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A3STRACT

The oresent paper cescribes the Zxpo-
nential Dynamic Model tor campound voweis
such as diphthongs ana triphthongs. Witn
this Model) actual formant frequencies of
aii the allophones occurred in difterent
phonogiogical and wehonetic contexts can be
generatea. Tthe 9 diphthongs ana 4 triph-
tmongs in Standard Chinese constituted oy
30 aiipphones can thus be generatec with
the target vaiues of & ohonemes.This Model
is appiicabie to speecn synthesisy so that
gata memgry size can be aecreased; and
soth intelligibiiity and naturainess of
the synthesized diphthongs or triphthangs
can pe improved.

INTRODUCTION

The changing of sound color in compound
voweis like diphthongs and triphthongs is
mainly produced by the continugus movement
ot the speech articulatorss i.e. by the
continuous movement ot the vocal tract.
According to the acoustic theory ot speech
production; a given set ot formant fre-
quencies correspond to a given shaoe ot
the vocal tract. Theretore,the time-varing
characteristics ot formants can refiect

the dynamic teatures of the compound

vowels. Because of the practical need in
speecn. synthesis and automatic speecn
recognitions it is necessary to formulate

a tunctional moce | $or gescribirg the
time-variation of the formant treauencies
in dynamic vowe!s. And anily aftter the
tormuiation of such a model can we discuss
the process of transtormation opetween tne
discrete speech code and the continuous
speecn sounNce waves.

This maper proposés an =Zxponential
OJyrnam.e¢ VYcee: massc =~ tne ana:ysis of tne
'tarmant trequency cata af tne 9 dientnongs

ane & triohtmongs in  Stancarc Chinese.
Parameters faor the Modei were obtained
thrgugn  analysis—9y-—Ssynthesiss ana the
aynamic trajectories aof formant trequences
are in cigose approximation with the
observed data. The wutitization of this
Maocel im the Synthetic System tor Stancard

Chinese .has both improved tne quality of
the synthetic sounag ana recucea the memory
Size for tne syntmetic parameters.
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TORMULAS OF THE EXPONENTIAL DYNAMIC MODEL

The opserved time-varing trajectories
of the formant freauencies indicated that
the formant frequencies aof a diphthaong
are constant'!y changing from one set of
target wvalues to anotner sets and tnhe
sverail +encency 0f such cynamic trajec—
tories is to have relatively stable parts
at the seginning and the end ot the wvouwel
and to change rather aoruptly at the tran-
sitionai part. Ands; comparea with the
tyoical tormant vaiues of the phonemes
composing a given ciphthong, the starting
and ending freguencies af the farmants are
oniy apprpoaching the target values ratner
than actually reaching them. This condi-
ticn is very iike a curve obtained by
joining two reverse e exponential func-
tions. We thus hypothesise that a formant
trajectory of a agiven diphthong can pe
approximated by the tollowing formulias
(Fig.1).

F(t)=Fc+0.55%Fd{1-EXPL-d(t-t0)S13

Fe=0.5(Fb+Fe)

Fd=Fe-Fb (1)
S=1 (t-t050)

=-1 (t-t0<D)

Here)

Fb is the beginning target wvalue;

Fe is the ending target values

t is mormalized times;

t0 is the time ot divisiani ands

o 'is the tactor ot transitional rate.
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Fig.1l Schematic Dynamic Madel tor Diph-

thangs
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Nows: we can easiiy extena the cxponen- |
tia! Dynamic Maode! to include trishthangs.
Ffor triohthongs, considering the coarticu-
a) lation effect between the three comoonent
phonemess; the dynamic trajectory ot a

. given tormant can be approximated by the
F% £ 7. toiiowing formuia (Fig.4).
Fe

t,=0.5 F(t)=Fosm(t)+Fmse(t)-Fm (2)

(for the meaning of the symoais here
piease reter to Fio 4)
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Fig.2 Variation of the formant trajec~ ,/ Fe
tories with a) t0 and b) « 2 \
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lurs to=p.25 Fig.4 Schematic Dynamic Mode! tor
d=g triphthongs
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In this way; the dynamic aspect ot @ ’
given tarmant in a triphthong can b |
detined by the tree target values 'Fb» Fm
and Fe and the two division times t0l anc
t02 and the tuwg factors ot transitiond
rate dl and ®2; 7 parameters in all.

‘ In overall generaiization, for & 8iVer

oF 3 -5 dynamic vowel that has n target vaiues Fn

. - the cyramic trajectary ot the freauency @
Fig.3 The measured formant frequency a given farmant can e asproximated With

values and faormant trajectories

_ tar the toiiowing +ormuia:
estimateg with the formuias
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n-t n=2 i i i e
Tme marameters Fbs Fes t0 and ol in the Fl(t)= ZZFi’i+1(t)— SFi (ny2) i " 'm |
Mode: can be determinead through anaiysig- i=1 S 7 ; - |
py-synthesis. In Fig.3s the small circles i s :

P

(3) . -

" E/xuéi—) i/t;ia/ Msian/ %/mai/

represent tne observed values pt the first
tormant in /ai/ and /ua/s whiie the thin
splid line is the trajectory

Fisriti(t)=Fci+ .

: 9.55%Fdi {1~EXPL~di(t-t0i)51)
calcuiatea

with formula (1) atter the parameters

5
tor Fei=0.5(Fi+F; i ) L . s ana
the Mocei had been determimed. [t can pe FdizF,, -7 v ) | .5 Spectragrams of four syilables containins Tlphzznzid e
seen that the two are in cliose approxima- S=1 s (t-t0i30) ; 9. triphtnongs. The upper part for the natural an
tign. As exampies) the titting values of S=-1 (t'tDiZO) i ower part for the gynthesized ones.
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2ndg- synthesizec: eacn containing a diph-
thong or a triphthaonrg. It can be seen that
the tormant transition ot those compoung
vowels are very smogth. Listening tests

alsy ingicated that both intelligibility
and naturallness ot the synthetic syl la-
bies were wvery ciose to those of the
naturai anes.

D1SCUSSIONS

For synthetic app/icaticn, there are
two related features in this Exponentiai
Dyrnamic Mode:!: tirst, reltively few target
values needed in imput and starages; and
secaondy better representation of the cpapr-
ticulation effect. Speech analysis sShOws
that one and the same phoneme in ditterent

compaound vowels has diftferent sound values.

For exampie; the actual value of /ai/ and
/ia/ are [ail and ([iA] respectively. Even
two given voweis narrpuwly transcribed
4s the same sound in two different dynamic
vowe!ss e.s. the [i]l] in ([iA] and [iao]
can have ditferences that should not be
ignared. It means then, tor synthesizing
the 9 diphthongs and 4 triphthongs that
are close to the natural ones, we will
need I*2+4%3=30 sets of target wvalues.
Howevers; thanks to the ability ot “approa-
ching rather than actually reaching” the
target wvaiues in the Exponentiai Dynamic
Model; as few as & sets of target values
tisted in Table 2 are almost enougn for
this purpose. Far instance; in synthe-
sizing /ai/, [A] and [i] are used as
target values; tO0 is right in the middle
and is relatively small. As a resuits
the beginning paint is ciose to a open
tront vowel (aJ rather than [Al; and the
ending point is a lower front vowel CI13
rather than [iJ. In synthesizing /ia/, £il
and [AJ] are also used as target values
with t0 close to the beginning part ana a

retatively great ; and the resuit is

be that the two extremities are close tg

LiJ and [AJ respectively, and the /a/ part
is relatively 1long and stable. In the
acoustic vowe! diagram in Fig. 65 the
dynamic tracings are drauwn for tme syn-
thetic /ai/s /ia/» /ao/, /ua/s; /iao/ and
/uvai/ which wuse [il, [AJ and [ul as the
target vaives. The diagram shows that the
beginning; middle and ending point ot each
ot the compound voweis are Just in their
right places. In this sense, the synthesis

ot dynamic vowels with this Mode i is a
synthesis with phaonemic targets.
As a comparisaon, the trajectories

generated by the exponential dynamic model
reportea in reterence {3] and [4] aiuways
starts from the same first target wvaiue:
disregarding the ditterence in tactars
like second target values and so aon. The
coarticulation effect is thus inadequately
reoresented.
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Fig.4 Acoustic vowe! piot for the faur diphthangs (/ai/s /ia/,

/aa/>»

and /ua/) and the two triphthnangs (/iao/ and /uail).
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