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Abstract

Speaker individualities in Fg contours are investi-
gated through analyses of several speakers' ut-
tered speech and psychoacoustic experiments.
The stimuli for the experiments are re-synthesized
with manipulated Fg contours and spectral en-
velopes averaged overall speakers by using the
Log Magnitude Approximation analysis-synthesis
system. The analysis and experimental results indi-
cate that (1) there are speaker individualities in the
Fp contours, (2) some specific parameters related
to the dynamics of Fp contours have many speaker
individuality features and the speaker individualities
can be controlled by manipulating these parame-
ters, and (3) although there are speaker individual-
ity features in the time-averaged Fg contours, they
help improve speaker identification less than the
dynamics of the Fp contours.

Keywords: Features of speaker individualities, Speaker
individuality control, Fy contours

INTRODUCTION

This paper assumes that the physical character-
istics used for speaker identification by humans are sig-
nificant physical characteristics representing speaker in-
dividualities, and it describes physical characteristics em-
bedded in the fundamental frequency (Fg) contours
through psychoacoustic experiments. Adding speaker in-
dividualities to synthesized speech makes the speech
sound more natural and easier to listen to, but some
physical characteristics related to speaker individualities
must be specified to add and manipulate speaker individ-
ualities. Previous research has suggested that there are
spectral envelopes and Fg contours mainly related to
speaker individualities, and some relations between the
spectral envelopes and speaker individualities have been
reported[1]. This paper focuses on speaker individualities
in the Fy contours.

The analysis method proposed by Fujisaki and
Hirose|[2] was used to extract and manipulate the physi-
cal characteristics, and the Log Magnitude Approxima-
tion (LMA) analysis-synthesis system[3] was used to
prepare synthesized stimuli with varied Fp contours. The
experiments described here show the following: (1)
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speaker individualities exist in the Fg contours; (2)
some specific parameters representing Ig contours have
speaker individuality features, and manipulation of these
parameters can control speaker individualities; and (3)
shifting the time-averaged Fj contours often used for
automatic speaker identification or verification has little
effect on speaker identification rates in psychoacoustic
experiments.

ANALYSIS OF Fp CONTOURS

Representation of Fg contours

The analysis method of Fujisaki and Hirose
represents [y contour £ (£)  as follows:

InF,(6)=1nF, + 3. A G (t-T,)

i=1
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)
where F;, is the baseline value of an Fy contour, A, is
the magnitude of the i-th phrase command, A, is the
amplitude of the j-th accent command, / is the number
of phrase commands, J is the number of accent
commands, T is the timing of the i-th phrase control,
71]. and sz are onset and offset of the j-th accent
command, and & and 3 are natural angular frequencies
of the phrase and accent control mechanism of the phrase
and accent commands. Parameters & and /3, respec-
tively, characterize dynamic properties of the laryngeal
mechanisms for phrase and accent control and they may
not vary widely between utterances and speakers[4].
Thus they were fixed at @ = 3.0 and 3=20.0. The
negative phrase command at the end of the utterance was
used as 7.

Speech data
The speech data for all the experiments are
three-mora words with one accent on the second mora —
such as "a0i" (blue), "nagai" (long), and "niou"
(smell) — uttered by three male speakers (KI, KO, and
YO). They were sampled at 20 kHz with 16-bit
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Fig. 1. F contour of the word " a0i" (blue) uttered by
one male speaker and its fitted curve based on Eq. (1).

accuracy. The speech data were analyzed by using 16-th
order LPC in 30 msec. Hanning window at every 5
msec. period and auto-correlation of their residuals were
calculated to estimate their Fp contours. Then, Eq. (1)
was fitted to the contours. Figure 1 illustrates an Fp
contour and a fitted curve of the word "ao0i" (blue)
uttered by one male speaker.

Analyzed results
To identify physical characteristics that repre-
sent speaker individualities in the analyzed parameters,
we calculated the F ratio (inter-speaker variation divided
by averaged intra-speaker variations) for each parameter:

E=[T -4 IASE -]
g = Vo
)

where Cii is the j-th observation of the i-th speaker for
the parameter k. The largest F ratio indicates the parame-
ter most significant for speaker identification. Figure 2
shows, for example, the F ratio for each parameter of the
word " a01." Note that A of AT, in Fig. 2 indicates the
difference between the command timing and the mora
boundary. These results suggest that the F ratios of three
parameters— F4, A, and A, — are much larger than

5
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Fig. 2. F ratio of each parameter. (word " a01")
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those of the other parameters and are significant for per-
ceptual speaker identification.

PSYCHOACOUSTIC EXPERIMENTS

Psychoacoustic experiments were catried out to
clarify whether speaker individualities exist in the Fy
contours (Experiment 1), whether the three parameters
Fy, A, and A, are effective for identifying speakers
(Experiment 2), and whether speaker individualities can
be manipulated by shifting the time-averaged Fg con-
tours (Experiment 3).

Experiment 1
A. Stimuli

The stimuli were original speech waves and
speech waves re-synthesized from their FFT cepstral data
by using the LMA analysis-synthesis system[3]. Four
types of stimuli were used: (a) original speech waves,
{(b) LMA speech waves without replacement, {(c) LMA
speech waves with spectral and amplitude envelopes av-
eraged for the three speakers (called spectral-averaged
LMA), and (d) spectral-averaged LMA speech waves
whose Fp contours were modeled by Eq. (1) (called Fg
modeled LMA).

The spectral-averaged LMA was calculated as
follows. Since the time lengths of words uttered by three
speakers were different, a dynamic programming tech-
nique (DP) was adopted to shorten or lengthen each
word. The time-warped FFT-cepstral sequences were av-
eraged in each frame and inversely re-lengthened or re-
shortened by using each DP-path. The calculated FFT-
cepstral sequence was the spectral-averaged FFT-cepstral
sequence with the same length as the original. Thus, the
spectral-averaged LMA was re-synthesized with the spec-
tral-averaged FFT-cepstral sequence and the extracted Fy
contour. On the contrary, the F) modeled LMA was re-
synthesized with the spectral-averaged FFT-cepstral se-
quence and the modeled Fy contour by Eq. (1).

B. Procedure

The stimuli were presented through binaural
earphones at a comfortable loudness level in a sound-
proof room (27.7 dB(A)). Each stimulus was randomly
presented to each subject six times. The subjects were
ten male graduate students very familiar with characteris-
tics of the speakers' voices. The task was to identify the
speakers. When they could not identify the speaker, they
responded with "X." Speaker identification rates for the
stimuli were averaged for all subjects. This procedure
was also used in the two other experiments.

C. Results and Discussion

The speaker identification rates are shown in

Fig. 3 and the F-test results are listed in Table 1. The re-
sults suggest that:
(1) Speaker individualities remain in the LMA analysis-
synthesis speech (F(1,18)=2.82 < F(1,18;0.05)=4.41.
The speaker identification rates is 99.11% for the origi-
nal speech waves and 97.35% for the LMA speech
waves without replacement.).
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Table 1. F-test results of Experiment 1. F(1,18; 0.05)=4.41.
simulipair | @)-0) (b0 (©-@
result | 2.82 7.35 1.67
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Fig. 3. Speaker identification rates of Experiment 1.

(2) The speaker identification rate for the spectral-aver-
aged LMA speech waves is 92.03%, although
F(1,18)=7.35 > F(1,18;0.05)=4.41 between stimuli (b)
and (c). This indicates there are speaker individualities in
the Fg contours and speaker individualities also exist in
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the spectral envelopes. These results are consistent with
previous research results[1][5][6].

(3) Speaker individualities still remain in the Fyy con-
tours calculated using Eq. (1), because the speaker identi-
fication rate for the Fp modeled LMA speech waves is
88.2 % and F(1,18)=1.67 < 4.41 between stimuli (c) and
(.

Experiment 2

A. Stimuli

To clarify whether the three parameters F;,
Ap, and A, are effective for identifying speakers, the
types of stimuli used were (a) F modeled LMA and (b)
modified Fp modeled LMA speech waves. The modified
Fp modeled LMA was re-synthesized with the spectral-
averaged FFT-cepstral sequence and the modified Fip con-
tour whose parameters F,, Ap, and A, were replaced
with those of another speaker. Figure 4 is a schematic
diagram of the parameter replacement.
B. Results and Discussion

The speaker identification rates are shown in
Fig. 5. These results indicate that the parameters F,,
A, and A, are significant in controlling speech qual-
ity. The speaker identification rate of the destination
speaker for modified Fp modeled LMA speech waves is
88.9% and F(1,18)=0.05 between (a) and (b-2) in Fig. 5.
These results suggest that speaker individualities are
mainly related to the three parameters and timing is not
particularly significant in identifying speakers.
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Fig. 4. Schematic diagram of parameter replacement.
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Experiment 3

A. Stimuli

The types of stimuli used were (a} spectral-aver-
aged LMA and (b) Fy shifted LMA speech waves whose
time-averaged Iy contours were shifted to equal those of
another speaker (called Fy shifted LMA). This was to
clarify whether speaker individualities can be manipu-
lated by shifting the time-averaged Fy contours.
B. Results and Discussion

The speaker identification rates are shown in
Fig. 6 and the F-test results are listed in Table 2.
Shifting the time-averaged Fyy contour of one speaker to
that of another speaker causes perceptual confusion dur-
ing speaker identification. The identification rate of a
destination speaker for the Fp shifted LMA is 37.2 %
(See (b-2) in Fig. 6) and that of original speaker for the
Fy shifted LMA is 50.8 % (See (b-1) in Fig. 6). Also,
F(1,18)=2.59 between (b-1) and (b-2), and
F(1,18)=24.63 or 67.50 between the spectral-averaged
LMA and (b-1) or (b-2), respectively.

CONCLUSIONS

The experimental results lead to the following
three conclusions:
(1) The results of Experiment 1 indicate that speaker in-
dividualities exist in both the Fyy contours and the spec-
tral envelopes and speaker individualities remain in the
Fy contours calculated using Eq. (1). These results are
consistent with previous research results[1]{5][6].
(2) Experiment 2 showed that the parameters F,, A,
and Aa , which are relative to the dynamics of Fj con-
tours, are significant in controlling speech quality.
These results suggest that speaker individualities can be
controlled when the three parameters can be manipulated.
(3) Experiment 3 showed that shifting the time-averaged
Fp contour of one speaker to that of another does not
provide a high speaker identification rate. Although the
time-averaged Fy) contours are often used as a distinctive
feature for automatic speaker identification and verifica-
tion, these values are not as significant as the dynamics
of the F contours.
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Fig. 5. Speaker identification rates of Experiment 2.
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Fig. 6. Speaker identification rates of Experiment 3.
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