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Abstract

One impersonator and a number of his different evdmitations have been
studied in order to gain some insights into theifigity of the human voice
and speech. A whole text unit and one selected waihith occur in all the
recordings, have been analyzed and a comparisor betdeen the different
recordings. Both auditory and acoustic analyses Haen attempted. The
results indicate that this impersonator is abladopt a range of articulatory-
phonetic configurations in order to achieve thgetispeakers. This very fact
raises questions concerning features that aretbartlange in the voice and
the possibility to find some kind of long-term sigare for one speaker.

1. Introduction

Different studies of professional impersonators ahdir
voice imitations show that it is possible to getsel to another
speaker’s voice and speech behaviour, both in parakand
acoustic analyses (Zetterholm, 2003). An impersamadt
used to resembling other people and has the ahilipretend
and make other people believe that they are anp#rson. In
order to imitate a certain target speaker, the isgp&tor has
to select and copy many different features, larghges well
as supralaryngeal, to be successful and to convthee
listeners about the target speaker. Focusing ororitaupt
features and passages in the text, as weléxaggerating
characteristic features, may be a conscious wawarking
with and improving the impersonation.

There are organic differences between speakers;hwhi
cannot be changed, making it hard to produce eo@aes of
another speaker’s voice and speech. As a resdtgtiom is
often a stereotyping process (Laver, 1994). Thelaeavill
probably think that a caricature is more entertajniwhich is
often the purpose when performing on stage. Negktls, it
has been shown that high-quality voice imitation oczislead
the listener (Schlichting & Sullivan, 1997). In ed to
imitations of a familiar voice, it has also beemwh that the
listener may have expectations about charactefesitires of
the target speaker’s voice and speech behavioimgWerds
and phrases related to the target speaker maksiérdor the
audience to identify the imitated voice (Zetterhoén al,
2002). A related observation was made in a recent
comparative study of imitations produced by twofessional
impersonators and one amateur. The professionale we
indeed more flexible in their imitations than theaieur, both
concerning voice quality, mean FO and articulati@te

(Zetterholm, 2006). Despite these differences, likieners
agreed that they recognized the imitated voices.

The type of evidence outlined above does suggest th
security-demanding services protected by speakification
systems, for example, are likely to be vulnerablentmics of
a true client's voice. It will therefore be impartao know
how sensitive the systems are and what can be tmne
improve their immunity to this type of fraud. Thbilay of
naive speakers and one professional impersonatdraio
their voices to a randomly chosen target speaker deen
studied by Elenius (2001). The false acceptance vas
significantly higher when the impersonators haéhed their
impersonation than before the training took pladsas led to
the conclusion that human impersonation could iddee a
threat to speaker verification. One would expece th
robustness of automatic systems to be also thredtdry
similar-sounding voices. Elliot's (2000) and Ros€¢1999)
related investigations of the words “okay” andhéllo”,
respectively, have shown that similar-sounding e@sican
yield significant differences between different aspers’ F
(Formant)-patterns.

To disentangle the problems arising from similar-
sounding voices, through impersonation or not, il e
critical to account for the quality of a speakear&ice, which
depends on organic and learned behaviours (La@94)1
Between-speaker variation is partly due to orgaifferénces
and may vary from minor differences such as demtitio
greater differences such as overall size and sbiffe vocal
organs. Learned differences start when childreruiaecthe
social and regional dialect of their environmenhefie are
long-term organic characteristics as well as moargnt
changes, which influence our speech. Within-speaker
differences occur during normal speaking conditiergs due
to state of health, emotions, the speaker's attitadd the
communicative intention, and indicate that the humwaice is
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very flexible. Despite these differences we canogedize
familiar voices, even though we sometimes makeaiést.

To imitate another speaker’s voice and speech hainav
it is implicitly understood that an impersonatorsh@ be
aware of not only different markers of group idgnsuch as
regional or social dialect (Pittam, 1994ter alia), but also
personal markers in speech such as pronunciation
articulation (studied among others by Scherer, L9M9is
also presumed that the impersonator has to betaldlbange
his own articulatory settings to get close to arotpeaker’s
voice and speech behaviour. This study is a fittsngt at
elucidating the voice flexibility exhibited by omapersonator
by seeking evidence from his imitations, which vebyield
some insights into his articulatory-phonetic siyas. Such
insights should ultimately be useful in furthereach about
voice identification.

or

2. The present study

2.1. Material

One Swedish professional impersonator recordefdefta the
Swedish telephone company Telia, containing inuteti of
some well-known Swedish people. Some of them
politicians, others are well-known TV-hosts or neseslers.
Twelve (12) voice imitations have been selectedHi study.
The texts have been created, by the impersonatauyit
typical vocabulary use and the features of eadetapeaker.
The idea is that this should make it easier forlistener to
recognize the voice. These recordings were designdae
humorous in the first place. All of the recordingmtain one
word (mobilsvar the mobile phone answering machine),
which is not a typical or even a frequently useaddvor any
of the target speakers. This word was thus seletbed
comparison between the different voice imitatiomsce it
occurs in all recordings. There is also one recaydif the
selected word with the impersonator's own natumite and
speech, made for comparison with the imitationse Bhasic
rhythmic structure of the wordnhobilsvar consists of three
syllables, unstressauo, primary stress obil and secondary
stress orsvar.

are

2.1.1. Dialectal differences

The dialects of the original voices are differeithwegard to
both segments, such as the r-segment, and theatidon
pattern. None of the target speakers has the s#tectdas
the impersonator. He has a dialect from the eagtarh of
Sweden. The target speakers have dialects fromvéiséern,
eastern or southern part of Sweden, some of théoeiced
by the dialect of Stockholm. One target speaker ahatear
Stockholm dialect and two of the speakers havear dialect
from the city of Gothenburg. There is consideraldéeation
between Swedish regional dialects concerning bbotmetics
and phonology. E.g. there are two main typgsafd [R], of
the phoneme /r/. The most common form is the ahrewlll
[r] that is used in the majority of the Swedish ditdeoutside
the South of Sweden. In southern Swedish dialecisudar
fricative [g] or a wuvular trill R] is used. Various
diphthongizations of long monophthongs are one
characteristic dialectal marker of the southerredis, often
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with an initial onglide to the target vowel. Theoshvowels
are often monophthongs (Bruce, 1970; Elert, 1991).

2.2. Method

An auditory and an acoustic analysis have beenrtaids in
order to see how, and to what extent, the impetsochanges
his own voice and speech behaviour in these iritati
Comparisons were made between the different voidations
and between the imitations and the natural voicethef
impersonator. No comparison was conducted withroéegs
of the target speakers.

A perceptual evaluatiof the various recordings was
conducted by three Swedish well-trained phonetsgiavho
were familiar with the target voices. The analysisgramme
Praat fttp://www.fon.hum.uva.nl/pragt/was used for the
acoustic analyses.

In the auditory analysis, pitch, voice quality, ld@,
articulation and individual phonetic habits and releteristic
features were scrutinizedn this paper however only the
general impression will be presented (for furthetads, see
Zetterholm, 2003). A phonetic transcription of therd
mobilsvarwas made by the three phoneticians.

The acoustic analysis consisted of measurementheof
mean fundamental frequency (FO0), for the wholerattee as
well as for the selected wordmobilsvar Duration
measurements were made for the whole text unitséhected
word and the stressed vowels /i:/ and /a:/. Annesg of
articulation rate (in syllables per second) waswated for
the whole text. Formant frequencies of the stresseetls /i:/
and /a:/ irmobilsvarwere obtained as well. All measurements
were made for the impersonator's own voice and 1fis
imitations.

3. Results and comments

The results of the auditory and the acoustic amahgfer to
the whole text unit as well as to the selected warabilsvar

3.1. Auditory analysis

The general auditory impression is that this impeasor
shows a great deal of intonational flexibility bynalating
widely-varying pitch levels. He is rather succebsfn

imitating the different voice qualities associateith the target
speakers. Some speak with a nasal voice quallgretwith a
creaky or a tense voice quality, or with a combarabf these.
Two of the imitations render well the tense voieality that
is usually perceived in certain target speakerbveiges of
political speeches.

The impersonator captures the different Swedistectis
very well with respect to intonation patterns aritfecent
pronunciation of the sound segments, the r-segntkats-
segment as well as vowels. None of the target gpedias a
dialect with a distinct diphthongization and thare no clear
diphthongs in the imitations. However, specific iindual
features, especially the pronunciation of the msegt, are
exaggerated in some of the imitations.

Some of the target speakers have a characteristic a
individual speech style concerning speech rate,edpe
rhythm, articulation or intonation pattern. Thesattires are
easily perceived and sometimes exaggerated in tiee v
imitations. The impersonator also captures indialdu
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characteristic features like hedges, hesitationndsuand agreement between their transcriptions and thgh@wn in

filled pauses in these imitations. Table 1.

3.1.1. Phonetic transcription of the word ‘mobilsvar’

Three phoneticians, who listened to the voice itigites,
phonetically transcribed the wordnobilsvar There is

Table 1. Phonetic transcription of the wanébilsvar

Imp Imi-1 | Imi-2 | Imi-3 | Imi-4 | ImMi-5 | Imi-6 | Imi-7 | Imi8 | Imi-9 | Imi- Imi- Imi-
10 11 12
m X X X X X X X X X X X X
mi
u X X X X
b)
b X X X X X X
i X X X X
i X X X X
1 X X X X X X X X X X X X X
X X X X X X X X
i) X X X X
s9
v X X X X X X X X X X X X
a X X X X X X X X X X
a X
X X
r X X X
R X
E X X X
Z X
) X
1 X X X X

Proceedings of the 11th Australian International Conference on Speech Science & Technology, ed. Paul Warren & Catherine I. Watson. ISBN 0 9581946 2 9

University of Auckland, New Zealand. December 6-8, 2006. Copyright, Australian Speech Science & Technology Association Inc.

Accepted after full paper review

PAGE 72



3.2. Acoustic analysis

3.21. MeanFO

There is a great variation in mean FO (see Figiahging from
97 to 255 Hz, between the different voice imitatiomhe
impersonator himself speaks with a rather low mean(118
Hz). Only in two of the imitations does he speakhva lower
mean FO and in both he uses a creaky voice qualigre are
no great differences between the mean FO in thelewho
utterance compared to mean FO of the waabilsvarin each
voice imitation; this is an expected result.

FO means of the whole utterance
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for the i-vowel. One possible explanation for thantrast is
that the a-vowels with the longest duration occivem the
word mobilsvaris focused at the end of a phrase or is strongly
emphasized. However, there is no clear patterneroint the
duration differences between the two vowels. Ag#inmay
depend on whether the word is emphasized or inrasph
final position or not, and the speech style of thace
imitation, as for a political speech. In the redogdwith the
impersonator’'s own voice, the durations for /i:daa:/ are
quite close.

The 12-imitation mean duration of these two vowisls
also very close to the duration for the impersorigtown
vowels. The mean duration of the imitated voweli¢i:0,13 s,
the imitated vowel /a:/ has a mean duration of G1Bor the
impersonator, the duration for /i:/ is 0,14 s and f&:/ it is
0,13 s.

Duration of the vowels /i/ and /a:/

@ duration /i/ @ duration /a:/

Imi-10

Imi-11

Imi-12

Voices (Imp = Impersonator)

Figure 1: FO means (in Hz) for the whole utterance.

3.2.2. Duration

The texts were different and they varied in lenigétween 9
and 21 s. There were also duration differenceshé word
mobilsvar which are shown in Figure 2. The duration
differences are likely to dependn whether the word is
emphasized or in a phrase-final position or not an the
speech style of the voice imitation.

Duration, 'mobilsvar'

Imi-12 10,66

Imi-11
Imi-10

11,31

Imi-9 10,94

Imi-8

Imi-7 |

,P6

Imi-6

Voices

Imi-5 |

11,28

Imi-4

10,81

Imi-3

10,79

Imi-2

11,28

Imi-1

Imp

10,88

10,

96

0 0,2 0,4 0,6 0,8 1 12 1,4

Duration (s)

Figure 2: Duration differences in seconds (s) ef th
word mobilsvar

The duration of the stressed vowels /i:/ and farhobilsvar
differs amongst the 12 different imitations, aswhan Figure
3. The individual variation of /a:/ is larger thé&r /i:/. The
duration varies betwee#8 ms (Imi-3) to 293 ms (Imi-5) for
the a-vowel, and between 87 ms (Imi-11) to 176 ims-{0)

wmi-2 | —
Imi-11
v ————
Imi-8 [ )
Imi-7 h_‘—1
2
©  Imi-6
g
g mo ]
Imi-5 T
Imi-4
Imi-3
Imi-2
1 [ [
Imi-1
0 0,05 0,1 0,15 0,2 0,25 03 0,35

Duration (s)

Figure 3: Duration differences in seconds (s) ef th
stressed vowels /i:/ and /a:/.

3.2.3. Articulation rate

The articulation rate was estimated in terms ofabjés per
second, in an attempt to gauge the variability leitdd by the
impersonator by comparison with his different iigas. As
shown in Figure 4, the impersonator has a high thabi
articulation rate (5.8 syllables per second). Meetitulation
rate for Swedish is about 5.0 syllables per sec@rdy one
of the imitations, Imi-6, has a higher articulati@te. In Imi-2
and Imi-5 he speaks slowly and there are a lotesithtion
sounds and prolonged vowels.
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Articulation rate
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Imp Imi- Imi- Imi- Imi- Imi- Imi- Imi- Imi- Imi- Imi- Imi- Imi-
1 2 3 4 5 6 7 8 9 10 11 12

Voices

Figure 4: Articulation rate (syllables per second).

3.2.4. Formant frequencies

The formant frequencies of the lowest four formams-F4,
of the stressed vowels /i:/ and /a:/ in the worobilsvarhave
been compared between the different voice imitatiand the
impersonator's own voice. The formant frequenciesrew
measured every 10 ms in the vowels, with the éirst the last
measured points about 25 ms from the beginningtia@eénd
of the vowel respectively. There is no clear pattar
measurements indicating diphthongization, and tbevels
appear to be stable. Therefore, the mean valueefmh
formant was calculated.

There are individual differences in the imitatioretated
to the auditory impression, see the phonetic tr@ptson,
Table 1. In an attempt to uncover some connectetwden
the impersonator’'s own formant frequencies andetos his
imitations, both raw and averages for /i:/ and Vieefe plotted
in F1-F2 space as shown in Figure 5. The raw dxlect the
range of articulatory-phonetic strategies employsd the
impersonator to achieve the target voices, while ff2-
imitations averages seem to successfully captung-ierm
characteristics of the imitator’s strategies.

43 impersonator
12-impersonations mean
fif impersonations

fa/ impersonations

200 400 600 800
F1 (Hz)

Figure 5: F1-F2 graph of the vowels /i:/ and /fdué
impersonator, the 12 imitations and the averaghef
imitations.
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4. Discussion

The listeners’ general impression of these imitatids that
the impersonator in question is very flexible irs hioice
imitations, and that he is aware of and able totatei
characteristic features of the target voices. Wiistaning to
the imitations the differences are obvious concgrrboth
voice quality, dialect and speech style. Individaatl subtle
distinctions between voices are often easy to heaan
auditory analysis, but it may be hard to find adimus
correlates of these distinctions. Further rese#sotiesirable
to understand more about the human perceptionefcspand
the application in speaker identification systemin A
investigation of imitation success in a speakeiifigation
system and a comparison with human perception wede
(Zetterholm et al 2004). There were little agreentsatween
listeners and the system used in this study.

In the acoustic analysis of mean FO, we have faunitle
variation, which confirms the auditory impressiofihe
impersonator’'s own mean FO is 118 Hz, but in thitaitions
there is a variation between 97 to 255 Hz. The nie@rin
some of the imitations are related to the creakg tamse
voice qualities targeted. The impersonator's owrameEo is
rather low compared to the imitated voices. Othadiss of
imitation (Zetterholm, 2003) show the same patt€ould it
be that it is easier to imitate a higher pitch caregd to one’s
own without changing one’s voice quality too much?

In order to understand how much duration may diiifer
general when one speaker reads the same text kanes,
one male speaker was recorded when reading the t&ate
four times within two days at different times ofettday
(Zetterholm 2003). The results indicate that thehini
speaker differences are rather small. However, the
impersonator’s data used in this study show a wéshge of
durations. The durational differences in the wardbilsvar
among the imitations are obvious, and perhaps ¢xgess
argued earlier. The durations for the two stressmsels /i:/
and /a:/ differ as well; the larger variations af//are
somewhat expected given the stressed, final pasdfothis
vowel in mobilsvar However, it is interesting to note that a
calculation of the average of all imitations shothat the
mean duration is quite close to the duration ofgheech by
the impersonator himself, both concerning the word
mobilsvar (the mean duration of all imitations is 0,99 s hi
own duration is 0,88 s) and the two stressed vawdight
these results reflect the impersonator’'s prosodiategies
employed to achieve the target speakers.

The impersonator speaks with a high articulatide (4.8
syllables per second) in this recording. In all bute
imitation, he speaks with a lower articulation rale the
imitations with a perceived fast speech tempo tieldation
rate is 5 syllables per second, and in the imitetivith a
perceived slow speech tempo the articulation rate3-é4
syllables per second. Again, this switch of spegkrate
suggests another of the impersonator’s articulasivategies
when imitating fast and slow speech tempo. Thisl$® in
accordance to the statement that an imitation oftera
stereotyping process and not an exact copy of #nget
speaker (Laver, 1994).

The phonetic transcription is confirmed in the
measurements of the formant frequencies of thesssde
vowels /i:/ and /a:/. The 12 imitations give awhg range of
individual strategies employed by the impersonatdrije the
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averaged data yield a long-term signature of thiéator's
articulatory-phonetic strategies.

The impersonator uses words and phrases that are

characteristic of the target speakers. In additi@nputs in the
word mobilsvar in all texts. Previous studies support the
hypothesis that listeners’ semantic expectationsldvonpact
upon the listener’s readiness to accept a voic&iion as the
voice being imitated (Zetterholm et. al, 2002). Hweer, a
perception test using the same recordings as thiesented
in this study, indicates that it is possible toogmize voices
even when listening to only one non-typical wora fbe
target speaker (Zetterholm, 2003).

5. Conclusions

The results reported in this paper show that, thinou
professional impersonation, it is possible to idfgrand to
imitate another speaker’s voice and speech behawvidth
general success, according to comments from ouel pain
listeners.

The acoustic analyses of the imitations made by our
impersonator highlight the flexibility of his voicand his
ability to change his habitual settings. The reswalbtained
from the average of the 12 imitations, both conicerrthe
duration and the formant frequencies, suggest ttiexe are
short-and long-term strategies employed by the isg®tor.
The elucidation of these strategies will requirgffar study.
The findings concerning articulation rate, andcitsrelations
with fast and slow speech tempo, might give usgimsi into
pattern and processes in the imitation task.

Further work in these areas will ultimately contti®
towards uncovering more robust ways to approach the
problem of forensic voice identification.
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