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Abstract

A number of systems have been reported in the scientific literature that are designed

to provide voice users with visual feedback to help them develop some aspect of

their vocal ability. These systems tend to be based on the derivation of a very small

selection of vocal parameters. For example. a number of systems provide feedback

on a measurement of the fundamental frequency of the voice alone. However, ac—

curate monitoring and subsequent feedback of the majority of vocal acts requires

the consideration of a number of voice source parameters in combination with a

number of parameters derived from analysis of the acoustic output of the subject.

This paper discusses a computer program for real-time visual feedback of vocal

performance. The software, called ALBERT (Acoustic and Laryngeal Biofeedback

Enhancement in Real-Time), provides algorithmically configurable, interactive

analysis and subsequent visual feedback of voice source and acoustic output charac-

teristics. Primary parameters of the voice source and acoustic output of the subject

are derived from microphone and electrolaryngograph outputs. Further parameters

are calculated from user-defined algorithms which operate on the primary param-

eters. Real—time visual feedback is supported through a user-configurable selection

of one, two, and three dimensional graphs. The user is also able to employ colour

schemes for enhancing the visual presentation of information.

1 Introduction

The process of speech or singing can be considered as a circular flow of information in which

the acoustic product is perceived by the brain as a form of feedback. This enables any

necessary adjustments to be made to the mode of phonation in order to better match a

target state. This circular pattern is illustrated in figure l.

The ALBERT software serves to complement aural feedback with feedback based upon an

assessment of vocal production presented in a visual form. The software is able to update

a number of displays based upon an assessment of vocal performance. The domain within

which the ALBERT software operates is shown overlaid on the normal feedback loop in

figure 1.

The ALBERT software operates in the following sequence.
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I up flyFigure 1: The speech circle with the domain of ALBERT superimposed

                        

1. Analysis of the voice source and acoustic output signals in order to derive a set of
primary voice parameter values.

2. Algorithmic assessment of primary voice parameters to create a set of secondary voice

parameters.

3. The update of displays communicating the state of any number of primary or secondary

parameters in a visual form.

The three steps operate consecutively, at a rate which is effectively perceived as instanta-

neous. The algorithmic and visualization processes mentioned in steps 2 and 3 are freely

configurable by the user. The resulting displays are then perceived by the human visual sys-

tem as complimentary information to the aural feedback normally present in the feedback
loop.

The graphical user interface (GUI) used by ALBERT can also be configured by the user

to suit the task for which the software is to be applied. The graphical user interface is
divided into separate units, each of which is concerned with a particular function. The user
is able to select the position. height and width of each unit, and whether or not it is to be

displayed. An example of one configuration in which six units are employed is shown in
figure 2. This example illustrates one possible configuration for investigative analysis of the
acoustic output signal.
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Figure 2: An examplu configuration of ALBERT for Acnusti: nntput analysis
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2 Voice parameters

Several parameters are derived from the voice source and acoustic output signals.

I Rindamental frequency (F0) Fundamental frequency has application in almost all

instances of voice useage. It has a primary role in linguistic communication through

intonation, and a high level of conscious control is required for singing. A real-time

display of F0 may be of use for tuition in both of these voice applications. E.g., [l]

o Larynx closed quotient (CQ) This is defined as the ratio of how long the vocal

folds are in contact relative to how long they are apart in each cycle. This is often

measured with the aid of an clcctrolmyngagraph [3], a device which is able to infer the

pattern of vocal fold movement. Research has demonstrated difierent patterns of CQ

for difierent styles of male [4] and female [5] [6] singing, and across difierent levels of
training

I Sound pressure level (SPL) The level of loudness of the vocal output of the subject.

it is known that a consistently high level of SPL output can damage the voice. A

real—time display of SPL may be of use in the treatment of such a form of vocal misuse.

o Jitter This is defined as the difference in F0 from one voice period to the next. Example

applications include the encouragement of pitching stability for singers, and for use in

post-operative voice therapy after surgery.

I Shimmer This is defined as the difference in SPL from one time instant to the next.

It provides a measure of peturbation in voice production. A real-time di5play of this

parameter may be of use for encouraging stable phollation in, for example, the tuition

of deaf subjects.

I Spectral energy distribution There are several instances in which a measure of

the relative distribution of spectral energy can be a useful indicator of vocal usage

For example, a spectral presence has been identified [8} in the region of ZlDOHz to

3800Hz in the acoustic output of trained singers which was less evident for untrained

singers. This has been lahellod the 'singcr‘s formant’. Several studies have identified this

phenomena in diffm'ent conl'cxts> including the analysis of tenors from CD recordings

[9]. An assessment of this phenomenon may provide a useful measure for real-time

tuition.

The software is also abll: to P1551355 the rate of opening and of closing of the vocal folds, and
the amplitude of the electrolzu-yngogruph signal. However, these parameters are currently

intended for reasmis of analysis rather than for use in a real-time visual feedback context. A

representation of time is also prunentcd as a parameter for use in visualization configurations.

2.1 Primary voice analysis

Within ALBERT, the voice source and acoustic output signals are processed in the following

ways.
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0 Voice source signal Several voice source parameters, including F0, CQ, and jitter are
derived from analysis of the electrolaryngograph signal. The basic procedure for this
is as follows. First, the polarity of the signal is first checked to ensure that positive
changes reflect increased inter-electrode current flow. This is based on the assumption
that the vocal fold contact area changes more rapidly when it is increasing than when
it is decreasing (that is. the folds snap together more rapidly than they part). This
is a known phenomenon. The points of maximum increasing vocal fold contact can
be located by deriving the positive peaks in the time differentiated waveform. These
are then used to define the start of the closed phase (CP) in each cycle. The time
between these peaks is used to provide a measure of the fundamental period (TX).
The fundamental frequency is then assessed as F0=(1/Tx). The end of the CP is the
instant when the negative-going electrolaryngograph waveform crosses a fixed ratio of
the current cycle‘s amplitude. The ratio, set at 7:3, has been shown to exhibit a result
close to that obtained by inverse filtering CQ is then obtained by the following
equation: CQ = ((CP/Tx)‘100)

0 Acoustic output signal A 128 point Fast Fourier Transform (FPT) is carried out on
the digitally sampled representation of the acoustic wave. This normally occurs at a
rate of twenty times a second. Coefficient values for pro-determined energy ranges are
then summed. These can be compared to provide an indication of vocal performance.
For example, a measure of the overall tilt of the voice source spectrum can be derived
by comparing the ratio of energy between O-lkI-Iz and l-5kH2 [10].

2.2 Algorithmic processes

The voice is a complex mechanism with many difl'erent biological, physical, and physio-
logical qualities interconnected. Consequently, many voice parameters are influenced by
the performance of other parametErs. For example, it is a well-knoWn phenomenon that
increases in SPL are usually accompanied by proportional increases in Ft). Any real-time
display of a single vocal parameter should be able to consider the changes that would be
expected to occur as a consequence of changes in other parameters. The ALBERT software
is able to algorithmically assess the state of any number of vocal parameters in combination.
For example, a real-time display of F0 for deaf subjects might take into account the degree
of increase in F0 that would be expected to occur as a consequence of increasing SPL. The
resulting display would then more accurately convey progress towards target performance.

2.3 Visualization

The ALBERT software is able to display and update a number of visualization configura-
tions in real—time with which to communicate the state of the assessed vocal parameters.
Visualization techniques include

0 1D bar graph displays

0 2D graph displays
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I 3D displays

a The use of colour

Other real-time voice display software tends to present the user with only. a small selection

of visualization options such as frequency against time or spectral energy against frequency.

The flexibility proferred by the ALBERT software enables the user to create the form of

visualization which appears to be most suitable with regard to the vocal task and the

assessment skills of the subject.

3 Example applications

3.1 Adult singers

A real-time display based upon quantitative evaluation of the singer's formant phenomenon

previously discussed may be of use in the process of singing tuition. The ALBERT software

could be configured to function as a tool for this purpose in the following manner. First, a

new parameter is created which assesses the energy in the frequency range 2-4KHz relative

to the energy in the frequency range 0-5Kl-lz. The former range is that within which

the presence of the singer’s formant has been observed to occur. The latter range is an

approximation to the frequency range across which acoustic output can reliably be assessed.

The resulting parameter could then be displayed in a number of ways, such as a plot on a

2D graph with F0 or time parameters mapped to the x—axis.

This parameter, in addition to others. has been used in a formal test of the benefits of the

ALBERT software when used as a complementary tool for the process of singing tuition

[11]. Results support the proposition that use of the ALBERT software has reinforced the

process of vocal tuition.

3.2 Child singers

A similar phenomena has also been observed in child singers. Current research has indicated

that children phouating at high fundamental frequencies exhibit increased energy in the

700-1800Hz region as a function of vocal training [12] . A real—time display based upon

quantitative evaluation of this phenomenon may therefore be useful in the tuition of child

Singers.

This could be achieved by using the same process as that described for adult singers, but

with selection of the frequency range 700-1800Hz instead of 2-4KH2. A further modification

may be to de—select the drawing of the axes in the display, which may serve to confuse or

distract the subject.

3.3 Subjects with short attention span

A number of voice users are unable to concentrate for long periods of time. This includes

Children and adults with learning difficulties. The ALBERT software can be configured to
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Figure 3: An example colour scheme for use in mapping tima as a mechanism to encourage attention

complement the display of a parameter with colour in a number of ways. This facility can

be used to create a. real-time display which continually changes colour.

This first requires the design of an appropriate colour scheme. An example is shown in

figure 4. All the colours of the rainbow have been employed in the colour set. The lowest

data values are then mapped to the first colour in the range (red), with the highest data

values mapped to the last colour in the range (violet) Values between these extremes are

mapped to the other colours aCcording to their relative position between the two extremes.

This colour scheme can then be mapped to reflect the value of a parameter. In this example,

the colour set would be mapped to time. In this way the display would continually change

colour. The time for which the colour set would cycle can be predetermined. An appropriate

example may be seven seconds. The display would then change to a different colour with

the passing of each second.

4 Conclusions

This paper describes computer software which has been created for real-time analysis and
visual feedback of a number of voice source and acoustic output qualities. Parameters may

be algorithmically processed to produce further measures representative of some measure

of vocal development. The software has found application in a number of voice assessment

contexts.
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6 Further information

Further reports are freely available through the process of anonymous ftp transfer fiom

ftp.york.nc.uk, in directory /pub/uaers/eleL'10/uaice. World wide web (WWW) access is

available via file://fip.yark.acruk/pub/wers/eleclD/vaice/Welcome.html.
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