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Analysis of Individual Characteristics in Vowel
Spectral Envelopes

Renta Goto, Keita Misawa, and Yoshifumi Okada

Abstract—The purpose of this study is to understand
frequency bands related to individual voice quality
(individuality) when using the simple vowels of the Japanese
language (“a”, “i”, “u”, “e¢” and “0”). Differences in voice
quality for individual simple vowels are determined by formant
frequencies. In this study, we have attempted to emphasize the
acoustic features of individuality, by masking the frequencies
characterizing these simple vowels. Variance among speakers
(VAS) in the spectral envelopes was used as an index for
detecting individuality. In this paper, we surveyed and reported
the individuality acoustic features for 10 Japanese men.

Index Terms— Individual, masking, simple vowel, Variance
among speakers, spectral envelope

I. INTRODUCTION

URRENTLY, there is an abundance of research for

extracting the individuality of speakers [1], with the aim
of applying this to the voice synthesis and personal
identification fields. From existing studies [2]-[5], it has been
reported that frequency bands containing individuality within
the simple vowel spectral envelopes exist within the range of
1740 Hz to 8000 Hz.

When identifying simple vowels, the frequency of the
formant is vital. The formant is the peak of the frequency
spectrum, and each simple vowel has its own respective
formant [6]. Typically, we are able to identify individuals to a
certain extent from voice quality regardless of differences in
simple vowels. This suggests that individuality is contained
in frequency bands other than the formant (non-formant
region). For this reason, it is considered that, by masking the
formant peak frequency band (formant region), it is possible
to emphasize the frequency bands containing individuality.

In this study, we mask the formants characterizing the
simple vowels, and investigate the frequency bands
containing the individuality characterizing the speakers. As
an index to identify individuality, we use variance among
speakers (VAS) that is variance in the logarithmic amplitude
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Fig. 1. Spectrum envelope

of each frequency point obtained from different speakers.
This paper uses the voices of 10 male speakers and reports
the results of investigating the frequency bands representing
individuality.

Il. SPECTRAL ENVELOPES

Fig. 1 gives an example of spectral envelopes. Spectral
envelopes are two-dimensional graphs where the horizontal
axis is frequency and the vertical axis is the logarithmic
amplitude spectrum. The spectral envelope enables us to
deduce the rough form of the frequency spectrum for the
voice quality of the speaker.

I1l. METHOD

Fig. 2 shows the procedure for this study. In this study,
through the procedure explained below, we calculate
variance among speakers (VAS) from the voice quality of
each subject, to detect the frequency bands most often
contained in the individuality of the speaker.

A. Creation of Voice Samples

Voice samples of the Japanese simple vowels language
(“a”, “1”,“u”, “e” and “0”) are collected from the subject. The
subjects were ten Japanese men in their 20’s. Each speaker
was asked to sound out each simple vowel three times for 1
second or more. The voice samples were collected using an
OLYMPUS-made linear OCM  recorder  (model
number:LS-11). 1000 milliseconds were cut off each
recorded voice sample, and these were divided into four with
each sample being 250 milliseconds. In this way, for each
simple vowel, 12 samples were created from each speaker
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(120 samples for all speakers).

B. Linear Predictive Coding (LPC) analysis and
Masking

The processing of this section is carried out only for
masking. LPC analysis is applied to the samples cut from the
recorded voice, and the formant region detected [7]. The five
types of simple vowels are characterized according to the
formant region and peak values for each spectral envelope.
The range of each simple vowel format is set as follows.

1 1
f*2 6 _ f*26 (1
Here, f is the median value of the formant frequency

obtained from the 120 samples of each simple vowel. In this
study, based on the reference document [6], the first formant
to the third formant was detected using the above-described
range. The LPC coefficient and Fourier transform coefficient
are set to 32 and 2048, respectively. Masking is performed by
attenuating the above-described ranges using the band
elimination filter for each voice sample.

C. Extraction of the Spectral Envelopes

The processing from this section is carried out both with
and without masking.

First, the Fourier transform is performed after applying the
window function to each sample. Next, the cepstrum is
acquired by applying the inverse Fourier transform to the
logarithmic amplitude spectrum. Finally, the spectral
envelope is extracted by performing the Fourier transform
again on the cepstrum after filter processing. The Fourier
coefficient and cepstrum coefficient for spectral envelope
extraction is set to 2048 and 60, respectively.

D. Calculation of VAS

VAS for the logarithmic amplitude spectrum for each
frequency point in each simple vowel is calculated for the
simple vowel spectral envelopes obtained in I11. If the VAS is
large, there is a large disparity in the frequency points
between individuals. That is to say, this means that it contains
individuality. VAS for each frequency point for each simple
vowel is calculated per the following formula.

VAS = %Zn:(xi -m)? (2
i=1

Here, N is the number of samples, X; is the logarithmic

amplitude spectrum for sample i and M is the mean value
of the logarithmic amplitude spectrum for each frequency
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the following preliminary experiment is carried out for each
simple vowel.

First, we calculated the logarithmic amplitude spectrum VAS
at each frequency point for the 120 spectral envelopes related
to each simple vowel. Following this, to investigate whether
there was a significant difference in the VAS between
formant regions and non-formant regions, we used the
Mann-Whitney U test. If the VAS was more significant
among non-formant regions, the non-formant region was
considered to contain more individuality.

Voice sample
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In this study, we suppose that, rather than formant regions l\ """" /’

expressing the simple vowel itself, non-formant regions  Fig. 2. Procedure of this study
contain more individuality. Here, to verify this supposition,
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Comparison of Distribution Values for Masking and
Non-masking

If the supposition in section 1V is correct, by masking the
formant region, it is considered that the features of other
frequency bands shall clearly stand out. Here, we conducted
an experiment to verify this supposition. In concrete terms, to
survey whether there are any differences in VAS with or
without masking for each simple vowel, the Wilcoxon
signed-rank test was used. The frequency band range for
mask processing was set to the same as that of the preliminary
test.

Detection of Frequency Bands Containing Individuality

For each simple vowel, we used the VAS to detect the
frequency bands using individuality according to the
following procedures. We calculated the difference d for
each frequency point between VAS when there was masking
and VAS when there was no masking. When the difference

d in the frequency points was bigger than m, +1SD, the

frequency point is seen as including individuality. Here, m;
is the mean of difference d , and SD is the standard
deviation of difference d for each frequency point.

V. RESULTS AND DISCUSSIONS

A. Preliminary Experiment
" [13%2]

Significant differences were observed in all the “a”, “i”,
“u”, “e” and “o” simple vowels used in the preliminary
experiment (significance standard o=0.05). This result
demonstrated that there are differences in the VAS at the
various frequency points between formant regions and
non-formant regions. That is to say, it shows that information

indicating individuality exists in the non-formant region.

B. Main Experiment

Comparison of Variance Values With and Without Masking

Fig. 3 shows the VAS for the simple vowel “a”. The
broken line in the diagram shows the result without masking
and the solid line is the result with masking. From this
diagram, we can see that multiple frequency bands exist in
which the variance increases when masking is used. In
particular, there is a significant variance in the frequency
bands between 2500 Hz and 4500 Hz. From this, it can be
considered that the features of the simple vowel itself are
counteracted by the formant masking, and the voice quality
features of the respective speakers stand out. These trends
were observed in the same way for all the simple vowels
other than “u”.

Fig. 4 is the VAS for simple vowel “u”. From this diagram,
we can see that the variance increases in many of the
frequency bands. In particular, the variance values were large
in the frequency bands of 4500 Hz or more. This result is
greatly different to that of the other simple vowels. The cause
of this is thought to be that the third formant frequency for the
simple vowel “u” band intermittently exists in a wide range.
The masking range was carried out in relation to a continuous
specific frequency. In the future work, we will introduce a
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masking method for the intermittently existing formant
region.

Detection of Frequency Bands Containing Individuality

Fig. 5 shows frequency bands containing specified
individuality based on VAS. The horizontal axis is the
frequency and the black represents the frequency bands
judged to include individuality and the white represents the
other frequency bands. From this diagram, we can see that
with the simple vowels “a”, “i”, “e” and “0”, the frequency
bands containing individuality appear concentrated within a
particular range (approximately 3500 Hz to 4500 Hz). For
simple vowel “u”, frequency bands containing individuality
appear as the others are seen near 4000 Hz, but were not
observed in any other frequencies. The cause of this is that in

frequencies other than 4000 Hz, as both the mean m, and
standard deviation SD are large, the threshold is not
satisfied. This is thought to be due to the existence of

intermittent formant frequencies as explained in the previous
section.
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Fig. 3. VAS of the simple vowel “a”
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Fig. 4. VAS of the simple vowel “u”
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VI. CONCLUSION

The objective of this study was to understand features
demonstrating individuality from simple vowel spectral
envelopes. This basic idea is that the acoustic features of the
individuality can be emphasized by masking the formant
expressing the features of the simple vowel itself. First, in the
preliminary experiment, for all the “a”, “1”, “u”, “e” and “0”
simple vowels, it was shown that individuality may exist in
the non-formant regions. Furthermore, in the main
experiment, it was shown that for simple vowels other than
“u”, frequencies in which differences between speakers were
significant, that is to say frequency bands that have
information for distinguishing individuals are included
within the range from approximately 3500 Hz to 4500 Hz.

In this study, we dealt with the simple vowels of men. In
the future, we will also conduct experiments on the simple
vowels of women. In addition, it is also necessary to change
the range in which masking is performed, and examine the
trends of variance among speakers (VAS). Moreover, the
development of a speaker recognition method using
information obtained from this study is a vital issue.
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