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Abstract. Tartini is a program designed as a practical music analysis
tool for singers and instrumentalists. All you need is a microphone and
your computer can become a real-time visual feedback system. It will
provide accurate pitch contours for visualising intonation, loudness and
vibrato shape. Other experimental views exist, such as one to show a
note’s harmonic structure.

1 Background

The name of out project comes from Giuseppe Tartini, who discovered the phe-
nomenon of ’difference tones’, also now called Tartini tones, in 1714. He used
this property to help teach his students to play in tune. The basic idea of this
phenomenon is if two related notes are played simultaneously on a violin, a third
sound could be heard. For example if a ’C’ and a ’G’ are played on the same
octave, then a ’C’ an octave lower can be heard, only if the interval is a perfect
fifth. Thus Giuseppe Tartini can be seen as an early example of someone trying
to apply scientific principles to understanding and improving musical technique.
The development of this project approaches ways to improve musical technique
extending from his discovery.

The main goal of this project is to design tools to aid musicians, which
could include simplifying or speeding up the learning process, or facilitating
refinement of techniques to new levels of accuracy. The primary focus is on the
pitch related aspects of the music, as finding pitch is a fundamental problem in a
number of fields such as Music Information Retrieval (MIR), speech recognition
and automatic score writing. The application of finding pitch has expanded
into some other fields recently, such as computer games like “SingStar” [6], and
singing tools, such as “Sing and See” [1] and “Melodyne” [2]. The work on pitch
recognition of the PhD has been already largely completed. However, this paper
discusses the more recent work on pitch analysis of vibrato at a higher level,
which includes finding and displaying parameters of vibrato’s, speed, width,
cycle shape and envelope shape. Vibrato is a cyclic variation of pitch during a
note, adding warmth and giving it a more voice-like quality. On a bowed string
instrument, such as violin or cello, vibrato can be produced with a rocking motion
of the finger on the fingerboard, by movement of the wrist or arm.

The research focuses on fretless String players in particular, such as violinists.
It is because with fretless instruments it can take years before a player can play



in tune. However, pitch control is more than just finding the notes. Notes can
be decorated using vibrato or glissando1 for a greater effect for instance.

When a violinist plays a note he or she has to make a decision about the
intonation, that is, the fine accuracy to which the player chooses the pitch of a
note. This will depend on context and the type of tuning being used, for example
“just intonation” in which the notes have frequency ratios that are low whole
numbers, such as 3:2, 5:4 or 7:4, or “even tempered” in which the notes are
tuned like a piano. Often an individual musician may have his own particular
preference for intonation, for example they may prefer slightly sharper major
sevenths, or flatter minor thirds. Using Tartini, we have been working with some
of the music performance students at Otago, allowing them to experiment with
scales and notes as well as vibrato, and compare what they played and heard
with a reference scale, displayed on a large screen.

2 Pitch Recognition

The pitch algorithm, as described in [3], uses a Normalised Square Difference
Function, in conjunction with a peak picking algorithm. It makes use of the Fast
Fourier Transform for efficiency of calculation.

Recent developments involves extending this idea into an incremental method.
This means when a new sample is added to the analysis window, and an old one
removed, it gives a new pitch value at a small computational cost. The result
gives a pitch value for each sample - normally 44100 samples per second. 44100
Hz is a much higher sample rate than necessary, however it will capture all the
details of variation in the pitch, such as that during vibrato. Down-sampling
can be performed to achieve a lower rate as needed, although this can still be
much higher than the rate in existing methods. Vibrato parameters are currently
found using a series of Prony’s spectral line estimations [5]. However this is still
under investigation.

3 The program

This section discusses the User Interface, and some of the issues that arose in
making the parameters of Tartini usable by musicians. Tartini’s interface is made
up of a series of views each showing information in real-time about the sound.

The main view that consists of a pitch contour (Figure 1A), and a loudness
graph (Figure 1B). It was found that having a slightly different shade background
colour above and below the lines enabled quick identification of the lines, espe-
cially if scrolling was needed. In addition, an auto scrolling feature was added,
but people commented it made them feel sea sick. The main view also has cus-
tomisable reference lines that show the notes of a selected scale, and tuning.
The view in (Figure 1C) shows a very responsive chromatic tuner, displaying
instantaneous pitch, with a slider to control averaging as needed. However, most

1 A continuous slide from one pitch to another



people prefer the pitch contour view, with its ability to show the pitch’s recent
history.

The other view shows a detailed analysis of vibrato, and consists of three
parts. Firstly, a view of the vibrato of an individual note, showing details of
precisely how the pitch varied (Figure 1E). Secondly, Figure 1F contains an even
more magnified view of the current vibrato period, revealing the cycle shape.
Lastly, Figure 1D shows the vibrato’s instantaneous cycle rate, and width.

From the idea that seeing a history of values can often be better than only
instantaneous values, background shading was implemented using the vibrato
width2 showing the envelope shape (Figure 1E). Also, the vibrato average is
shown as a line. As a vibrato gets wider it often gets slower, causing the sinu-
soid to be scaled in both dimensions. This scaling makes it look like the same
sinusoid, just closer or further away, so one does not notice the change in speed.
Alternating light coloured background stripes were added, each showing half a
period, so at a glance it can be seen where the vibrato has speeded up or slowed
down no matter what its width.

Tartini also has a number of other views, including one to visualise the har-
monic structure of a note against a piano keyboard (Figure 2). The current
note is depressed and shown in yellow, with the tracks extruding backward, each
representing the history of a sinusoidal component in the sound. The alternat-
ing colour distinguishes even from odd harmonics. The tracks become closer

2 The vibrato width is twice the amplitude, and shown vertically

Fig. 1. A screen-shot of Tartini. Here (A) shows the typical pitch contour view, (B)
shows the loudness level, (C) shows the instantaneous pitch, (D) shows the vibrato’s
instantaneous rate and width, (E) shows a zoomed view of the vibrato shape and (F)
shows an even more detailed view of the current cycle of vibrato.



together because equal intervals are nearly equal distances on the keyboard but
equal multiples of the fundamental frequency. The latest release of Tartini can
be found at [4].

Fig. 2. A screen-shot of Tartini’s ‘Harmonic Track’.

4 Future Work

Although so far my PhD constitutes the bulk of this project, others have al-
ready taken interest in further work. There are a number of possible things that
could follow on from this work. Firstly, the pitch algorithm still has some room
for improvement, with emphasis on reducing octave errors, a common problem.
Secondly, there could be development of more features for practising specific
tasks, such as changing bow direction, glissando and pizzicato. These are com-
mon tasks every professional violinist has to practise and refine. The hope is this
will expand into a tool used by a wide range of musicians, that provides instant
objective feedback to a wide range of tasks. It should help detect defects, and
point the user in the direction for rapid improvement, meanwhile also allowing
for the musician to experiment freely.

Other ideas of continuing research include developing a better model of over-
tone structure, taking into account that not all overtones are perfectly harmonic,
due to non-linearity in the physical nature of an instrument.

Lastly, looking from a higher perspective, now with tools to do analysis on
vibrato, there is room to investigate what constitutes good vibrato? Is it a sinu-
soidal shape? Research could be done in to what the experts do, or how vibrato
varies between styles.
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