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ABSTRACT

Transition between vowels isrelated to speech
continuity[8]. Research showisat the formanintensity
between syllables varies iBtandard Chinese (SC)[5].
We canclassify the intensity of intersyllabic formant
junctureftransition into three categories from strong to
weak byusing the consonant of theecond syllable.
Different categories take various roles in synthesizing
speechthe more intense the formant transition is, the
more important role it will take in the synthesihis

C2=0). (b) C2 is avoiced consonant/initial (e.g..
/m,n,l,r/). (c) C2 is a voicelessonsonant/initial (e.g.
Ip,p',f.x/).

Some studies ontransitions[1,6] have showrthat
suprasegmental coarticulation is more significran
that of thesegment in synthesizing SDoesthis mean
coarticulation on the segmentalvel can be ignored?
Experiments in [1,6] suggest so by unreliable and
incomplete data. Thereere three limitations in [6]:
first the intersyllabic formant coarticulatiowas not

paper reports the results of perceptual experiments on observed classically; second only one word /zuolyil/

intersyllabic formant transitions of one of tbategories
when the secondyllable is azero-initial syllable (i.e.
begins with a vowel ).

1. INTRODUCTION

Unlike English the number giossible syllables in SC is
about 1,200.Most of them are combinations of the

was used irthe perceptual testthird the transitional
duration usedwas 40ms which wa$oo short to be
compared with actual data. Another perceptual
experiment of the formant transition[®jas doneonly

on category (c)and the resultshowed that the
intersyllabic formant transitiomad little effect on the
naturalness of the synthesized speec®o, no
experiment on categoifg) or(b) hasbeen done, which
requires a further research to be made as far as the

sememe and the tone. So many of us considered Chinesesegmental coarticulation is concerned.

as a kind ofsyllabic language withsyllables isolated
without no coarticulatoryeffect between syllables.
Therefore, in some old synthesis systdhesspeech is
produced by simplghaining theisolated tonabyllables
into a sequence. Because the qualiés poor, more and
more of us have realizethat this point ofview is
inaccurate. In fact, the intersyllabic coarticulatedists
both on the suprasegmentatel and on thesegmental
level, as in other languages. $omerecentsystems the
suprasegmental  coarticulations such as tonal
coarticulationand duration distribution patternhave
been considered, bulittle has been done on the
segmental level. In concatenative or parametric
synthesis, it is important tpay carefulattention to the
segmental transitions which are rotly in the syllable

but also between syllables.

Suppose CV(N) is a Chinese syllable wherandV(N)
standfor the initial and finalrespectively, (N )fonasal
coda and C1V1(N1) and C2V2(N2) are adjacent syllabic
pairs. We canclassify the intensity of intersyllabic
formant juncture/transition into three categorfesm
strong toweak byusing C2: (a) C2 is a zero-initial (i.e.

In this paper the perceptuaffect on intersyllabic
formant transitions of the synthesized speech of category
(a) is investigated by three perceptual experiments.

2. FORMANT TRANSITIONS OF SYLLABLE
PAIR (C1)V1-V2(N2)

There are 21 initials and 38 finals in SQsually a
syllable is made up of twgarts, initial(C)+final(VN). V
refers to a monophthong (/a,i,u,o0,.../) or a multiphthong
(/ai,ao0,an,in,iao,iou, ei, uei .../ ).

We cansee fromthe spectrograms (Figures 1(ajb))
that intersyllabic transitions of V1-V2 consist of two
parts: a post-transition segment in V1 (PQ@nhY apre-
transition segment in V2 (PRT). Wheoarticulatory
place of the finalowel in V1 isthe same athat of the
beginningvowel in V2, the formant transitioourves of
F1-F3are almost horizontal (figure 1(c)). Therefore, the
coarticulatory effect can be ignored in thiscase.
Otherwise very significant transition segments exist as
shown in 1(a) and 1(b).



The starting point frequency of the transition
approximately equals to the V1's formant target
frequency,and the end poinfrequency equals to V2's
onset frequency. The transition curve is a smooth line as
for F2 shown in Fig.1(a), or a polyline as for F3 in
Figl(a). The rate of the intersyllabic formant transition
changes with different V1V2 syllable pairs[5].

The duration of the transition segment is varied with
different V1V2 pairsand different speaking rates. The
duration of the transition segmentabout 16-30% of
the total duration of V1V2. The maximum duration of
the intersyllabic transition segment is 180ms at normal
speechrate. When wespeak faster, the totééngth of
V1V2 is reduced morehan that of the transition
segment which is about 20-35%tbe total duration of
Viv2.

The duration ratio to pre-transition in V2 quost-
transition in V1 also varies with different V1V2 [5]. For
example, 3:2for syllable pair /i/-/al, 2:3for syllable
pair/a/-/il.

3. METHOD AND RESULTS

We consider the effect of intersyllabic formant transition
on the perception ofpeech continuity in addition to
speech intelligibility. To reducethe effect of the
component of "top-down" linguistic processing of the
subjects[3] inthe experiment, wenly use/a/,/i/ and /u/
as V1 and V2 withtypical coarticulation to build up 9
meaningless syllabipairs. After eliminating the pairs
in which V1 and V2 have the same&owel types, we
have six pairs left: /a/-/il,/al-/ul /il-lal li[-lul ,Jul-la/ and
{ul-/il.
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Fig.1 Broadband spectrogram of (a) /a/-/i/,
(b) fu/-fal, (c) lal-lal.

The stimuli were produced by a cascadermant
synthesis system developedaur laboratory[7]. ASIFS
(syllable-initial-final segment model) is developed in
this system, which separatdbe syllable into seven
segments: (1)silence (2)consonant (3)aspirate (4)pre-
transition (5)vowel (6)post-transition (7) nasaloda. A
final can takes up segments(4)-@)d an initial can
takes up segment (1)-(3). So, V1 takes up segments (5)
+ [(6)] and V2 only segment(5) in V1V2 ( square
bracket stands for an optional item ).

V1 and V2 argiven the same length to represtrt
they havethe samalegree of stress in our experiments.
Usually, stress in S€an beclassified into contrastive



stress, normal stress and weak stress. Only normal stress

is considered inthis paper. Statistically, theecond
syllable of a normally stressed bisyllabic isolated word is
often spoken more heavilthan thefirst one and is
much longer in duration, but when the bisyllabic word is
put in runningspeech, the firssyllable islongerthan
the second one. So tliegree of stress ahe first and
the secondyllable are different in different situations.
Howeverthe results do notonflict with each other if
the intonation of the isolated word is considered.

ABX method is used in the experiments. Sound A and B
are the sameexcept sound Ahas no intersyllabic
formant transition while sound B has formant transition.
A 1.5s pause is insertdzbtween Aand B,such AB is

Mandarin hagour contrastive toneS.he numerals 1 to
4 are the traditional nomenclatufer these tones
adopted inthis paperSupposdhe Mandarin thirdone
sandhi rule is applied inwordi.e. a tone 3 changes to
tone 2 when another tonef8llows. So tone3+tone 3
changes to tone 2+ tone 3. There fiéteen tonal pairs
for each VV pairs.

The fifteen pitch patterns and theirperceptual
characteristics ardescribed in [4]Here we use these
patterns to synthesize /a/-/dnd /u/-/a/. Theother
parameters are as in Experiment 1. Each VV
corresponds to 15 sets withtndom order. Table 1 is the
statistic results of the correct recognition rat&/dfVv2

presented three times to the listeners via headphonestransition according to the tones of V1 and V2.

with 3.5s pauses. The three AB pairs form one stimuli
set. A silence of 5s is insertdéettween twosets. Each
syllabic pair corresponds towo sets oftimuli: ABX set
and BAX set.

Experiment 1 and thvestigate the perceptueffect of
formant transition in differenspeechrate. In the first
two experiments we ignored the toneffect on the
perception of the sounds, sdl of the syllables are
synthesized with first tones. The perceptaéect of
formant transition with different tonal patterns is
investigated in Experiment 3.

An answer sheet is provided in three experiments to ten

subjects (4 femaleand 6 males) who donot know

phonetics or the intention of the experiments. The order

of presentation is random. Theelbjects were asked to
mark thesound in each sd¢hat is thought to benore
continuous in addition to more intelligible.

Experiment 1

The stimuli consist of 12ets with first tone+first tone
pattern for each syllablepair. Both V1 and V2 are
300ms which includes 150ms transitional duration. The
speechrate is 3.3syllables/secondTransition duration

of V1 and transition duration of V2 aessigned as 3:2

in /il-/al, 2:3 in /a/-/il and 1:1 in other cases. The correct
recognition rate of formant transition is 72.1%.

Experiment 2

Here we investigatehe perception of the formant
transition at a faster rate by shortening Wele V1V2
pair. Both V1 and V2 are225ms which also includes
150ms transitional duration. Thepeechrate is 4.4
syllables/second.This reflects that the transitional
duration isconsiderably stable at a faster spe@ther
parameters useare the same as in Experiment 1. The
correct recognition rate of formant transition is 72.9%.

Experiment 3

Table 1. The correct recognition rate offormant
transition of V1-V2 according to the tones of V1 and
V2.

vowel 1 2 3 4

V1

67.5% 67.5% 84% 83.5%

5. DISCUSSION

Eight of the subjects considethat Experiment 2 is
easier to judgehan Experiment 1 and the other two
noticed no differencesObviously from the results in
Experiments 1 and 2, we caeethat theintersyllabic
formant transition makes a significarffect on the
speech continuity, especially for slightly faster speech
rate. Therefore, the intersyllabic formant transition
should not be ignored in the synthesis. Formant
transition issomewhat related to tones. some cases
when V1 has a secotidne or a fourth tone or VRas a
third tone or a fourth tone syllablethe formant
transition has a greategffect on the continuity of
speech.

The results can be extended to continuous spedghf

it contains subsegment as (left context)V1-V2(right
context) without considering thdeft or the right
context. We carmalso achieve several synthesis rules
where formant transition should be added in
synthesizing such a subsegment:
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In experiment 2, If we speeded the speechrate more

quickly, we might have gotten a more reliabbnd a

more overall result.

Up to nowthe intersyllabic formant transitiohas not
been fully investigateduch as for ( )N1-( )vV2( ) and
category (b).Although the acoustic property of the
intersyllabic formant transition igery complicated in
N1-( )V2( ), theoccurrence frequency ahis syllabic
pattern isvery high indeed according to statististics
from the intersyllabic triphones in 2-gyllable word
corpus. Somepreliminary results on the intersyllabic
formant transitions have been gotten recently.

In summary, the principles of classification of the
intersyllabic formant transitions are dsllows: (1)
Connective intensity ofhe intersyllabic formants. (2)
Continuity of the intersyllabic FO. (3) Duration
distribution of the transition segment. 4. Perceptual
characteristics of the intersyllabic formant transitions,
which can affirm the rationality of the categories.

Acknowledgment: | have teaythanks toProfessor Lin
Maocan who encourageshdguided me to complete the
work. Also, I'm gratefulfor Dr. Marilyn Y.Chen who
helps me in editing the paper.



