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ABSTRACT

The quality of every speech synthesis system depends
strongly on the quality of the speech inventory. In this
paper we discuss the advantages and disadvantages of

synthesis of German speech a speech inventory of 477
phoneme-clusters is needed. Table 1 shows how the
speech inventory of TUBSY is divided in initial, medial
and final vowel and consonant clusters.
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different speech units that are mostly used in speech

synthesis systems. Therefore we have produced three inventory vowel consonant sum
speech inventories for our TTS-system TUBSY, one clusters clusters

containing phonemes, another based on phoneme- initial 37 99 136
clusters and a third one with diphones. The resulting medial 63 24 87
speech quality was evaluated by a cluster-identification final 72 182 254
test. Based on the results of this test we propose a new 172 305 477

kind of speech units that combine the advantages of
phoneme-clusters and diphones. Informal listening tests
show that these elements provide a significant improve-
ment of speech quality over phoneme-clusters and that
they achieve a similar speech quality as diphones but
with a much smaller inventory.

1. INTRODUCTION

At present we are developing at the Institute for Tele-
communications a TTS-System for German speech called
TUBSY [1]. The synthesis stage of this system is work-
ing in the time domain using PSOLA algorithms [2]. The
speech inventory we used until now consists of so-called
phoneme-clusters.

Erbse EIpso
E rbs e € Ips )
initial medial final initial  medial final
v
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initial final initial initial final initial final

morpheme boundary speech syllable boundary

Fig. 1. Splitting of the word “Erbse into grapheme-
and phoneme-clusters

Clusters are chains of consonants or vowels. Due to their
position within a word initial, medial and final clusters

can be distinguished. The position of grapheme-clusters’

is related to morpheme boundaries, whereas the position
of phoneme-clusters is dependent on the speech sylla-
bles, so that articulation can be considered [3]. For the
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Tab. 1: Phoneme-cluster inventory

The disadvantage of phoneme-clusters is that especially
short consonant phoneme-clusters are very difficult to
extract out of fluid speech. For example, figure 2 shows
the spectral representation of the German word “Wald“
synthesized with phoneme-clusters. The boundaries of
the phoneme-clusters are marked by lines (i: initial, m:
medial, f: final).
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Time (s]

Fig. 2: Spectral representation of the word “Wald*“
composed by phoneme-clusters

There are still mismatches in the trajectories of the for-
mants. We additionally tried to insert neutral transition
phonemes but this did not improve the speech quality.

In comparison to phoneme-clusters only 55 phonemes
are required for the generation of an unlimited German
speech corpus. The major problems with phonemes are
their exact segmentation (comparable to phoneme-
clusters). One often has the problem that either the pho-
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neme is too short or that parts of the neighboured pho-
nemes are audible.

It can be shown that a distinction between initial, medial
and final phonemes, similar to the principle of phoneme-
clusters, has a positive influence on the speech quality.
Therefore it is possible to consider the different charac-
teristics of phonemes due to their position within a word.
The resulting increase of the speech unit inventory shown
‘in table 2 seems to be justified because of the significant
improvement of the speech quality.

inventory vowel consonant sum
phonemes phonemes
initial 27 27 54
medial 33 21 54
final 26 23 49
86 71 157

Tab. 2: Phoneme inventory

Regarding the frequency spectrum in figure 3 there are
also mismatches or jumps of the formants as in the case
of phoneme-clusters. In addition the number of the re-
quired elements is larger.
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Fig. 3: Spectral representation of the word “Wald“
composed by phonemes

The fundamental advantage of diphones is that they
contain the phoneme transitions. For optimal transitions
between two diphones a phase coherent segmentation
and an energy adjustment is absolutely necessary. The
disadvantage of diphones as speech units are their rela-
tively high number. For the German language approxi-
mately 2500 diphones are needed.

In addition about 100 half-phonemes are needed for the
beginnings and endings of each word.

As shown in figure 4 there are nearly no discontinuities
visible using diphones although the number of diphones
required to synthesize the word “Wald* in our example is
higher compared to the number of phonemes and pho-
neme-clusters used for the same word.
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Fig. 4: Spectral representation of the word “Wald*
composed by diphones

2. CLUSTER-IDENTIFICATION TEST

These three speech inventories were examined by a
cluster-identification test [4]. For this test we used the
software package WORDGEN to generate phonemotac-
tically correct monosyllabic words. We synthesized 20
words of the type CVC based on phonemes and diphones
(in this case phonemes and phoneme-clusters are identi-
cally). For a comparison of phoneme-clusters with pho-
nemes and diphones we additionally synthesized 20
words of the type CCCVCCC using all three inventories.

The 25 listeners had to judge and write down these 100
synthetic words which were presented in a random order
over headphones. Before their judgement they had the
possibility to listen to each word as often as they wanted.
In the analysis stage the written words were valued with
points appropriate to the different possible errors (st
part correct => 1 point, 2nd part correct => 2 points, 3rd
part correct => 4 points), so that the quality of each part
of the monosyllabic words could be judged. For example
a completely correct understood word received 7 points
whereas a word where only the final consonant was mis-
understood received 3 points (see figures 5a and 5b).

2.1. Results of the CVC-Test

In figure 5a the mean values of the intelligibility rate of
the different parts of the 20 CVC-words are shown.
67.2% of the words synthesized with diphones were
completely correct understood which is 17.4% better
than the intelligibility rate of phonemes. Regarding the
faulty words in most cases only one part was misunder-
stood.

In figure 6a the overall intelligibility of the initial, medial
and final parts is shown. The intelligibility of all three
parts of the CVC-words synthesized with diphones is
better. Whereas diphones come to a nearly constant in-
telligibility of 87% of all three parts, the intelligibility of
phonemes is different for the initial, medial and final
parts of the CVC-words.
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Fig. 5a: Results of the cluster-identification test with CVC-words
0=CVC 1=CVC, 2=CVC 3=CVC, 4=CVC 5=CVC 6=CVC, 7 =CVC

(correct parts are bold printed and underlined)
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Fig. 5b: Results of the cluster-identification test with CCCVCCC-words

The intelligibility of the initial and final consonants is
significantly lower in comparison with the medial vowel.
The reasons for these differences are the inadequate
phoneme transitions which are worse than those of
diphones.

2.2. Results of the CCCVCCC-Test

As mentioned above we made the same test with
CCCVCCC-words. The results of this test are shown in
figure 5b and 6b.

EUROSPEECH ’95, Madrid, Spain, September 1995

As in the CVC-test the intelligibility of phonemes is best
for the medial (vocalic) part and very poor for the conso-
nants in the initial and final position. Phoneme-clusters
have an increased intelligibility, especially of the initial
and final parts. Although the medial part is exactly the
same for phonemes and phoneme-clusters, the intelligi-
bility of this part is also higher using phoneme-clusters.
This fact indicates a better overall intelligibility. The

" results for diphones are again better.
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The resulting structure of the new inventory looks as

Fig. 6a: Intelligibility of CVC-words synthesized by
phonemes and diphones
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Fig. 6b: Intelligibility of CCCVCCC-words synthesized
by phonemes, phoneme-clusters and diphones

3. NEW ELEMENTS BASED ON PHONEME-
CLUSTERS AND DIPHONES

As mentioned above our phoneme-clusters are subdi-
vided in three inventories due to their position within a
word. In praxis this differentiation has been proven and
should be kept in future.

For the optimization of the transitions between prior or
subsequent phoneme-clusters we have replaced the me-
dial clusters by diphones. This infers that the initial
clusters have to be shortened at their end and the final
clusters at their beginning.

follows:

initial elements | medial elements | final elements

- 99 consonant |- 350 diphones |- 182 consonant
clusters (of type CV) clusters

- 37 vowel - 350 diphones |- 72 vowel clus-
clusters (of type VC) ters

(last half- (first half-

phoneme of phoneme of each

each cluster is cluster is cut

cut away) away)

Tab. 4: Structure of the new speech inventory

First tests show that the intelligibility of speech synthe-
sized with this new inventory is higher than using the old
inventory of phoneme-clusters and is nearly the same as
if using diphones only. This fact can also be seen in the
respective frequency spectrum in figure 7.
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Fig. 7: Spectral representation of the word “Wald“
composed by the new mixed inventory

4. REFERENCES

[1]1 Jiirgens, C.: TUBSY - Sprachsynthese auf Clu-
word phoneme-cluster | mixed inventory sterbasis nach dem PSOLA-Verfahren. Tagungs-
] ] band Konferenz ,Elektronische Sprachsignalver-
und iU INT iU mUN {NT arbeitung*, Berlin, 1994
Bach iB mA fX iB mBA mAX fX [2] Charpentier, F.J.; Stella, M.G.: Diphone synthesis
) ) using an overlap-add technique for speech wave-
Strumpf | i$TR mU fMPE | i$TR mRU mUM fMPF forms concatenation. Proc. ICASSP, 2015-2018,

Tokyo, 1986

[31 Rook, J.: Linguistisch-phonetische Transkription
auf der Basis von Graphem- und Phonclustern und
Ermittlung einer Wortbetonung fiir ein Sprachsyn-
these-System. Dissertation am Institut fiir Fern-
meldetechnik der TU Berlin, Berlin, 1987

[4] Esprit Project 2589 (SAM): Multi-Lingual Speech
Input/Output Assessment, Methodology and Stan-
dardisation. Final Report of Year Three, 1992

Tab. 3: Synthesis based on phoneme-clusters and a
mixed inventory

The transition between an initial and final cluster is op-
timized by an inserted diphone, whereas the transition
between an initial and a medial cluster and between a
medial and a final cluster is optimized by replacing the
medial cluster by two diphones.
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