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Abstract

We conducted a comparative study of a voice produced by a pro-
fessional impersonator imitating a target speaker to explore the
acoustical characteristics that the impersonator changes from
his natural voice to imitate a target voice. Comparison of the
pitch frequency of the target and imitated voices showed that
the mean and dynamics of the pitch frequency of the imitated
voice are changed so that they become closer to those of the tar-
get voice. The spectra of vowels uttered by the speakers are also
similar in their shape and formant frequencies. In the imitated
voice, the formant frequencies shift by up to 68 % from those
of the impersonator’s natural voice. Moreover, the differences
between the amplitudes of the first and second harmonics (H1-
H2), a measure of the glottal source characteristics, of the target
and imitated voices are small. These results clearly demonstrate
that the impersonator controls vocal tract acoustic characteris-
tics as well as those of the glottal source and pitch frequency to
imitate the target voice.
Index Terms: imitated voice, impersonator, pitch frequency,
vocal tract acoustic characteristics, glottal source characteristics

1. Introduction
Impersonators, who can closely imitate other speakers’ voices,
are an intriguing subject of speech science. Which acoustic
characteristics do they adjust to those of the target voice? How
do they control their speech production system while imitating
a voice? How can we find that the imitated voice resembles the
target one? The answers to these questions may offer fruitful in-
sights into studies on the perception of speaker individuality and
voice conversion in synthetic speech. Except for a few previous
studies [1]-[4], however, imitated voices have not been studied,
probably because of the difficulty of obtaining subjects who can
dexterously imitate voices. The aim of the present study is thus
to explore the acoustical characteristics that a professional im-
personator changes from his natural voice to imitate a target
voice.

In an earlier study, Suzuki [1] analyzed an imitated ut-
terance by a professional impersonator and showed that some
properties appeared in spectrograms that are clearly different
from the target utterance, although a human ear cannot per-
ceive these differences. Recently, Zetterholm [2]-[4] has car-
ried out auditory and acoustic analyses of imitated utterances.
She demonstrated that a professional impersonator captures
the speech style, dialect, pronunciation, and intonation pat-
tern. These studies have revealed the acoustic characteristics
and speech behavior captured by impersonators to imitate tar-
get voices; however, we have not yet answered the above ques-
tions. In the present study, we therefore make another attempt
to analyze an imitated voice.

In this paper, we describe the results of the acoustical anal-
yses of a target speaker’s voice, the voice imitated by a profes-
sional impersonator, and the impersonator’s natural voice, and
speculate on how he controls his speech production system to
imitate the target voice.

2. Speech data
A target speaker (a professional comic storyteller) and a profes-
sional impersonator recorded the following two sentences at a
sampling rate of 16 kHz with 16-bit resolution. In this study, the
former and latter speakers are referred to as Speakers A and B,
respectively. Speaker B recorded the sentences in the imitated
voice and his natural voice on separate days.

Sentence 1 Ichidode i:kara mitemitai, nyo:boga hesokuri
kakusutoko. (Just once, I wish to catch my wife hiding
her secret savings.)

Sentence 2 Dekakeru nekoni yukisaki kikeba, ryoko:ga sukide
mata tabida. (Asked where to go, the cat replied that
he is going on a travel again because he loves to. (This
Japanese sentence has a humorous play on words.))

When Speaker B imitated Speaker A’s voice, he spoke im-
mediately after Speaker A’s utterances, that is, he followed the
target utterances. Speaker B recorded his natural voice alone
on another day. Each sentence was produced twice (Speaker B
produced each sentence twice in the imitated voice and his nat-
ural voice.). We used one sample per sentence in the analysis,
and thus analyzed three utterances for each sentence.

3. Analysis method
To explore the acoustical characteristics that Speaker B con-
trolled to imitate Speaker A, we measured (1) the pitch fre-
quency, (2) discrete Fourier transform (DFT) spectra, (3) for-
mant frequencies, (4) the difference between the amplitudes of
the first and second harmonics (H1-H2) [5], and (5) the syl-
lable duration, and compared them between the speakers and
between the manner of speech (imitated and natural voicing).
The power of the speech waves was excluded from the analysis
since the speech data was affected by background noise and the
reverberation of the room.

The pitch frequency was extracted using the “Pitch Con-
tour” function of WaveSurfer [6] with its default parameters;
the method used was ESPS [7], the frame length was 7.5 ms,
and the frame period was 10 ms. The obtained pitch frequency
was corrected manually.

The DFT spectra were calculated from overlapping Han-
ning window frames; the frame length was 64 ms with an 8
ms frame period. The first, second, third, and fourth formant
frequencies were extracted from spectral envelopes obtained
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from 40-order DFT cepstra by a peak-picking method. H1-H2,
a measure of the glottal source characteristics, was measured
from the DFT spectra.

Syllable duration was calculated from the syllable bound-
aries delimited manually referring to the spectrograms of the
speech data. The correlation coefficient r was then calculated
for the syllable duration in the utterances.

4. Results
4.1. Pitch frequency

The mean pitch frequency of the speech data of Sentence 1 ut-
tered by Speaker A is 167.2 Hz, that uttered by Speaker B in
the imitated voice is 185.1 Hz, and that uttered by Speaker B
in his natural voice is 152.0 Hz. The mean pitch frequency of
the speech data of Sentence 2 uttered by Speaker A is 162.2 Hz,
that uttered by Speaker B in the imitated voice is 187.3 Hz, and
that uttered by Speaker B in his natural voice is 154.8 Hz. The
mean pitch frequencies do not exhibit much difference between
the two sentences for each speaker. The mean pitch frequency
of each imitated utterance is approximately 20 Hz higher than
that of each target utterance implying that Speaker B exagger-
ates Speaker A’s high-pitched voice.

Figure 1 shows the pitch frequency contours of the speech
data in a logarithmic scale. The arrows and numbers in the
figures represent the tilt of the pitch frequency contours. The
positive values represent a rising pitch frequency and the neg-
ative values represent a falling pitch frequency. The shape of
the pitch frequency contours and the tilt, particularly in the first
half of Sentence 1 (Fig. 1(a)), of the imitated utterances are
more similar to those of the target utterances than those of the
Speaker B’s natural utterances.

4.2. DFT spectrum

The DFT spectra of a long vowel /i:/ and vowel /a/ in the first
half of Sentence 1 are shown in Fig. 2. The spectra are aver-
aged over the frames. The shape of the DFT spectra of Speaker
B’s imitated vowels (the middle panels of the figures) closely
resembles that of Speaker A’s vowels (the top panels of the fig-
ures) not only in the spectral peaks but also in the spectral dip
in the frequency region from 3.0 to 3.4 kHz.

On the other hand, the shape of the DFT spectra of Speaker
B’s imitated vowels differs significantly from that of his natural
vowels. These results clearly demonstrate that the impersonator
changes the shape (and probably also the length) of his vocal
tract to adjust the frequency and bandwidth of the spectral peaks
and dip while imitating a voice.

4.3. Formant frequencies

The first (F1), second (F2), third (F3), and fourth (F4) frequen-
cies of the long vowel /i:/ and vowel /a/ are shown in Tables 1
and 2, respectively. They are measured from the envelopes of
the DFT spectra (Figs. 2(a) and (b)).

To examine the similarity of the formant frequencies of
Speaker A’s vowels and Speaker B’s imitated vowels, we cal-
culated the percentage differences between each of the formant
frequencies. For the long vowel /i:/, the difference for F1 is 4 %,
that for F2 is 8 %, and that for F4 is 0 %. For the vowel /a/, the
difference for F1 is 4 %, that for F2 is 9 %, that for F3 is 0 %,
and that for F4 is 1 %. These results show that the differences
between the formant frequencies are within 4 % except for F2.

Likewise, we analyzed the differences between the formant
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Figure 2: DFT spectra of a long vowel /i:/ and vowel /a/ in the
first half of Sentence 1. The top panels show the spectra of
Speaker A’s vowels, the middle ones show those of Speaker B’s
imitated vowels, and the bottom ones show those of Speaker B’s
natural vowels.

frequencies for Speaker B’s natural and imitated vowels. For
the long vowel /i:/, the difference for F1 is 62 %, that for F2 is
1 %, and that for F4 is 0 %. For the vowel /a/, the difference for
F1 is 19 %, that for F2 is 12 %, that for F3 is 17 %, and that for
F4 is 4 %. These results show that the differences between the
formant frequencies are as high as 62 % and that Speaker B’s
natural F4 is close to that of Speaker A.

4.4. H1-H2

Wemeasured H1-H2 from the DFT spectra of the long vowel /i:/
(Fig. 2(a)) and vowel /a/ (Fig. 2(b)). For the former vowel, H1-
H2 for the target voice is -8.03 dB, that for the imitated voice
is -8.12 dB, and that for Speaker B’s natural voice is 3.82 dB,
showing that the values of the target and imitated voices are ex-
ceedingly close. For the latter vowel, H1-H2 for the target voice
is -2.22 dB, that for the imitated voice is -11.55 dB, and that for
Speaker B’s natural voice is 18.3 dB. In this case, the signs of
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Figure 1: Pitch frequency contours of the first and second halves of Sentences 1 and 2 with arrows and numbers representing their tilt.
The left panels (a and b) show the results for Sentence 1 and the right panels (c and d) show those for Sentence 2. The top panels show
the pitch frequency contours of Speaker A’s utterances, the middle ones show those of Speaker B’s imitated utterances, and the bottom
ones show those of Speaker B’s natural utterances.

Table 1: The first, second, third, and fourth formant frequencies
in Hz of a long vowel /i:/ in the first half of Sentence 1.

F1 F2 F3 F4
Speaker A 390.1 2687.5 3171.9 4031.2
Speaker B (imitation) 406.2 2468.8 — 4049.9
Speaker B (natural) 250.0 2484.4 2906.2 4031.2

the values for the target and imitated voices are identical (neg-
ative) while the value for Speaker B’s natural voice is positive.
These results indicate that the impersonator adjusts the glottal
source characteristics to those of the target speaker during voice
imitation.

Table 2: The first, second, third, and fourth formant frequencies
in Hz of a vowel /a/ in the first half of Sentence 1.

F1 F2 F3 F4
Speaker A 765.6 1484.4 3578.1 4000.0
Speaker B (imitation) 796.9 1343.8 3593.8 3968.8
Speaker B (natural) 671.2 1531.2 3078.1 4140.6

4.5. Syllable duration

Figure 3 depicts the syllable duration of the first and second
halves of Sentence 1. The syllable duration shows better agree-
ment between Speaker A’s voice and Speaker B’s natural voice
than between Speaker A’s voice and Speaker B’s imitated voice.
The correlation coefficient r between the syllable duration of
Speaker A’s voice and Speaker B’s natural voice is 0.847 for
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Figure 3: Syllable duration of the first (upper panel) and second
(lower panel) halves of Sentence 1.

Sentence 1 and 0.758 for Sentence 2, and the correlation coef-
ficient between the syllable duration of Speaker B’s natural and
imitated voices is 0.755 for Sentence 1 and 0.629 for Sentence
2. The results indicate that the impersonator does not adjust
his syllable duration to that of the target speaker; it is, however,
undeniable that the impersonator exaggerates the syllable dura-
tion of the target speaker. In addition, the results do not mean
that the syllable duration cannot contribute to the perception of
speaker individuality.

5. Discussion
The acoustic character of a speaker can be assumed to be coded
in the brain as a vector in a multidimensional space of acoustic
characteristics with its origin at the average of the characteris-
tics. The origin of the space and the relative perceptual contri-
bution of each acoustic characteristic may have a certain level
of commonality, if they are not identical, among individuals.
Impersonators probably imitate a target voice by adjusting the
vector of their voice to that of the target voice. In the present
study, the impersonator changes the mean and dynamics of his
pitch frequency, the shape of his speech spectra, his formant fre-
quencies (F1, F3, and F4), and his glottal source characteristics,
which may show greater differences from the origin.

The mean pitch frequencies of the imitated utterances are
approximately 20 Hz higher than those of the target voice in the
two sentences. Speaker A, the target speaker, has a distinctive
high-pitch frequency for a male. Thus, Speaker B, the profes-
sional impersonator, probably exaggerates this acoustic charac-
teristic. Similar results have been reported by Zetterholm [2].

Speaker B imitates the shape of the pitch frequency contour
in many parts of his utterances. Akagi and Ienaga [8] demon-
strated that the dynamics of the pitch frequency contour as well
as the mean pitch frequency contributes the perceptual speaker
identification of three-mora words in psychoacoustic experi-
ments. They reported that the perceptual contribution of the for-
mer is greater than that of the latter. According to their results,
it is reasonable that the impersonator imitates the dynamics of
the pitch frequency as well as the mean.

Speaker B also imitates the shape of the speech spectra in-
cluding F1, F3, and F4 but excluding F2. This result may imply
that F2 only has a small perceptual contribution to speaker iden-
tification or that the impersonator has difficulty adjusting F2 to
the target value. Both possibilities need to be examined.

In the DFT spectra of the imitated vowels, there is a dip
in the frequency region from 3.0 to 3.4 kHz. Spectral dips in

general have no auditory effect but may contribute to the ad-
justment of the spectral shape to the target shape. A potential
source of the dip is the piriform fossae, a pair of bilateral cavi-
ties located behind the laryngeal tube. The sinuses produce one
or two dips in speech spectra [9] and their deformation affects
the frequency and bandwidth of the dips [10].

In addition to the acoustic characteristics mentioned above,
the impersonator changes his glottal source characteristics (H1-
H2) during imitation. The target speaker, aged 70, has a hoarse
voice characteristic of elderly persons. The result for H1-H2
possibly shows that the impersonator tried to imitate the hoarse
voice.

6. Conclusions
In this study, we compared the acoustic characteristics between
a target voice, an imitation of the target voice, and the imper-
sonator’s natural voice. The results revealed that the importance
of the mean and dynamics of the pitch frequency, the vocal
tract acoustic characteristics, and the glottal source character-
istics when imitating a voice, although the results depend on
the combination of the target speaker and impersonator.

Our future work is to examine the effects of acoustic charac-
teristics on the perception of speaker individuality and measure
the morphological differences of the speech production system
between imitated and natural phonation.
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