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ABSTRACT that of /y/ and /i/, respectively. For the stimuli generated
. S _ from /u/, we tested the effect of the presence and of the
With synthetic stimuli copied from natural vowels andapsence of F2. This allowed us to better assess the role of

including up to five formants, we investigated some trans=2 as well as the importance of the amplitude level of F3
formations of the perceived identity of vowels by means of the perception of back vowels.

modifications of formant amplitude levels. Synthetic stim-

uli were generated by means of a new method of copy syn- 2. PROTOCOL

thesis. With stimuli copied from /u/ we found that, despite ) )

the presence of F2, itis possible to transform the timbre ¢#.1 Corpus and stimuli

/u/ into that of a front vowel only by raising the amplitude
level of F3 and higher formants. We also analysed how We chose one utterance of each of the three vowels
the timbre of the vowels /i/ and /y/ changed as a functioﬂj"’y/ from the French.database BDSONSI3]. These vow-
of the level of F2, F3 and F4, and showed how sensitiv Is were uttered by a single French male speaker who had a

was the timbre of the vowel /i/ to the decrease of the leve?"V fundamental frequency (100-110 Hz) and a pronunci-

of F3 and F4. Such transformations, realized with stimuf’f‘tion which was both clear and well representative of the

very close to natural vowels, reinforce the importance 0§tandard French. The duration of the selected utterances
formant amplitude levels in some vocalic distinctions. ranged from 1.60 ms to 200 ms.
The acoustic cues of these vowels served as references
1. INTRODUCTION to generate the synthetic vowels /i,y,u/ which we wanted
to be a close copy of the natural ones. All the other stim-

With two-formant synthetic stimuli, previous studiesuli, with modified amplitude levels, were generated from
([1, 2], among others) have shown that the variations dhese three synthetic vowels. We used a new method of
the relative formant amplitude levels affect the perceivedopy synthesis which controls the parallel branch of the
identity of vowels. The most striking result of these experKlatt synthesiser[4]. The fundamental frequency as well
iments was the transformation of a high front vowel timbres the amplitude and frequency of the first formants (three,
into that of a high back vowel when the amplitude level ofour or five depending upon their visibility) were automat-
the second formant was drastically decreased. ically evaluated by means of our copy synthesis algorithm

With synthetic stimuli copied from natural vowels and(table 1). Our signal editor allows an interactive correction
including up to five formants, we investigated some tranf the results by the user, but this step was not necessary.
formations of the perceived identity of vowels by mean§he acoustic cues listed above and other fixed parameters
of modifications of formant amplitude levels. (formant bandwidths, overall gain...) caitgte the in-

We used such quasi-natural stimuli in order to bettgput parameters of the Klatt synthesiser. By copying the
predict what would happen if some formant region of natevolution over time of the main vocalic information, we
ural vowels would be attenuated. This is of interest in thgenerated synthetic vowels whose quality is close to that
study of speeclunderstanding by hearing-impaired peo-of natural ones.
ple as well as in the study of speech in noise. From a From the copy of each natural vowel, we created new
theoretical point of view, we intended to confirm and everstimuli only by increasing and/or decreasing the original
to reinforce the importance of formant amplitude levels inevel of one or more formants (formant frequencies were
some vocalic distinctions. unchanged). The first formant was not altered. The modi-

We studied the transformation of the perceived identitfications, which aimed at transforming the perceived iden-
of the back vowel /u/ into that of high front vowels, andtity of a vowel into that of another one, depended upon the
that of the perceived identity of the vowels /i/ and /y/ intocouple of vowels considered. The limits of the amplitude



levels were set as follows: the upper limit corresponded F u [ y
to the amplitude level of the first formant; the lower limit| F1 | 312 - 279 -| 323 -
was reached when the formant was nader visible. In | F2 | 732 -17| 1895 -20| 1783 -8
some cases, we have equally tested the effect of the al=3 | 2110 -34| 3219 -15| 1959 -9
sence of one formant. Some important modifications ¢fF4 | 3190 -59| 3553 -18| 3208 -26
the relative amplitude of two close formants could not be ] .
realized since they led to too prominent a spectral peal@Ple 1. Formant frequencies (Hz) and amplitude levels
which “overwhelms” other formants in the spectrum. (dB) expressed in function of F1 level of the natural vow- .
We tried to transform the perceived identity of the baci€!S Which served as references to generate the synthetic
vowel /u/ into that of a front vowel, and the perceived idenStimuli-
tity of the vowels /i/ and /y/ into that of /y/ and /i/, respec-

tively. For that purpose, we applied a series of modifica-__Y ! y

tions to vowel formant amplitude levels (table 2). Allthe_F2 F3*| F2 F3+| F2-F3 Fa+

possible combinations of the modifications were realized. 1d ~ id | id id id id
For the vowel /u/, we increased the level of higher fort @S~ +10| +10-10) -10  +10

mants. We did not decrease the amplitude level of the sec- +20 -20 20 +20

ond formant which was not very prominent, but we teste abs

the effect of its absence. Some stimuli generated from /
sounded ambiguous since they had the F1 of a close vo

and an important peak in the F2’ area of the vowel /e/. We.

Fications were applied to generate new synthetic stimuli.
thus added two stimuli for which the very weak F4 and Fé cations were app 9 y

. . Abs” f , FN+ FN higher for-
were increased more than the F3 (by 20 dB) in order t%gﬁt:tands or absence means and higher for

favour the emergence of a non-ambiguous /i/ timbre.

For the vowel /i/, we decreased the amplitude of F3 and
F4 and/or increased the amplitude level of F2. For thgifferences are not often clear in French speakers’ minds
vowel /y/, we decreased the amplitude of F2 and F3, and/afthough most can pronounce these sounds perfectly. The
increased that of hlgher formants. One stimulus, resuni%bjects wrote their responses on answer sheets designed
from the (-20,+20) combination could not be created beor that purpose.
cause of the spectral constraint mentioned before. NoteThe jdentification task included five test sessions, each
that we always applied the same modification for F2 angf them with a randomised version of the test corpus. The
F3 of the vowel /y/, and for F3 and F4 of the vowel /i/.  yesponses were given after two consecutive presentations

The corpus also contained nine stimuli generated froigf the same stimulus. Each session was divided into blocks
the vowel 5/ but with modified formant amplitude lev- of twelve tokens with the insertion of a ten-second inter-
els. The analysis of the results for these highly ambiguougsiock interval, a four-second interval between two differ-
stimuli is beyond the scope of this study. Consequentlgnt stimuli and an interval of one-second between stimulus
our corpus was made up of 36 stimuli (8 from /u/, 8 fronyepetitions. Figure 1 represents this temporal organisation.
/i, 11 from /y/, 9 from £/). There was a two-minute break between each session. Ten
tokens were presented before the first session in order to
familiarise the listeners with the stimuli.

Twenty native speakers of French (10 women and 10 .We thus collected five responses éach of the 36 stim-
men) served as listeners in this experiment. They all ralli and from each of the 20 speakers. Consequently there
ported to have normal hearing. The subjects listened ¥ere 100 responses per stimulus.
the sounds in a quiet room. The experiment lasted about 30 minutes.

They were asked to choose their response from among
all the oral French vowels (/iga,y,@,e,u,0f). Sounds .
which listeners were unable to distinguish were to be iden- [ [
tified as unknown sounds. The subjects could give more ]
than one response if they wanted to; the preferred answer
-if any- was to be written first. A list containing the most
frequent written form okach vowel followed by a omo- Temporal organi sation of a session. a and b represents two
syllabic word in which this form appears was given to the  different stimli.
listeners before the test and commented. We insisted on
the differences between mid-open and mid-close vowels
sharing a same place of articulation, such ag./élhese  Figure 1: Temporal organisation of the perceptual test

W"fj ble 2: Modifications of the formant amplitude levels rel-
Yive to the original levels (given in table 1). These mod-

2.2 The experimental task




3. RESULTS formant (F3 for /u/ and F2 for /i/) near 2000 Hz, F3 of /u/
being nearly 18 dB lower than F2 of /i/. Apart from the
The results for each vowel ailtustrated by figure 2. presence of F2, raising F3 of /u/ by 20 dB should approx-
. . imately give the same formant level pattern as that of /i/.
3.1 Stimuli generated from the vowel /u/ Indeed, this similarity did lead to the perceptual confusion

between the two vowels.
The amplitude level of the F3 of /u/ (a peak located at

2000 Hz, which we will refer to as P2.0) appears to be aB.2 Stimuli generated from the vowel /i,y/
important cue to distinguish the high back vowels from the
high front ones. The main energy concentrations of both vowels were lo-
The relevance of this cue was brought to light by thé&ated in similar frequency regions: afirst formant around
responses to the stimuli which did not include the F2 of00 Hz, a second energy concentration around 1900 Hz
/ul butincluded the F1, F3 (P2.0, the second peak for the§81-9) corresponding to the F2 of the vowel /i/ and the
stimuli) and higher formants of this vowel. The perceived/€y close F2 and F3 of the vowel /y/, a third energy con-
identity of the stimuli changed from /u/, when the originalcentration around 3200 Hz (P3.2) corresponding to the F4
levels of F3 (P2.0) and higher formants of /u/ were noff the vowel /y/ and the very close F3 and F4 of the vowel

modified, into /i,e/ when this level was increased by 16//- ) . . )
dB. Previous experiments dealing with two-formant syn-

These results are in good agreement with those Hpetic vowels showed that the best synthesis of the vowels
Ainsworth and Millar[1] as well as Chistovich and Cher-/I/ @nd /y/ were obtained when the second peak (F2") was
nova [2] which were obtained with two-formant syntheticSet t0 about 3000 and 2000 Hz, respectively [6]. _
vowels. When the first formant was set to about 300 Hz !tis thus very probable that a decrease of the amplitude
and the second one to 2000 or 2500 Hz, the subjects p‘13'>,1‘_P3.2 would lead to the perception of /y/ for the stimuli
ceived the vowel /i/ for low L1/L2 ratios and the vowe| 9€nerated from the vowel /i/ whereas a decrease of the am-
Jul for high L1/L2 ratios (L1 and L2 denote the amplitudePlitude of P1.9 would lead to the perception of the vowel
level of the first and the second formant, respectively). /I/ for the stimuli generated from the vowel /y/. Our aim

A stronger demonstration of the importance of the ami¥@s both to confirm this hypothesis and to study the way
plitude level of F3 (and higher formants) was given by th& Nappened as a function of the amplitude changes.
responses to stimuli which were very close to the natural Fi9ure 2 shows that the perception of the vowel /i/ was

vowel /u/ since they were made up of all its formants pparticularly sensitive to the decrease of the amplitude level
: fLf P3.2 relative to that of P1.9. Thus a decrease of 10 dB

included. When the F3 amplitude level was not modified; X -
the stimulus was perceived as /u/ in 98% of the cases, aficred the timbre of /i/; a further decrease (of at least 20

/ol for the remaining 2%. With an increase of at least 2§ P) 1ed to the identification of the vowel /y/.
dB, the /i,e/ responsesbame the most numerous. Conse- The timbre of /y/ appeared to be more persistent. Thus

quently, it is possible to drastically modify the timbre of® 20 dB decrease of the amplitude level of P1.9 relative

Jul only by changing the level of F3 and higher formants.t0 the level of P3.2 was necessary to alter the perception

A comparison between the results obtained for the tW8f ly/'and to lead to some /i,e/ responses, while a dras-

sets of stimuli generated from the vowel /u/, those whicHC delc/r.(/aa::“l,_?] (a;ller?st 30|,d%) Ifd t? trfhpeégeggon of the
included its original F2 (first set) and those which did noYoWel /. The high amplitude level of the F2-F3 energy

(second set), showed that the presence of F2 favoured ﬁ;@centratlon ('8,dB fe'a“Ye to that of '_:1) as well as the
persistence of the /u/ timbre when the F3 level was iimportant bandwidth of this concentration could explain

creased. The amplitude level of P2.0 had to be 10 dgle pgr5|stence of the /y/ timbre. .
higher in the first set than in the second set to change thﬁzunt” now, we have gnalysed the.refsults as gfunctlon of
perceived identity of the vowel. Then F2 which is not ver)} e modifications applied to the original amplitude levels
visible and whose presence is not necessary to the p f_each vowel. Let us now analyse the same results as a

ception of the /u/ timbre seemed to enhance the perceiv t&pction of the resulting amplitude levels of the second and
; ; the third energy concentrations (L2 and L3) of the stimuli
identity of /ul/.

For high F3 amplitude levels, an additional increase o\',i)v"g;:teﬁ;e\?\%vddatsh% vvx\/lﬁreengl_eznsvr:;egi f:]oerp;[h;r:el_;“;?]lé“
the amplitude level of higher formants favoured the /i/- P y 9 » Ney

response to the detriment of the /e/-one, as expected. were perceived as /i/ when L3 was higher than L2 (from at

To some extent. the knowledae of formant levels (mea{_east 5 dB, according to the few elements that were at our
surg dsgy gc?ls ot :al [5]) aIIowg perception results to bgisposal) and the subjects hesitated between both vowels
predicted from amplitude modifications. Undoubtedly ongvhen L2 :and L3 were close together.

of the best examples is that of /u,i/ because these two vow-
els share the same F1 frequency and the presence of one 4. CONCLUDING REMARKS
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We presented some transformations of the perceived
identity of quasi-natural vowels by means of modifications
of formant amplitude levels. With synthetic stimuli copied
from the vowel /u/ and including all the formants of this
vowel, we showed that it is possible to transform the tim-
bre of /u/ into that of a front vowel only by raising the
amplitude level of F3 and higher formants. We also anal-
ysed how the timbre of the vowels /i/ and /y/ changed as
a function of the level of F2, F3 and F4. and showed how
sensitive was the timbre of the vowel /i/ to the decrease of
the level of its third and fourth formants.

Such transformations, which were realized with stimuli
very close to natural vowels reinforce the importance of
formant amplitude levels in some vocalic distinctions.
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is absent
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