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ABSTRACT

Music transcription refers to extraction of a human reaglabl
and interpretable description from a recording of a musie pe
formance. Automatic music transcription remains, nowaday ot
a challenging research problem when dealing with polyphoni

sounds or when removing certain constraints. Some instrt _\RA‘%

ments like guitars and violins add ambiguity to the problem
as the same note can be played at different positions. Whe
dealing with guitar music tablature are, often, prefermethe
usual music score, as they present information in a more ac- Fig. 1. Notes on a guitar fretboard
cessible way. Here, we address this issue with a system which
uses the visual modality to support traditional audio tcaips

tion techniques. The system is composed of four modules
which have been implemented and evaluated: a system which
tracks the position of the fretboard on a video stream, a sy%e

tem which automatically detects the position of the guitar o h h ter alaorithms: real ti ) S
the first fret to initialize the first system, a system which de "''ough computeraigorithms. realtime processing usirdj mi

tects the position of the hand on the guitar, and finally a Sy&gunar, post processing using sound analysis, post process

tem which fuses the visual and audio information to extract a9 ust|_ng tsf::ore ﬁntﬁlyss. \f’m_f; [2]_tretr|8v_es f'”ge.gf‘g In-
tablature. Results show that this kind of multimodal apphoa ormation through the use of midi guitar. 1Jsing a midi gul-

can easily disambiguate 89% of notes in a deterministic wa ar with different midi channels asgomated to each (_jlfiEre
string. Traube [3] suggests a solution based on the timbre. |

two notes have the same pitch they can have different timbre.
1. INTRODUCTION Common issues are precision, needs for a-priori knowledge,
and monophonic operation limitation. Another possibilgy
%o analyze the produced score and to extract the tablature by
applying a set of rules based on physical constraints of the
|hstrument, biomechanical limitations, and others pbipl
cal analysis. This kind of methods can result [4] in tablasur

Burns and Wanderley [1] report few attempts that have
en done to automatically extrapolate fingering inforomati

Written music is traditionally presented as a score, a music
notation which includes attack times, duration and pitafes

the notes that constitute the song. When dealing with the gu
tar this task is usually more complex. In fact, the only pitch

of :jhtehnote |_st_not ?lr\]’v?ﬁ enoufgh o re;]pre?ent the :notven?e ich are similar to the one generated by humans, but hardly
and the positions that the pertormer has 1o execute 10 play & ;| yith situations in which the artistic intention or $kihi-

p|ec_;a_. A g?';ﬁr cfantgndegd ch(;r_rf}e thet s?me notSe atlg'ﬁerf%tions are more important than the biomechanical movement
_FI)_?].S' !onsho th € fret O?tr on d tgrenfs rlngts (See I '9. K )Last but not least, Burns and Wanderley [1] propose to use the
Is Is why the musical transcription of a guitar usuallyeak ;5 modality to extract the fingering information. Thap-

form of a t_abl_ature. A tablature is a mu3|c_al hotation which roach makes use of a camera mounted on the head of the gui-
includes six lines (one for each guitar string) and numberg

. . : . ar and extracts fingering information on the first 5 frets but
representing the position at which the string. is not applicable to all cases because it needs ad hoc equip-
*Eurecom Institute’s research is partially supported bindsistrial mem- ~ ment, configuration, and it only returns information abdnet t
bers: BMW, Bouygues &lecom, Systems, Francélécom, Hitachi Europe,  first 5 frets. This paper presents a multimodal approach to

SFR., Sharp, STMlcr_oeIectronlcs, Swisscom, Thales. Tha(eb_ereported address this issue. The proposed approach combines infor-
herein was also partially supported by the European Commissider con-

tract FP6-027026, Knowledge Space of semantic inferencauomatic an- ~ Mation from video (Webcam _qua!iW) and audio analysis in
notation and retrieval of multimedia content - K-Space. order to resolve ambiguous situations.




= = the fretboard must be aligned; 2) the lengths of the frett mus
comply to the rulel; = L;_y * 27'/12 whereL; represent
the length of the?” fret.

To enforce the first constraint a first line is computed that
matches the highest possible number of points. The points
apart from the line are filtered out and a linear regression
(least squares) is computed. All points apart from this sec-
ond line are filtered out and recomputed.

The second constraint is applied by comparing the posi-
tions of the points with a template representing the digtanc
of all the frets from the nut (i.e. the fret at the head of the
guitar). Every twenty seconds the tracking is re initiadize
to solve any kind of issues which may arise from a wrongful
adrifts of the Lukas Kanade point tracking.

2.3. Hand Detection

In section 2.2 the methodology employed to follow the posi-
tion of the frets along the video has been described. Thanks
to these coordinates it is possible to separate the region be
longing to the fretboard inta_strings x n_frets cells cor-
responding to each string/fret intersection.

Filtering is done on the frame to detect the skin color and
the number of “hand” pixels is counted. A threshold can be
applied to detect the presence of the hand (see figure 2).

Fig. 2. Interface of the Automatic Transcription System

2. GUITAR TRANSCRIPTION

The typical scenario involved in the discussion of this pape
involves one guitarist playing a guitar in front of a web-cam

(XviD 640x480 pixels at 25 fps). In the work presented herey this paper we have overviewed a complete, quasi uncon-
the entire fretboard of the guitar needs to be completely Vis strained, guitar tablature transcription system whicts e

ble on the video. cost video cameras to solve string ambiguities in guitarese

A prototype was developed as a proof of concept demonstrat-
ing the feasibility of the system with today technologieg- R

The first f fthe video | vzed o d h it sults of our studies are positive and encourage furtheiesgud
efirst frame of the video is analyzed to detect the guiter an j many aspects of guitar playing.

its position. The current version of our system presents few
constraints: the guitarist is considered to play a rightdeah
guitar (i.e. the guitar face on the right side) and to trace an
angle with the horizontal which does not exceed.90he
background is assumed to be less textured than the guitar.
a final result, this module returns the coordinates of the cor
ner points defining the position of the guitar fretboard oa th
video (two outermost points for each detected fret).

3. CONCLUSIONS

2.1. Automatic Fretboard Detection
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