HIGH QUALITY SYNTHESIS OF VOWELS

Leonid Chudnovsky, Vecheslav Ageyev

Institute for Information
Transmission Problem
Moscow, USSR 101447

ABSTRACT

A problem concerning synthesis of isolated
Russian vowels is described. Approximation of
excitation source functioning is at the centre

‘of attension.
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During vowel synthtsis attention is focused
on vocal tract (modes) frequency values. Excita-
tion source is approximated by a triangular fun-
ction subjected to three jumps of a derivative
in piteh period C11. That approach doesn't pro-
vide a hish cquality synthesis and thus causes
intelligibility deeradation in additive noises.
Somewhat better synthesis results are achieved
for a more composite tinle function of the vowel
excitation source [2].

Natural sounding and intelligibility of syn-
thesized vowels can be improved due. to taking
into consideretion the real features of vowel
excitation sources. One may get an'idea of the
excitation sources from vowel oscillograph tra-
ces using the inverse filtering technicues. To
solve that inverse problen it is necessary to
know such vocal tract parameters as a quality
factor and mnoda frequency. A compensating me-~
thod based on instant frequency 'measurement - of
a filtered speech signal has been used for noda
frequency calculation (31, It was continued by
signal frecuency filterina in order to extract
formant.oscillations. Low-pass filters have be-
en used for the extraction of the first formant
and band-pass filters for the extraction ‘of
other formants. The cut ‘steepness of a filter
respounse characteristic has accounted for no
less than 48 dB/octave outside the transparence
band. A quelity factor of the extracted formant
oscilla;ions has been calculated using an analy-
tical signal envelope f43. Algzoritn [4] has be-
en modified to imnrove conputing accuracy of a
quality factor. After the extraction of formant
oscillation P« (%) and the calculation of the
quality factor Q« and the’ vocal tract moda
frequency wWyg it is possible to regenerate the

moda  excitation source from the follo-
wing equation (23
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The excitation source of the formant oscillati-
on fx is related to the vowel excitation so-
urce § in the following way :

$elt)= S Le() () dE @

where / k(t)‘ is a filter pulse response for
extraction of the K -th
formant oscillation. )
Equation (1) may be used for speech synthesis
as well.

Excitation sources of 5 Russion vowels "a",
"3 ", "o","y","U" have been experimentally studi-
ed. The extracted excitation sources of the
first formant oscillation can be conventionally
devided into two groups: the first eroup for
the sounds ™a" and "3", and the second grouy
for the souncs "o","y" and "W". The first gro-
up of excitation sources represents %o succes-
sive pulses with different amplituces ~with the
time  interval 4-6 ms and each .pulse duration
1-2"ms. The second pulse amplitude and its de-
lay time with respect to the first pulse are re-
lated to the quality factor and the first moda
frequency in such a way that the second pulse
stops its free oscillations which appeared af-
ter the first pulse. The second group of excita-
tion source is represented either by a single
pulse with 1.5-2 ms duration or by two multy-or
unidirectional pulses of the same duration with
the second pulse time delay 1.5-2 ms, or by the
three pulses of alternating direction with the
duration 1.5-2 ms and the time delay 1.5-2 ms
and 3-4 ms correspondingly. Excitation source
of the sound "y" has one peculiarity. The rege-
nerate excitation sources of the first moda and
the extracted signal of the first formant oscil-
lations are identical.

During vowel synthesis excitation pulses ha-
ve been approximate by the following function :

}'(t)=/Z(f'T)l/‘tl(*-T)J‘expf-ff’(%)zl‘1} 2

where 227 -is a pulse duration;

g t) -is a unit function.
The synthesis resulted in high intelligibility
of the vowels "a', 3", "o" My" “Llhen represented
by single formant oscillation. Increase in the
number of formant oscillation causes intelligi-
bility inprovement. For acceptable intelligibi-
lity of the synthesized vowel "M" it should be
recresented by two formants. The first moce ex~
citation sources with the reduced npulse dura-
tion have been used for higher vocal tract moda
frecuencies (3). The duretion reduction factor
for the K -th moda has been selected equal to
the ratio w‘/lJK
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Fig.l shows the excitation sources oscillograph
traces of the first formant Fea (t) , Fo3 (t)
;jo(t) . ;1’ (t) , Ftu (t) and of"tRe“s$cgn2 fog
mant Fp4 (t) for the sounds "a","3","o","y",

"u".
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Fig. 1. The excation sourcqf‘?t.ﬁpe
synthesized sounds"a","”3",
"O","y","“".

i the synthesized sing-
{25fgi;;itosg:z?st£253333f"o","yz and the two-
formant vowel "W" are shown in Fig.2. ]

Natural sounding improvemt of the syn?hes1zed
vowels is achieved with due regard for time va-
riation of the excitation source parameters of
each moda fn(t). Test data analysis has sﬁown
that tne vowels excitation sources are subjec-
ted to different transformations , i.e. abrupt
transformations with the time interval of
30-100 ms and slow period-by-period tra?sfor?a-
tions. The vowels excitation sources which dif-
fer in their voice onset time with open or clo-
se vocal bands are well differentiated.
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Fig. 2. The synthesized sounds "a",
"3"’"0"'"y"’"“".

Fig.3. shows the extracted excitation sourcef
of the first moda fia (t) and fiu (t) of the xol
wls "a" and "W". The phonation of the"vozel 'a

initiates with close and of the vowel "W Ylth
open vocal bands. Due to the extracted exc1t?-
tion source it has been found out that the voi-~
ce onset time with open vocal bands and the ces=
sation of phonation (Fig.3) have the same time
structure and -are practically speak?r indepen-
dent. To achieve the vowels high qua}xty synt@e-
sis with due regard for the source s%gnal varia-
tion the function has been approximated w1th
the \help of the tables.
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Fig. 3. The regenerated excitation
sources of the first moda

of the sounds "a" and "WY".

The usage of excitation sources peculiariti-
es and their relationship with vocal tract para-
mters gives an opportunity to achieve the high
quality synthesis of vowels and speech as who-
le.
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