


















































































































































































































































































































































































































































































· 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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ESTIMATING THE PLUCKING POINT ON A GUITAR STRING 

Caroline Traube, Julius O. Smith III 

Center for Computer Research in Music and Acoustics, Stanford University 
caroline.traube@umontreal.ca 

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. 

Distance = 12 cm 

0.5 

-0,5.'---______ ---' 
o 0.005 0,01 
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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 
(estimated distance vs actual distance from the bridge) 



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. 
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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-
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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 
Frequency (Hz) 

'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 
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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 
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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. 
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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. 
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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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