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B.AG. Elcendoom

Absiract

A survey la glven of the progress made in the development of a diphons speech syn-=
thesls aystem E£or Dutch. Some programs that Cfacilitakte concatenation and input of
1ntm1m contoucs are briefly described and the use of "special’ diphones is ex-
ela .

Inrgcucn

An earlier report (Elsendoorn & "t Hark, 1982) showed a Fairly promising start im
the development of a diphone-based speech synthesis system for Dutch. The very sim=
ple form of diphone concatenation thakt was used in the early system resultesd in re-
markably scceptable speech. However, the system needed lmprovements and progress
was not always withoot Aiffieuley. Some af the davelopmentzs are described below.

bripud

Tva computar programs have been devised by Wiesen and De Jong ko Eacilitate diphone
concatenation. The First program takes as its input a psoudo-phonetic string of
characters, which is converted into a diphone string. An example of such strings is
given in the top portion of Figure 1. The program then checks whether all diphones
exnist in the lavemtory, ln which case the diphones are concatenated. In the result-=
ing spesch file, the diphones are represented by LPC-coded formant/bandwidth wal-
ues, amplitude, Fp and voiced/unvolced information Eor every 10 ms of speech.

PSEUDO- PHOMETIC STHING : en apel per dax (trl.: an apple a day)

OIPBONE STRING ¢ PC CH HA AP BC CL LB PC CR RD DA AX Xi

DIPHONE STRIRG (new version] @ ®C CH NP PA AP #C CL LF PC CR RD DA AX X#

INTONATION MAREERS i & o

Fig. 1. &n example of the input strings used in the two programs.
This speach file can then be fed into ehe second program, by means of which the
user can add intonation contoura. The user is provided with the same diphone
string, below which he/she can specify proninence-lending rises or falls or more
geadual pitch movements. This is illustrated on the fourth line of Figuee 1. These
movements are superimposed upon & declipation line that is aukomatically genecated
by the program. The movements have the standard values [or Dutch, vig, & 120-ms du-

ratlon and a 6-semitones excursion. In normal speech the correct starting point for
pitch movements i related to the vowsl onset ('t Hark & Coaken, 1973). Therefore
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pheneme boundaries had to be marked in all diphones to determine the correct start=
ing point for pitech movements.

The diphone-concatenated speech can also be subjected to a smocothing algorithm
written by the author. This algorithm interpolates amplitude, Eocrmant and bandwidth
valoes across diphone boundacries, Markers have been introduced into all diphones to
indicate where the Llnterpolatlon must stare or end. The number of 10 ms framea
across which interpolation takes place varies according to the type of phoneme (20
ms for short vowels to about B0 ms for long vowels and volceless fricatives). Qb-
vicusly plosives are not subjected to smoothing.

More diphones

The diphone inventory has gradcally sxpanded to mors than 1850. Those diphones that
have been added include 1) consonant-glottal atep diphones and glottal stop-vowal
dighones (represented below as C¥ and W, respectively], 2) vowel-vowvel diphonea
(¥« 3} conscnant-/e:/ and consonant-/o1/ diphones for fe:r/ asnd Joi/ followed by
/iy 4) consonant-/h/-vowel triphones and 5] unetressed e/ diphones.

1} In the eacly system, CV diphones had been truncated from the second syllable of
nonsense words of the CelvCe type, in which all consonants were identical., This waa
done to obviate coarticulation effects that might have occupred 1f existing words
had been used. However, C7T and PV diphones have been added to account for glokttal
stcps that may occur at word boundaries, as in ‘een appel' [/enfapel/}. In this
case, the use of the 'normal’ /na/ diphone (truncated Erom Jnenans, without a glot=-
tal stop) d4id not lead to natural speech (/Senapal/, of. Ehe second line of Fig.1].
Concatenat ion of utkerance-final conscnants with utkerance initial wvewels did not
lead to acceptable results sither, since Ehe amplitude decay time of the CF diphona
wasg koo long. Therefore CF diphones were segmented, which display a more abrupkt de-
cay in amplitude. Besides, ¥V diphones were added, since the smplitude Tise time
for PV is somewhat shorter than for #V diphones. The new diphone atring is present-

ed in the third line of Floure 1.
2] Im addition bo the WiV Aiphones described in our previous report, VW combina-

tiona without a glottal stop aleo ooour in Dutch, 2.9. in words as ‘theater'
(/terjartac/). A simple concatenation of fe:3j/ and fja:/ diphones did not result in
an acceptable vowel combination, no matter how much the /j/ was speeded up.

3] In Dukeh the vowels Jei/ and Joi/ vary in their pronunciation, depending on
whether they precede a liguid or another conscnant (Cohen ot al., 1961). Gmoothing
a formant value did mot yield acceptables vowels. Thersfore an additional set of CV
dighones was added. These were taken from spoken nonsense words like /baboire/ and
fbeberras .

4] Concatenation of Vh and hV diphones proved to be impossible because of coarticu=-
lation phenomena. VhV triphones were made instead. For the same reason we have in-
corporated ChV triphones in the inventory.

5) Fimally, tha incluosion of unstressed /& / greatly Improved the temporal structure
of concatenated ubtterances,

In iks present atate, the diphone inventory probably eontainse some elements which
are not really needed. For instance, the VPV triphones can probably all be replaced
by ¥? and 7V diphones. Remember that 7V diphones are already pact of the inven-
tory. It is also found from lnformel listening, that the distinction between conso=



nant clusters oocucrring within and scross morpheme boundaries may be supecfluous,
except in the cases of clusters containing a liguid. If only one CC diphone were co-
tained and used both within and across these boundaries, the nomber of diphones in
the lnventory would be greatly reduced.

improvement in quality

Although the speech obtained with the early ayatem was acceptable; the spsech qual-
ity could be improved. The aforementioned emocothing algorithm was desigqned for this
purpose. In addition, the quality of each of the separate diphones was checked and
polished whers nminw. Thia laborious work could only be carried out by hand
since it involved checking for irregularities in formants, bandwidths and amplitude
walues. Correction of the bandwideh values rezulted in a much clearer overall defi=
nition, #nd the vowsls and nasals soonded less sharp and more natural.

Further improvement: duration

In the early system, €V and V€ diphones were obtained by truncating all the vowels
in the middle. Thie resulted in short vowel parta Eor diphones containing a volce-
less stop conscnant, whereas the vowel part of diphones containing a liquid or
volced fricative ronsonant were relatively long. Concatenation of these diphones
sometimes lead to unacceptably short or long wvowel duration. The temporsl ocrgani-
zation of Synthetic speesh has now been inproved by changing the truncation point
of the vowel. Instead of taking the middle of the vowel as the truncation polnt,
the oiphénes have been altered so that the vowel part is identical in daration for
all €V diphones for a given vowel. This means that the total duration of a wvowel
now depends on the VT diphone that follows, or, to be more precise, it depends on
the following consonant, & i known to be the case in human speech (cf. FPeterson &
Lehizste, 1960; Chen, 1970; Nooteboom, 1972: Elsendoorn, 1984).

wWork on Ehe temporal structure of synthetic speech at the phonemic and prosodic
levels is in progress. A time alignment program written by Niranjan {1984) allows
synthetic speech to be automatically aligned with the original uwtterance. In this
why the durational structure of consomant closters, for instance, can be examined.
The regularities that are found can be stored as templates to be used when the di-
phones are concatenated. In addition, higher-lewel temporal rules can probably slso
be derived from these templates.

Temporal strucktures at the proscdic level can be studied 'in the same way. It is ex-
pected tHat this method of research will lead to a set of rules that can be in-
cluded in an automatic spesch synthesis system and that these rules will help to
improve its gquality.
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