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ABSTRACT

This paper describes the advantages and difficulties
of a German Speech Synthesis system that
concatenates non-parametric time domain units
similar to demisyllables. Problems arise when
transitions not contained in the inventory must be
generated by manipulation of existing units. A
proposal for a unit inventory suitable for German is

made,
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l. INFTRODUCTION

A remarkable improvement on the quality of
synthetic speech can be obtained by the use of
non-parametric time domain units, because the loss
of information during the parametrization process of
the speech signal is avoided. The system descﬁbed
here combines the time-domain based methods for
described by
Charpentier (1990} with an inventory structure that

speech synthesis Moulines &
is demisyllable-like and therefore includes many
coarticulative phenomena which must be modelled

using a diphonic inventory.
2. INVENTORY
The inventory structure used here is a modification

of the demisyllable-based approach proposed by
Dettweiler (1984) for the German language. For the
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application in the synthesis system HADIFIX
(HAlbsilben~Diphon-Suffix) (Portele et al.,, 1990)
developed at the IKP, the inventory structure was
changed in order to reduce the number of units.
A HADIFIX inventory consists of units of three
classes:

- initial demisyllables extending from the beginning

. of a syllable to the beginuuug of the stationary

part of the vowel,

- diphonic elements containing the stationary part
of the vowel and either the first half of a
postvocalic sonorant, or the transition to one of
three obstruent classes (labial, alveolar and velar),
or the vowel offset for an open syllable,

- suffixes with syllable-final consonant clusters.

In the first version of HADIFIX that used LP-coded
units and contained all units necessary to generate
at least the 8000 most common German words, 900
units are included: 590 initial demisyllables, 150
diphones, and 160 suffixes. In order to extend the
vocabulary of the system, a tentative analysis of
phonotactic  restrictions and a pronouncing
dictionary spot-checking was performed leading to
an inventory of 1080 units: 750 initial
demisyllables, 150 diphones and 180 suffixes. Using
this inventory, one can now synthesize uncommon
sound combinations originating from foreign
language borrowings, as in words like "Szene"
(scene) or "Dschungel" (jungle). Aiming at a
definiti\.fe standard, the automatic analysis of an
appropriate pronouncing dictionary is currently in

preparation.

Two versions of this inventory were recorded: one

male and one female voice. All units were extracted
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out of secondary stressed syllables embedded in
carrier sentences. In order to obtain a similar
prosodic quality for all units belonging to the same
class, carrier sentences were used instead of single
" words and logatomes. These sentences provided the
unit in question with a neutral environment. For
initial demisyllables, the sentence "Das wire
Krittelei gemacht." was used, while diphones and
suffixes were embedded in "Das Angebot hilt dem
nicht stand." and "Das StoBgebet ist ohne Sinn.",
respectively (the underlined letters are variable

and specify the particular unit).

The concept of carrier sentences lead to a quite
consistent duration of similar units, prevented
effects like

utterance-initial shortening, reduced the shift of

utterance-final lengthening and
the focus towards the varied syllable observed in
the single words used in the recording of the units
of the first HADIFIX system, and allowed the
speakers to maintain a natural breathing rhythm
during the recording session.

In order to perform ’ pitch~-synchronous
manipulations of the speech signal, pitch period
marks are necessary. A laryngograph was used
during the recording; its output was analyzed, and
the pitch marks were located at the appropriate
positions. The units were cut manually by means of
a waveform editor. Speaker-specific duration lists
were employed in normalizing the duration of the

units during the cutting process.

Each of the two inventories requires 5 MB storage

(16 kHz sampling frequency and 16 bit words).
3. CONCATENATION AND MANIPULATION

in the synthesis system presented here a speech
signal ‘s generated by the concatenation of time
domain units. If a boundary between two units lies
in an unvoiced section of the speech signal, the
units are simply joined together. In a voiced
section the use of this simple method might produce

an audible crack because the amplitudes of the two
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signals may diverge at the boundary. Therefore, in

the range Qf one pitch period a simplified overlap-

add is performed which not only prevents a crack

at the boundary but also smoothes the transition
between the units, however only in a very limited

area.

Necessary manipulations of the speech signal are
the modification of the prosodic parameters
duration, F; and intensity, the shifting of unit
boundaries, and the smoothing of spectral
transitions at boundaries. The latter manipulations
are demanded by coarticulation rules, while the

former ones are required by prosodic rules.

Prosodic manipulation in the described system is
carried out using the PSOLA (pitch synchronous
overlap add) algorithm presented by Moulines &
Charpentier (1990). One can change the length of
a pitch period by overlapping addition of weighted
signal parts and variation of the length of the
weighting window. In the current implementation,
a Hann window with a length twice the length of
the desired pitch period is used. One can double
or omit pitch periods during this process in order
to change the duration of signal parts. The
intensity of a period can be modified by the
multiplication of the weighting window with an
additional factor. Thus, the modification of the
prosodic parameters in the time domain is made
possible by PSOLA.

As Moulines & Charpentier (1990) stated, PSOLA
applied to unvoiced signal parts might generate a
tonal noise. Therefore, voiced parts in the units
were marked by a detector. Also, some signal parts
such as plosive bursts must not be eliminated or
duplicated. The corresponding periods were marked

manually in order to obtain a reliable result.

For the smoothing of spectral transitions (see
below), LP-PSOLA (Moulines & Charpentier, 1990)
was implemented using a very simple LP analyzer/
synthesizer., There seems to be no audible

difference between speech generated by the TD-
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PSOLA and the LP-PSOLA version of the described

system.

While corrections of unit boundaries are trivial, the
smoothing of a boundary in the time domain over
several pitch periods is not. The need for such an
operation in diphone synthesis systems is fairly
v small, because all transitions are included within a
unit. But a demisyllable oriented unit structure has
to face problems such as two adjacent vowels at a
syllable boundary, as in the German words "Liane"
(liana) and "Bauer" (farmer). One possible solution
is the use of additional diphonic units that contain
these transitions. In the HADIFIX system, an
algorithmic method is favoured because of its
greater flexibility, To perform modifications on the
signal spectrum, a RELP (Residual-Excited Linear
Prediction) analysis yields a set of LP coefficients
and a residual signal for involved pitch periods.
After the smoothing operation, the speech signal is

reconstructed by resynthesis.

At first, the smoothing was obtained by the linear
interpolation of the LP coefficients as log ai’ea
ratios. Tests showed that the quality of the speech
generated by this method was not fully satisfying
because of the misfit between interpolated
coefficients and their pertinent residual signals.
Therefore, a treatment of the residual signal is
added. First, the residual signals of each pair of
involved pitch periods, one from the signal on one
side of the boundary and one from the other, are
synchronized regarding their length. Second, the
synchronized residual signals are weighted with a
Hann window. Third, the weighted signals are added
up in order to produce the appropriate excitation
for the LP synthesizer. .

Preliminary results indicate an improvement of the
perceptual impression of these macﬁine-generated
transitions, however leaving space for further

improvements.
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4, RULES

A set of rules controls the concatenation and
manipulation process. These rules are formulated in
a language especially developed for this purpose
(Portele et al., 1991). They can be divided into two

parts: concatenation rules and prosodic rules.

Prosodic rules can be subdivided into intensity
rules, duration rules and intonation rules. A simple
heuristic intonation rule set increases the intensity
for stressed syllables and lowers it for unstressed
ones., Also a decrease of intensity towards the end

of an utterance is prescribed by this set of rules.

The duration rules were formulated after the
statistical analysis of a small corpus of natural
speech (Portele et al., 1990) and shall be refined
as soon as larger speech databases for German are

available.

To obtain an intonation contour for an utterance,
the method of Fujisaki (1987) is used. Out of a few
parameters this method generates intonation
contours that are undistinguishable from the
original contours. Within a parallel project at the
IKP (Mdbius et al.,, 1991) rules have been
formulated for some sentence types which can be
extended to cover a wide variety of utterance

types.

Concatenation rules for German demisyllable speech
synthesis were first formulated by Dettweiler &
Hess (1985). This rule set is currently being
adopted to the HADIFIX unit structure and the
time domain demands. The main problem is the
coarticulation at

modelling of the syllable

boundaries (see above). For voiced-voiced
boundaries, spectral smoothing is inévitable, while
for plosive-plosive boundaries, e.g. an additional
mark indicating an alternative unit boundary is

needed.
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5. HADIFIX IN THE TIME DOMAIN

Compared with the first HADIFIX version which used
LP-coded units, the switch to the time domain
improved the quality of the system. Although a
systematic evaluation will not be performed before
the concatenation rules are implemented, first
results indicate a noticeable rise of intellegibility
and naturalness of the synthesized speech.
Demisyllables work well in the time domain, except
at the points indicated above (which can easily be

avoided using an additional inventory).

The HADIFIX unit structure on the other side
produces some quality losses that were not noticed
in the former LPC based system, probably because
of the lower quality of the synthesized speech in
general. A major problem that might be speaker
dependent but occurs in the current version is the
use of different allophonic versions of a postvocalic
sonorant, especially the /r/ phoneme. When the
diphone and the suffix are concatenated and
different /r/ had been spoken ’in the two units a

perceptually intolerable sound change occurs.

To avoid such problems a new unit structure is
proposed: The boundary between diphone and suffix
is identical with the boundary between voiced and
unvoiced speech parts. Thus the diphone turns into
a new unit that shall be called "rudiment" following
Dettweiler (1984). Each rudiment has four varieties:
one suited for a following-labial obstruent, one for
an apical obstruent, one for a dorsal obstruent, and
one suited for a syllable-final position. The number
of necessary rudiments for German will be about
960 (1140 including nasalized vowels), while 55
suffices are  required. Since  voiced-voiced
boundaries are problematic in the time domain, a
serious reduction of these boundaries will probably

increase the quality of the synthesized speech.
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