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Abstract 

The interaction hetween musicians and electronic instruments, by now. is not deep like with 
traditional acoustic instruments. We can recovery from this situation increasing the amount 
of information the musicians gives to the synthesis algorithm. In our work we realize a new 
gesture interface which can he used while playing a typical MIDI instrument: a keybard or a 
guitar. Control is obtained with postures of the vocal tract, so the user have only to change 
the shape of his mouth. With two wave guides the interface puts and picks up a signal in the 
vocal tnct, waveguides are very little troublesome for the musician: they reach the mouth just 
like a clarinet mouthpiece. Analysing the signal a software routine estimates the oral cavity 
filter parameters and extracts the needed information about the posture musician is assuming. 
We use the Linear Prediction Method to make that analysis. Then. using the Main 
Component Method, we map the user's vocal tract postures in three-four dimensional 
orthogonal space; this method needs a short training in which the musician assumes all the 
postures hetshe can or helshe wants to use for controlling. The array describing the position 
of a particular posture in this space it's used for the control. It can he used to modify in real 
time, the interface gives a new output every 0.1 seconds, a synthesis algorithm or musical 
effects. It's also possibly use the interface in other field, for example a mouse for disabled, an 
help in logopedia or in phonetics. 

1 Introduction 

It's a common opinion that playing an electronic 
music instrument gives artistic results not 
comparable with those obtained with acoustic 
instruments. 
We think that this gap is not due to a less 
potentiality of the new instruments but to the lower 
control the musician has on them: there is still a 
low interaction between musicians and electronic 
instruments and so there is a low amount of 
information the musician can give to the sound 
synthesis algorithm. 
To recovery from this situation, we propose a new 
gesture interface. We want this new interface to 
have some peculiar features. First of all that it 
could he used while playing a common MIDI 
instrument (a keyboard or a guitar), so it should 
not collide with movements and postures necessary 
to play. Another i m p o m t  feature is the control 
dimensionality, which has to he at least 2; 
otherwise all the work will be unnecessary because 
there are many one-dimension controllers. Then it 
should be also fast in response, easy to use and, if 
possible, cheap to build. 

2 The EK Controller 

The g e s m  interface we projected is controlled by 
musician's mouth: particularly with postures of the 
vocal tract. We choose the mouth because, to play 
normally, the musician has to be free hand, and 
also hewuse in general we have a greater control 
on our mouth shapes than other body parts like feet 
or neck and so on. We are interested in postures 
and not in movements because we think that, from 
one side, controlling will be easier and, on the 
other, the musical interpretation is more related 
with positions than with speed and direction (note 
that the musician is already playing with 
movements, on which speed and direction depends 
volume and pitch). 
The musician also does not have to make 
something distracting like speaking, making 
sounds or simply blowing like with the breath 
controllec hdshe has only to change the inside 
geomehy of his vocal tract 
From an aesthetical point of view the conmller 
remembers the kazoo: so we called it EK 
Controller (Electronic Kazoo). 



chwse the well-known Linear Rediction 

tract like a filter; in particular it can be to a model which is nearer 
an all-pole filter. Estimating filter of an all-pole filter than 

ains also why we use a white 

reach the mouth like, for example, a clarinet reed. 
The first waveguide, which on its outside end has a parameters: the polynomial coefficients of the 
loudspeaker, put a signal inside the mouth; the transfer function and the reflection coefficients. 
second one picks We use the second set; it gives the reflection 
it with a microph coetlicients of the vocal tract thought like a 
At the moment resonance tube, and it's an m y  which values goes 
generated by a software routine, sampled at 22 from -1 to +l. It's possible to choose the array 
KHz. But we tried also with other kind of signals: dimension in a small range of values that are 
square and triangle wave, ramps and pulse train. related to the sampling rate: we decided to start 
We found that best results in terms of control are with a dimension of 12; we tried also with bigger 
obtained, apart fmm the white noise, with the dimensions but results were similar. 
pulse train; this is interesting because in this way 
it's possible to use a very simple hardware signal 

of 8 KHz (the standard rate for speech-lie 
signals). We are forced to choose this rate, and also 
the one for the noise, by the characteristic of the 
computer we used. In fact we develop the interface 
on a NeXT computer, which has, built-in, a 
micrnphonic input sampler at 8 KHz and two 
aud' 

samples, real time workin 

For having a real, effective control we can' 

incorrelated d i i c  
So we need to extract 





We studied many 
outputs changes in 

So the musicianhas to learn to use the interface: 
just like a musician in general has to learn to use a 
new instrument. We measured approximately the 
time a new user spend to learn (times reported are 
not referred to a continuos use). To mnke this we 
tried to control only one output, then two and so 
on. Outputs were associated to sliders position on 
the screen. 
The monodimensional control is quite immediate. 
After few minutes the user learns how to move the 
slider up and down, and after some times succeeds 
in moving it to absolute positions. 
Also two-dimensional control is easy. In less than 
half an hour it's possibly to contml the relative 
position of the sliders. It is harder to succeed in 
changing only one output value: it takes another 
hour. 
Even more difficult is to control three and four 
dimensions, it will takes some days. A time 
however shorter than the time necessary to learn 
an acoustic music instrument. 

8 Applications 

The main application for this gesture interface is in 
controlling an algorithm synthesis during a live 
performance. So, for example, we can transmit the 
output values through a MIDI channel like con 
change commands. 
But the fact that the mouth giv 
the interface useful also in other fields. Persons 
with problems in using arms and disabled can 
connect to a computer using the interface like a 
mouse simulator, the first two dimensions will 
choose position and the third will make selections 
in a windows system 
After, considering that th makes a four 
dimensional map of the vocal mc t  postures. the 

do not have a portable 
It is also possible to 

possible to subdivide the projectio 
small number of families. So, nfter 

to choose the family in which 
But the much interesting impr 
something to obtain an easier 

simple output configurations, for example the 
changing of only one element of the control array. 
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