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THE MUSIC MUSE

Leslie Willson

(ABSTRACT)

Ever wonder why two people can sing the same note with the
same loudness, but sound completely different? Middle C is middle
C no matter who sings it, yet for some reason Lucianno Pavarotti’s
middle C sounds richer and more beautiful than Bob Dylan’s middle C,
for example. But then again, what is beauty in singing? It is a
completely biased and abstract concept. To some, Bob Dylan’s voice
may epitomize tonal beauty, while to others his voice may be
comparable to fingernails on a chalk board. Anyway, differences in
tone quality, or timbre, are due to differences in the spectral
characteristics in different voices. The Music Muse is a computer
program designed to help singers train their voices by showing them
the individual components of their voices that combine to produce
timbre.

In paintings, many colors are combined to produce
different hues and shades of color. The individual colors that make
up the hue are difficult to distinguish. Similarly in  music,
harmonics with varying amplitudes combine to create voice colors,
or timbres. These individual harmonics are difficult to distinguish
by the ear alone. The Music Muse splits the voice up into its
harmonic components by means of a Fourier transform. The
transformed data is then plotted on a harmonic spectrum, from
which singers can observe the number of harmonics in their tone,
and their amplitudes relative to one another. It is these spectral
characteristics that are important to voice timbre.



The amplitudes of the harmonics in a voiced tone are
determined by the resonant frequencies of the vocal tract. These
resonances are called formants. When a harmonic that is produced
by the vocal cords has a frequency that is at or near a formant
frequency, it is amplified. Formants are determined by the length,
size, and shape of the vocal tract. These parameters differ from
person to person, and change during articulation. Optimal tonal
quality during singing is obtained by placing formants at a desired
frequency. The Music Muse calculates the formants of the voice by
means of cepstral analysis. The formants are then plotted. With
this tool, singers can learn how to place their formants.

One of the difficulties of voice training is that singing is
rated on a scale of quality, which is difficult to quantify. Also,
feedback tends to be biased, and therefore subjective in nature. The
Music Muse provides singers with the technology to quantify quality
to a degree that makes it less of an abstract concept, and therefore
more attainable.
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Fig 5.11 Music Muse screen that can be used to monitor vibrato.
The rate and extent are observed to be the number of humps in

the graph and their amplitudes, respectively. This data was
taken from an 1intrained female cinner (RMP ENAQKR)

58



5.7 Registers.

The most common definition of asinging register isa* phonation frequency range in which
all tones are perceived as being produced in a similar way and which possess a similar voice

timbre.”**> The transition from one register to another is characterized by a concrete changein
timbre. Males usually have two distinguishable registers: the modal or normal register for lower
tones, and the falsetto register for higher tones. The transition from one to the other is often

accompanied by short breaksinto the fal setto range.**©

Females generally have threeregisters: the chest register, the middle register, and the head
register. The transitions from chest to middle register and from middle to head register usually
occur around 400 Hz (G4) and 600 Hz (E5) respectively. The transition frequencies for malesis
in the vicinity of 200 to 350 Hz (G3 - F4) for modal to falsetto. These frequencies, however, vary

substantially from person to person.**’

Theam in correct singing isto be able to eliminate timbral variations between registers. This can
happen through training. The Music Muse can display timbral variations that occur, and can help
singers to identify them and to correct them. The differencesin registers will still occur on a

laryngeal level, but will beimperceivable to the listener.**® No matter how imperceivable they are
to the listener, however, they can always be detected by the Music Muse.

115 sundberg pp. 49
116 sundberg pp. 50
17 ibid. pp. 50-51
118 Sundberg pp. 51
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PART Il: THE PROGRAM

Part | of thisthesis explained the science behind the singing voice, and voice quality. It
also presented the information that led to the creation of the Music Muse. Part |1 will now show
how these concepts were brought together to create this innovative new program, and will also
mention related software that is currently on the market. The final chapter will discuss the
conclusion.
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CHAPTER 6: THE DESIGN OF THE MUSIC MUSE

The Music Muse is a virtual instrument, or vi, that was created using
a National Instruments programming system called Labviewd. Unlike
other programming systems, such as BASIC or C, which use text-based
languages to create lines of code, Labview[ uses a graphical programming
language called G, which creates code in a block diagram form. Labview[]
programs are called virtual instruments, because they appear and behave
just like real instruments. They have front panels which can include
graphs, controls and indicators, as well as user interfaces such as knobs
and push buttons. LabviewO also has a library of functions and vi's that
have already been created, that can be used for data aquisition, analysis,
storage, and many other applications, and can be incorporated into new
programs to make programming easier.**°

When the program is run, the first screen that is seen is the one in
Fig 6.1 It simply gives a brief summary of what the program does, its
purpose, how the data is presented, and what the data means. At the
bottom of this screen are three option buttons. The Quit button ends the
program. The How Does It Work? button calls up a series of screens that
give more information on what the program does, and the Main Menu button
brings up the main menu of program options.

When the How Does It Work? button is pushed, a series of screens
like those in Appendix A are displayed. These screens are for first time
users of the program. They define overtones, harmonic spectra, and
formants, and explain how each is important to voice timbre. All of this
information is presented in language that is meant to be comprehended by
people who have no technical background. It is also crucial that the non-
technical audience view these screens, or else they will have a small
chance of being able to understand the data.

The Music Muse is comprised of five main vi's, all of which have
front panels that are accessed from the main menu. The main menu is
shown in Fig 6.2. The Single Voice Options vi's collect and process data
from a single voice. The Two Voice Comparison Options vi's are used to

119 LabviewO for Macintosh User Manual 1994, pp. 1-1 to 1-2
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compare the characteristics of two voices. The front panels of the vi's
are accessed by clicking on the corresponding buttons. The quit button
brings the user back to the first screen.

When a vi button is clicked, before the front panel appears on the screen,
an introduction screen comes up. Fig 6.3 shows the introduction screen
that appears when the Continuously Record A Voice button is clicked.
These screens are there to give the user a description of what the
corresponding front panel does, and brief user instructions. The Continue
button brings up the front panel. The Return button takes the user back to
the main menu. The Example button is for new users. It brings up a series
of help screens that go into greater detail on how the front panel is to be
used, with more explicit instructions. It also shows a sample screen, and
tells how to read the data. All of the vi screens are in Appendix A.

Careful consideration was taken in the design of the Music Muse to make
as user friendly and non-intimidating as possible for non-technical users.
Each front panel comes equipped with a Help Screen button, which calls up
a list of user instructions. The Help Screen window from the Continuously
Record A Voice And Compare vi is shown is Fig 6.4 As an added help
measure, information on any front panel object can be obtained by
pressing the apple key and clicking on the desired item. A pop-up menu
will then appear, from which the Descriptions option must be chosen. A
written description of the item will then appear. Finally, the Quit and
Stop buttons on each of the front panels bring the user back to the
previous screens, from which the Example buttons can be accessed for a
review of how the front panel screens are used.

In order to run the Music Muse, the user must have either the PC or
Macintosh versions of Labview[l, a microphone, a speaker, and a data
acquisition board. If the microphone or speaker being used are not
powerful enough to drive the signal, an amplifier must be used. Also,
depending on the frequency response of the microphone, a low pass filter
set to a cut off frequency of 2 kHz for the Continuously Record vi’s and 5
kHz for the rest of the vi’s, should be used. The Music Muse was designed
on a Macintosh Quadra 950. During its creation, a Realistic microphone, a
Hi-Tex CP-18 speaker, and an NB-A2000 DAQ board were used.
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THE MUSIC MUSE

This program was designed as a tool to help singers improve voice
timbre by observing their harmonic spectra. The program records a
voice, and displays the important characterstics of that voice in
amplitude—time plots, overtone plots, and formant plots. To begin,
press the gray arrow at the top left corner of this screen.

The amplitude—-time plots show how the shape of the waveform
changes with time. The important characteristics that are revealed
with this plot are the rate and extent of vibrato.

The overtone plots are the harmonic spectra. They show the
overtones present in the sound, and their relative amplitudes. These
plots can be saved, plaved back, and compared to other overtone plots
on the same screen.

The formant plots simply show which formants are present. The
formant graphs are especially useful for more advanced singers. To
continue, choose from the options below. WHAT DOES IT ALL MEAN??
defines harmonic spectra, formants, and all the concepts that this
program deals with, and how they relate to singing. MAIN MENU takes
vou to the main menu of options. QUIT ends the program.

WHAT DOES
IT ALL MEAN?? QUIT

Fig 6.1 First screen of the Music Muse. (BMP, 509KB)
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Fig 6.2 Music Muse main menu
(BMP, 509KB)
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This screen allows you to record your voice and watch it
change while you sing. Both an amplitude-time plot and an
overtone plot are shown. Make sure that the microphone is
connected to the input channel with the same number as the
"input channel" indicator.

To record your voidts, start singing and then press the
Record button. The pause button stops the program from
recording. The quit button brings you back to this screen.
The program must be paused before it can be quit. Faeices
recarded and saved wath this screen can only be anafyzed an

the Continuonsly Record A Voice And Compare screen. You
can obtain information on any of the items on the screen by
pressing the Apple key while clicking on the item, and then
selecting Description from the resulting menu. A Help
Screen button will be available to give you more instructions.
If you have never used this program before, press Example.
Otherwise, press Continue to enter the program.

) e ]

Fig 6.3 Introduction screen for Continuously
Record A Voice (BMP, 509KB)

65



& File Edit Help 2 )

INSTRUCTIONS:
A. To record your voice:

. Make sure that the mic is connected
to the sound board jack indicated by
the Input Channel indicator boH.

. Begin singin

. Prgss Recgurg. _HELF

. Press pause to stop recording. SCREEN

. To retrieve a voice file from disk,

press Get Reference Doice L

. To sare your voice as a file, press
Save. You can only save while the ——
RECORD

recording is paused. ( .

. Click and drag the cursor to any
position, and the value of the graph
at that position will be displayed in
the cursor display box below the
graph.

. To zoom in on a particular region of a
graph, change the axis ranges by

dragging the mouse across an axis ( SAVE
=

Amplitude

value and typing in a new one.

. To end the session, press Quit. You CET
must pause the recording before you (REFERENCE
can quit. VOICE

. For more information on any item on
the screen, Apple-click on the item and (W
select Description from the resulting o

pop-up menu.

“
'y r

Fig 6.4 Help Screen window from the
Continuously Record A Voice And Compare vi.
(BMP, 509KB)
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Fig 6.5 Record A Voice vi front panel. (BMP,
509KB)

6.1 Record A Voice

The Record A Voice screen is the simplest Music Muse screen, and is
shown in Fig 6.5. It simply records a 3 second sample of a voice, and
displays the signal in the time and frequency domains. The time domain
plot is used to monitor the amount of vibrato in the signal. The vibrato in
Fig 6.5 is from the voice of an untrained female. The harmonics are
displayed in the Overtone plot. This overtone plot, as well as all of the
other overtone plots in the Music Muse, actually shows the amplitude
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spectrum of the data. Each overtone is spread over a small frequency
range as a result of leakage, but primarily as a result of the frequency
modulation caused by the vibrato.

The voice data that is acquired with this is sampled at 10000
samples/second. This sampling rate was chosen because its bandwidth is
high enough to capture most of the relevant frequency data that can be
found in the harmonic spectra of voices, and it is low enough to cut down
on processing time. The figure in Appendix B shows the comparison plots
of data collected and sampled at 10 kHz, and data sampled at 20 kHz. In
both cases, a female is singing a fundamental around 900 Hz, which is in
the upper vocal range. It can be seen that even for a fundamental in this
range, the amplitudes of the harmonics are insignificant beyond the 5000
Hz bandwidth. Therefore, it can be assumed that most human voices will
not produce significant harmonic information above this frequency range.

Once the data is collected, it is divided into blocks of 1024 samples.
An FFT of each block of data is calculated, and the results are averaged
together and plotted on the Overtones plot on the screen. The calculation
of the FFT is based on the assumption that the data is ergotic. Therefore,
this vi is used to analyze one vowel sound at a time. All of the vi's except
for the two Continuously Record screens acquire data the same way.

Before recording a voice on this screen or any other, the microphone
and speaker must be connected to the correct jacks on the data acquisition
board. These jacks are indicated by the Input Channel and Output Channel
indicators on the screens, respectively. Then user must start singing
first, and then press the Record button. By singing first and then
acquiring the data, the transients in the voice that are associated with
the vocal attack are neglected, and the signal is that much closer to being
ergotic. Once the voice signal has been acquired, it can be played back
through the speakers. When the user presses Playback on this screen or
any other, the vi simply converts the time signal back to analog, and plays
it back through the speakers.

The yellow perpendicular lines in the Overtone graph of Fig 6.5

indicate the cursor position. The value of the cursor position is indicated
in the cursor display box below the graph. The cursor can be dragged to
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different positions so that the values of the harmonics can be observed.
For a finer resolution, the ranges of the graphs can be manually altered.
The user must simply drag the mouse across the axis value to be changed,
and type in a new one. These two features are available to all of the Music
Muse graphs.

To save the voice data, the user must press save. A dialogue box
will appear with instruction. These data files can be retrieved later and
analyzed on other screens. The Help Screen button can be pressed for a
simple list of user instructions. This button will appear on all of the
screens. The black arrow at the top left corner of the screen indicates
that the vi is running. If for any reason this button changes from black to
gray, the user must click on the arrow to start the vi back up. These
instruction all appear in the help and introduction screens of the vi, which
are shown in Appendix A.
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Recording
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(' RECORD

Amplitude

Fig 6.6 Continuously Record A Voice vi
front panel. (BMP, 454KB)

6.2 Continuously Record A Voice

The Continuously Record A Voice vi works the same way as the
Record A Voice vi, except it continuously acquires data and updates the
graphs. Fig 6.6 Shows the front panel of this vi. The Amplitude-Time
graph updates itself by adding on new data points at the right hand side,
so that the graph appears to move to the left with as time progresses.
The Overtone graph updates itself by changing the amplitudes and
frequencies of the harmonics as needed.

Because the vi is constantly reading in new data, processing it, and
updating the graphs on the front panel, the data is collected with a
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sampling rate of only 4000 samples/sec, and the graphs plot 4000 data
points at a time. The low sampling rate only provides the vi with a
bandwidth of 2000 Hz. Consequently, only a few harmonics can be
observed. Also, higher harmonics produced by first soprano singers will
be neglected. Also as a consequence of the low sampling rate, these voice
sighals cannot be played back because the lack of frequency information
would distort the sound. This vi calculates the FFT of the entire block of
data at once, instead of dividing it into blocks of 1024, as another
measure to save computing time. The objective of this vi was to produce
the highest quality of results as close to real-time as possible.

The usage instructions are similar to the instructions for the Record
A Voice vi. First, the microphone must be connected to the jack indicated
by the Input Channel indicator box. Next, the user must first begin
singing, and then press Record. To stop the data acquisition process, the
user must press Pause. When the acquisition is paused, the last 4000 data
points will remain on the graphs. This data can be saved via the Save
button. The data saved on this screen can only be analyzed on the
Continuously Record A Voice And Compare screen. To exit the vi, the user
clicks the Quit button. The acquisition must be paused before the vi can
be quit. A cursor and cursor display box are provided so the user can
observe the values of the harmonics.
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Fig 6.7 Continuously Record A Voice And
Compare vi front panel. (BMP, 509KB)

6.3 Continuously Record A Voice And Compare

This screen works exactly like the Continuously Record A Voice And
Compare vi, except it allows the user to retrieve a voice file for
comparison by clicking the Get Reference Voice button. Its front panel is
shown in Fig 6.7. The comparison voice must have been acquired with this
vi, or with the Continuously Record A Voice vi. With this vi, the user can
not only compare his harmonics with someone else’s, but also watch his
voice change while trying to emulate the reference voice. The screen if
Fig. 6.7 compares an “00” on the left to an “ah” on the right, sung by the
same singer at the same fundamental frequency.
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Observe Difference In
Overtones

Fig 6.8 Observe Difference In Overtones
vi Front Panel (BMP, 509KB)

6.4 Observe Difference In Overtones

With this vi, the user can compare the differences between the
overtones of two voices by calculation. The front panel is shown in Fig
6.8. The screen calculates the amplitude spectra of two voices, and then
calculates the difference between the two as Voice 2 - Voice 1. These
differences are then plotted on the graph at the bottom of the screen.
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Fig 6.9 Calculate Formant Frequencies
vi front panel. (PCX, 77KB)

With this screen, the user can see immediately the differences in the two
spectra. The user can also re-acquire data and watch the differences
increase or decrease. The voice data that is analyzed on this screen can
be recorded on any screen except for either of the Continuously Record
screen. To record a voice with this screen, the user begins singing and
then clicks on the appropriate Record button. To retrieve a voice that has
already been saved as a file, the user must click the Get File button and
then follow the directions on the resulting dialogue box. The user can also
save a voice as a file by clicking on Save and following the directions.

6.5 Calculate Formants

The formant vi calculates the FFT of a signal and displays the
amplitude spectrum of the data, and then calculates the formant
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frequencies and plots them under the corresponding amplitude spectrum.
Its front panel is shown in Fig 6.9. The formant frequencies are the
source of voice timbre because they dictate which harmonics have the
highest amplitudes and which have the lowest. The formants frequencies
are the peaks in the formant plots, and are located at the frequencies
where the amplitudes are the highest in the corresponding overtone plots.
This vi analyzes data recorded using every Music Muse vi except for the
two Continuously Record vi's. For the formants calculations, the data is
divided into blocks of 256 data points, corresponding to 25.6 ms intervals.
The formants for each block of data are then calculated by cepstral
analysis, as was explained in Chapter 3. The formants from each data
block are then averaged together and plotted.

To prove that the formants calculated by the Music Muse are correct,
a signal with known formant frequencies was generated and entered into
the Calculate Formants vi. The calculation results were then plotted on a
different screen, which is shown in Fig 6.10, where the following signal
was generated and entered into the program:

y = sin(Fo) + sin(2Fo) + sin(3Fo) + 8sin(4Fo) + sin(5Fo) + sin(6Fo) +
sin(7Fo)
+ 8sin(8Fo0) + sin(9Fo) + sin(10Fo0)

where F is was the fundamental frequency, equal to 256 Hz. The
harmonics at 1024 Hz and 2048 Hz (4Fo and 8Fo) are known to be
amplified, so theoretically the formant plots should show peaks at the
two amplified frequencies. The Music Muse calculated results do show
obvious peaks at 1024 Hz and 2048 Hz as was predicted, thus the
calculations correctly suggest the existence of formants at these
frequencies.
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Fig 6.10 Music Muse calculations of formants of a
generated signal with known formant values at
1024 Hz and 4096 Hz. (BMP, 509KB)

6.6 Areas For Future Improvement

The Music Muse does have some shortcomings that must be overcome
before it can be marketed. For starters, the program is slow to process
the recorded information. The Music Muse requires the execution of a
plethora of calculations and commands, which take more than a few
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seconds to complete. The problem can be rectified by the use of a more
recent version of Labviewl. Another solution to this problem might be to
recreate the Music Muse using a different source of code.

The Continuously Record vi's have several problems that are caused
by Labview[l limitations. The vi's collect data at a rate of 4096
samples/sec, and plots 4096 data points at a time. However, the program
takes longer than 1 second to render all 4096 points onto the graph,
especially the data that must first be converted to frequency information
via the Fourier transform. As a result, the data is not plotted in real time.
What the user sees on the graph was actually acquired a few seconds
earlier. The data that has been acquired but not plotted collects in a
buffer that can hold up to 80,000 data points. The problem is, after a
while the buffer fills up and an error message appears and stops the
acquisition process.

The problem with the backlog of data in the buffer leads to another
problem. Once the data leaves the buffer, it goes directly to the
amplitude-time graph to be plotted, and then it also goes through an FFT
block to be processed and then plotted on the overtone plot. The FFT
process takes a little extra time. As a result, the data in the time graph
iIs not plotted at the exact instant as the FFT data, so the graphs do not
completely correspond. In other words, what the user sees on the
overtone plot does not always correspond to what he sees on the time plot.
These problem must be rectified either by LabviewO with the production
of updated versions, or with the implementation of another source of code.

As a measure of improvement, the Music Muse should divide all
frequency information into octave bands that correspond to the notes on
the piano. This would make the program a little simpler for the non-
technical musician to understand. The axes could then be labeled with
letters instead of frequencies.
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CHAPTER 7: RELATED SOFTWARE

Although the Music Muse is an innovative tool, it is not the only one.
There are many software packages available that are similar to the Music
Muse. One company in particular, Kay Elemetrics Inc, is a manufacturing
company that specializes in software for speech pathology, and
manufactures a few similar state-of-the-art versions of the Music Muse.
Also, similar software is now being used in the automobile industry. This
chapter will present these and other related software packages currently
on the market.

7.1 Pro-Audio Analyzer

Intelligent Devices is a manufacturing company that produces
software packages and plug-in computer accessories for computer music
and studio-type editing. One such accessory, the Pro-Audio Analyzer, is
an acoustical analysis tool that displays the amplitude-time waveform of
a music sample, as well as the FFT, all in real time. This software is
similar to the Music Muse Continuously Record vi. The Pro-Audio-Analyzer
displays the FFT of a signal on a bar graph with 1/3 octave bands.
Floating above the bars are peak indicators, that show time averaged
peaks for the individual center frequencies. The peaks are averaged over a
manually set interval of time.*?° The Waveform Monitor and Spectrum
Analyzer screens from the Pro-Audio Analyzer are shown in Appendix C.1.

7.2 Digital Performer 1.7 with PureDSP

Mark of the Unicorn, Inc, is another corporation that manufactures
computer products for musicians. One such product is the Digital
Performer 1.7 with PureDSP. It can be used to analyze the voice, like the
Music Muse, but its intended purpose is editing musical samples. The
Digital Performer is a Macintosh compatible, MIDI Sequencer and Audio
Recorder. However, additional hardware is required for recording.
Compatible hardware is manufactured by a company called Digidesign. The
Digital Performer is essentially a home studio for editing musical
samples. It uses spectral analysis not only to display spectral effects,

120 Intelligent Devices
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like the Music Muse, but to change spectral effects. With the Digital
Performer, musicians can pitch shift, time compress and stretch, and
gender bend.*?*

The pitch shifting feature allows musicians to transpose voices or
modulate whole samples into higher or lower keys, without losing sound
quality. In other words, voices can be raised an octave without sounding
like chipmunks, and can be lowered an octave without sounding like Darth
Vader in the end. For example, the melody of a sample can be transpose up
a third and down an octave to create harmonies of the same voice. Also, if
a particular voice is flat, it can be transposed into the correct key. Also,
an entire sample can be modulated into another key all at the same
time.*??

The time stretch and compress feature uses spectral analysis to
change the tempos of samples without changing pitch. For example, a 5
second sample can be stretched out to 7 seconds without the fundamental
frequencies or formants being lowered, or it can be compressed into 3
seconds without the fundamental frequencies or formants being raised.***

Finally, the gender bending feature uses spectral analysis to change
timbral characteristics. Male voices can be transformed spectrally into
their female counterparts, and vice versa, by manually changing the
formants frequencies. For example, a tenor could be transformed into a
bass, an alto and a soprano, and a whole chorus of one voice can be
created. Also, since the timbral changes are manual, voices can be played
with to create an infinite number of new timbres.*?*

121 Mark of the Unicorn
122 ipjd.
123 ibid.
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7.3 Kay Elemetrics Corp.

As was mentioned before, Kay Elemetrics is a manufacturing
company for speech pathology software. They specialize in acoustical
analysis and imaging instrumentation. One such product is the
Computerized Speech Lab, CSLI. CSLO is a completely integrated system
that includes both hardware and software, and was designed to work in
conjunction with a host PC personal computer.*?®

One of its Music Muse related options is the Sona-Match, Model 4327,
shown in Appendix C.2. The Sona-Match records the voice, and displays a
duel-screen of vowel formant frequencies in real time. The two screens
show the same data, but with different frequency ranges that can be
manually altered. The feedback is superimposed on top of a graph showing
a targeted vowel formant graph, for comparison. Unlike the Music Muse,
which calculates formants via cepstral analysis, the Sona-Match uses
linear predictive coding to calculate formants.

Another CSLI option is the Real-Time Spectrogram, Model 4329.
This option graphs the FFT of a signal in real-time in the form of a
spectrogram. A sample screen is shown in Appendix C.3. The spectrogram
plots frequency vs time, as opposed to the way the Music Muse plots
frequency vs amplitude. In addition, the plot has a duel-screen, so that a
target spectrogram can be plotted for comparison. Also, unlike the Music
Muse, the Real-Time Spectrogram data can be scrolled back to view
previous data.'?®

An additional CSLO feature is the Multi-Dimensional Voice Program,
Model 4305. This option calculates over 22 voice quality parameters,
including average fundamental frequency, fundamental frequency
variation, and noise-to-harmonic ration. These parameters are displayed
graphically, as shown in Appendix C.4, against a set of normal parameter
values. These vocal quality parameters indicate far more than tonal

125 Kay Elemetrics
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beauty. This program, to a much greater degree than the Music Muse, is
intended to help diagnose vocal abnormalities.*?’

7.4 NVH Applications

Software similar to the Music Muse has now found its way into the
automobile industry by way of a new genre of acoustics called sound
quality, or NVH, for noise, vibration, and harshness. For a long time, car
makers have been designing cars with minimal noise. Until recently,
however, they only concerned themselves with noise levels. Now, cars are
being designed to have good noises, as opposed to bad noises. For
instance, the low rumble of twin exhausts is a good noise for sports cars,
but valve clatter is definitely bad.**®

Laboratories such as Structural Dynamics Research Corporation
(SDRC) have been investigating which noises are considered bad, and which
are good, and are developing software to identify such noises. Walter
Esser, manager of the NVH lab at Chrysler, says that "we have engineered
cars to be so quiet that customers now hear noises that were previously
masked. It's a hunt for the source of undesirable sound. The trick is not
so much to eliminate sound from the vehicle, but to tune and enhance them
to give the car pleasing acoustics.”*??

Software similar to the Music Muse Continuously Record vi’s is used
to identify the spectral components of the unpleasant noises of
automobiles. A sample screen from such software is shown in Appendix
C.5. takes recordings from the sounds inside cars, and shows the FFT of
the signals in real-time. Suspected annoying frequencies can then be
edited out, and the signals can be played back to see if the sounds improve.
The most widely used method of identifying good vs bad frequencies is to
organized panels of people, called juries, to listen to recordings of car
sounds with this software, and give their opinions.*3°

127 ibid.
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CHAPTER 8: CONCLUSIONS

The Music Muse program is a tool that helps singers train their
voices by showing them the components in their voices that contribute to
timbre: the number of harmonics in the voice, and their amplitudes
relative to one another. The Music Muse accomplishes this by applying
Fourier analysis and cepstral analysis to voice signals, and displaying the
resulting harmonic spectra and formant frequency plots. The harmonic
spectra plots reveal the harmonic content in the voice, and the relative
harmonic amplitudes. The formant plots display the frequency response of
the throat, from which the formants can be determined. By using the
Music Muse, singers can learn how to manipulate their formants and
change their spectra vocally, to produce desired sounds.

The Music Muse program contributes to traditional voice training
because it supplies the user with objective feedback. With this program,
singers do not have to rely solely on their own biased perceptions of their
sound, nor on the perceptions and subjective feedback of others. This
program provides a visual image of the voice in its raw form, before it has
been altered by the ear. The beauty of a singing voice has traditionally
been rated on a scale of quality. The Music Muse program brings just
enough science to the art of singing to calibrate the quality scale, and
quantify vocal beauty.
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