position to which it is automatically 
brought just before beginning to speak [4]. 

The distinctive feature theory, proposed by Jakobson, Fant and Halle 
in 1951 and then later revised and refined by Chomsky and Halle 
in 1968 [4], codities certain long-standing observations of phoneti
cians by hypothesizing that many sounds of speech can be placed in 
categories based on the presence or absence of certain distinctive 
features: whether the mouth is open, whether there is a narrow
ing of the vocal tract at a particular place, whether a consonant is 
aspirated. Jakobson, Fant and Halle detected twelve inherent dis
tinctive features in the languages of the world. In his book Sound 
Color, Slawson selected three of the features related to vowels (com
pactness, acuteness and laxness) as candidates from which to derive 
dimensions of sound colour. Figure 4 displays the equal-value con
tours for those features in a (Ft, F2 ) plane 5. According to Slaw-
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Figure 4: Equal-value contours for three distinctive features of 
speech in the (Ft, F2 ) plane [3] with superimposed guitar vowels 
trajectory (dotted line) corresponding to the relationship F2 = 3 Ft. 

son, OPENNESS (replacing the term compactness given in [4]) is 
named for the tube shape with which it is correlated. The approxi
mate acoustic correlàte of OPENNESS is the frequency of the tirst 
resonance. ACUTENESS reflects its connotation of high or bright 
sound. It increases with the frequency of the second resonance. Fi
nally, LAXNESS is said to correspond to a relatively relaxed state 
of the articulatory musculature. The equal LAXNESS contours are 
cIosed curves in the (FI, F2) plane centred on the maximally LAX 
point (or minimally tense point), corresponding to the neutral vowel 
[3 J. 

The trajectories that we plotted with a dotted line on top of Slaw
son's equal-value contours for distinctive features of speech in Fig
ure 4 correspond to the relationship F2 = 3 FI, which is found for 
the tirst two local maxima of a comb tilter 6. In that way, one can see 
which "vowels" may be obtained by varying the plucking position 
from the middle of the string (uu region) to the bridge (ee region or 
further up depending on fundamental frequency of the string). For 
a given string, the absolute plucking position p will determine the 
vowel col our, regardless of the note that is played 7. The table be
low gives the tirst formant frequency calculated with Eq. (2) for the 

51nstead of using the International Phonetic Alphabet, Slawson decided 
to adopt a two-letter convention that he believes to be more evocative of most 
English speakers' phonetic intuitions. 

6The curve F2 = 3 FI is not a straight line because the F2 axis is not 
linear. 

7The formant frequencies Fn are constant for a'given absolute plucking 
position p on a given string, regardless of the note that is played because the 
product lfo in Eq. (2) is a constant for a given string and equals half the 
speed of sound c along the string. Therefore, FI can also be expressed as the 



six strings of a guitar tuned with the standard tuning, together with 
the closest sound col our and corresponding IPA symbol, for a string 
length l = 60 cm and a plucking position p = 12 cm from the bridge. 

Str. First formant frequency for Sound IPA 
# p = 12 cm and l = 60 cm color symbol 

6 (30 x 83)/12 = 207.5 Hz uu u (boot) 
5 (30 x 110)/12 = 275 Hz oe o (base) 
4 (30 x 146)/12 = 365 Hz 00 o (boat) 
3 (30 x 202)/12 = 505 Hz ne 3 (the) 
2 (30 x 248)/12 = 602 Hz ee e (bait) 
1 (30 x 330)/12 = 825 Hz ae re (bat) 

2. AIM 

The aim of this study is to investigate perceptual analogies between 
guitar and vocal sounds, supported by the analogies that we found 
at the spectral level. We want to experimentally verify that guitar 
timbres can be associated with different vowels in order to confirm 
that sorne of the dimensions of the timbre subspace of the guitar can 
be borrowed from phonetics. 

3. METHOD 

Nine French-speaking non-professional musicians and non-guitarists 
performers were asked to sing nonsense syllables that they felt per
ceptually close to guitar tones, associating a consonant to the attack 
and a vowel to the release of the tone. To produce the stimuli, we 
asked a professional guitarist to play the same melody with different 
timbres. We selected four variations of the performance which were 
described by the guitarist as ponticello, brassy, round and tasto. 

The main instrumental gesture parameter that was varied to obtain 
the different timbres was the plucking position (from very close to 
the bridge to over the finger board). The angle of the plucking finger 
also differed, being closer a perpendicular to the strings for brighter 
timbres. This correlation between the two gesture parameters was 
necessary to preserve the naturalness of the plucking techniques. 
The ponticello timbre was played 5 cm from the bridge with fingers 
perpendicular to the strings (thus a 90 degree angle between the fin
gers and the string). The brassy timbre was obtained by plucking 
the string 8 cm from the bridge with a 60 degree angle. The round 
timbre was obtained by plucking the string 13 cm (close to the tone
hole) from the bridge with a 45 degree angle. The tasto timbre was 
obtained by plucking the string 20 cm for the bridge with a 30 degree 
angle. 

The participants were not told anything about the way the tones were 
produced nor about the timbres that were intended by the guitarist. 
The excerpts were presented in a random order. The participants 
cou Id replay the excerpts themselves in any order they wanted and 
as often as they needed il. Extra information was collected from 
participants by "thinking-aloud protocol". 

ratio c/4p. As a result, vowel colour is maintained for any note on a given 
string, except for relative plucking position R = 112 which is the case of an 
odd-harmonic only spectrum, perceived as a distinct timbre. 

Figure 5: Time-domain representation of the 14 tones of a melody 
played with four different timbres. The melody is an excerpt from 
the piece L'encouragement for two guitars by Fernando Sor (1778-
1839). 

4. RESULTS 

The table below reports the syllables provided by the nine partici
pants for the different timbres. Plosive consonants ([k], Cg], Ct], [d], 
[p], [b]) were associated with the attack portion of the guitar sounds, 
while nasal or oral vowels were associated with the release portion 
of the guitar tones. 

1 Ponticello 1 Brassy 1 Round 1 Tasto 1 

# 1 tf tœ ta t0 
#2 të-ti d[ë-a] bU bw5 
#3 kr pa dJ ba 
#4 kî: te-t5 b dO. 
#5 [k-t]ai [d-p]aw da-dJ dO. 
#6 kî: gœ b d0 
#7 dë-kë t[a-5] d5-t5 gu-du 
#8 kî: tsa-pa dJ-b 05 
#9 kî: te ta bu 

Sorne participants gave two syllables because they found that the 
timbres differed from note to note (example: të-ti). The other partic
ipants were comfortable to determine a syllable that would be most 
representative of the whole melody. In sorne cases, the consonant 
was hard to define and was said to be "between a [k] and a [t]" for 
example. They are notated between square brackets in the table (e.g. 
[k-t]). Similarly, intermediate vowels were provided, such as a nasal 
vowel between [ë] and [a], notated [ë-a] in the table 8. 

For the ponticello timbre (p = 5 cm from the bridge), most partici
pants noted a strong nasal quality of the tones and chose the French 
nasal vowel [è]. The consonant [k] seemed to evoke the metallic 
quality of the attack. 

For the brassy timbre (p ::; 8 cm from the bridge), the tone was de
scribed nasal but not as nasal as for the ponticello timbre. The cho-

8The IPA symbols for the French nasal vowels are [i'] as in 'vin', [œ] as 
in 'brun', [il] as in 'blanc' and [5] as in 'bon'. 



sen vowel was also more open (French !JasaI vowels [u] or [re], or 
English diphthong [aw». The consonant Et] was chosen most of
ten for the attack. So, as the plucking point moves away from the 
bridge, the vowel becomes less nasal and opens up. 

For the round timbre (p = 13 cm from the bridge), the tones seemed 
to be perceived as oral and rounder vowels ([a], [:>]). The consonant 
[d] was most often associated with the softer attack of the tones. 

For the tasto timbre (p = 20 cm from the bridge), aIl participants 
noted the hollow and Closed quality of the tones, referring to the 
vowel Eu]. While making the vowel sounds with their mouth. sorne 
participants mentioned that they felt they had to create a large space 
inside their mouth and Close the Iips. For the attack, softer conso
nants [b] and [d] were often chosen as weil as the English consonant 
[8] evoking the sound of friction of the linger against the string. 

More generally, when guitarists were asked to associate vowel sounds 
to guitar tones obtained with various plucking positions ranging 
from near the bridge to Closer to the midpoint of the string, they 
agree on the sequence [è], [cl, [a], [0], [0], [u]. 

Figure 6: Phonetic gestures associated with plucking positions. 

The approximate shape of the mouth forming those vowels is illus
trated on Figure 6. When plucked Close to the bridge, the string pro
duces a sound that is associated with a thin-shaped mouth. Moving 
closer to the tone-hole, the mouth seems to open up to a round shape. 
Then, from the tone-hole to the midpoint of the string, the mouth 
closes progressively while keeping a more or less round shape. At 
midpoint, the guitar sound lacks aIl even harmonics. In fact, per
ceptually, this sound is generalIy described as holIow and sorne gui
tarists will calI it a bassoon sound or a pipe sound. Note that the 
transitions from a thin-shaped mouth to a round-shaped mouth and 
then to a closed mouth are the same transitions that one would have 
to go through in a continuous way to imitate the sweeping flanging 
effect of a landing airplane, for example. 

The bandwidth of the lobes of a comb filter is much larger than the 
bandwidth of vowel formants. The closer to the bridge the pluck
ing position is, the wider the comb filter formants are. This could 
explain why guitar tones are perceived as more nasal when plucked 
closer to the bridge since one of the main effects of adding the nasal 
cavity to the main oral pathway is the broadening of ail formant 
bandwidths and the f1attening of spectral peaks, which is precisely 
due to comb filtering. 

5. CONCLUSIONS 

We found that guitar tones and a particular set of vowels display 
similar formant regions. This explains the results of the experiment 
described in this paper, and in particular, why guitar tones are con
sistently associated with different vowels according to plucking po
sition. The plucking angle has an effect on the attack time of the 
tone, inducing its association with a more or less sharp plosive con
sonant. Moreover, the closer to the bridge the plucking position is, 
the wider the comb filter formants are. This could explain why gui
tar tones are perceived as more nasal when plucked closer to the 
bridge. 

An important conclusion is that, to establish perceptual analogies, 
it is not necessary to find strong similarities between the structures 
of the acoustical systems. It is sufficient to find similarities between 
the acoustical signatures of the sounds produced by those systems 
(i.e. between their effects) independently of their cause. 

Furthermore, applying sorne distinctive features of speech to guitar 
sounds, we can infer that the adjectives closed, round, large, open 
indicate different degrees of OPENNESS. The adjectives thin and 
round would be opposites along the ACUTENESS dimension. A 
warm or chocolatey sound would Iikely be associated with the max
imally LAX point. In fact, a warm sound likely evokes the sound 
that one makes while exhaling warm air, usually with the vocal tract 
in a neutral position. FinaIly, a hollow or cavernous sound would 
actually sound like the [u] vowel produced as the mouth forms a 
hollow cavity. 

In conclusion, perceptual dimensions of an instrumental timbre space 
can be derived from phonetics. Our findings for the guitar should be 
applicable to the timbre of other musical instruments. 
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