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Abstract

The lack of prosody variation in text-to-speech tays
contributes to their perceived unnaturalness
synthesizing extended passages. In this paper,resem a
method to improve prosody generation in this dicect A

database of natural sample sentences is searahsenfi@nces
having similar word and syllable structure to theit. One
sentence is selected randomly from the similar esests
found. The prosody of the randomly selected natseatence
is used as a target to generate the prosody o$yhthetic

one. An experiment was conducted to determine tiienpial

of the proposed method. The rule-based pitch contou

generation of a Hungarian concatenative synthesizas
replaced by a semi-automatic implementation ofpfteposed
method. A listening test showed that subjects prede
sentences synthesized by the proposed method ouge-a
based solution.

Index Terms. speech synthesis, prosodic variability, F
variation, k transplantation

1. Introduction

State-of-the art text-to-speech (TTS) synthesisaised on the
concatenation of sub-word or longer units. Thes@n&ues
can produce good quality and highly intelligible tymut.
Recent studies showed, however, that current
synthesis systems are still recognized as non-huwizn
synthesizing extended passages [1]. There are dewuof
ways to improve naturalness. ldentical or very kimpitch
contours of successive sentences make the syntech
monotonous when synthesizing longer passages bfThis

is caused by the fact, that the prosody componénfT&
systems is designed to generate the intonatioonrafdl text,
and lacks the variability of natural speech. SomgST
synthesizers, including the Profivox system prodaceile-
based pitch contour [2]. It is difficult to genexaproper
prosody resembling to human speech, thus machinerged
fundamental frequency contours are less rich thatural
prosody. The goal of this work is to design a nquelsody
module capable of generating more natural prosody a
introducing variability over successive sentences.

It is still a question what type of individual vation
could or should be implemented to obtain indivitual
coloured forms of speech. Keller [1] concentrated the
temporal structure of an utterance. He proposednear
prediction system that can improve the perceivadramess
of synthetic speech.

Raux and Black [3] used corpus-based approacheg to F

modeling. They constructed thg €ontour of an utterance by
selecting flexible portions of contours from a sgeeorpus.

There have been other recent efforts to generatsogdy
that is similar to human speech. Minghui et al.ifdtoduced
a method which they call example-based prosodyrgépa.
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The authors used natural sentences as a prosatyedat The
pitch contours of the database sentences were gecsmt
into three levels: sentence level baseline prosphsase level
prosody pattern, and syllable level prosody. Siesik
methods were applied to calculate the default wakfethe
duration and pitch contour of a syllable. To geteefghrase
level prosody patterns, the database was seardssti lon a
linguistic feature vector, produced during the petf the
prosody database. The best matching sentence edssshe
prosody template for the speech to be generatedteSe=
level prosody was the combination of syllable aridape
level prosody. The combined, Eontour was copied to the
generated synthetic sentence.

2. Methodology

Our final goal is to develop an improved prosodydmie for

the Profivox synthesizer that includes higher pdiso
variation. The proposed method uses a databasetafah
sentences, like the one described by Minghui ef4ql.The

main difference is that we search for multiple rhatg

natural sentences during the synthesis of an ispatence.
This allows us to choose among them in synthesi,ti
reducing the monotony of longer utterances, eveoase of
the repetition of the same sentence.
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Figure 1:0Overview of the proposed synthesis method.

Figure 1 shows an overview of the synthesis metrsmti
in our experiment. First, the Profivox synthesimansforms
the input text into a so-called intonation matriXhe
intonation matrix contains the phonetic transcoptand the
prosodic attributes (sound durations, pitch, andnisity) of
the sentence to be synthesized. In the next dtepddtabase
containing natural sample sentences is searchddxbmevel
for sentences similar to the input text. Thev@alues in the



intonation matrix are replaced by\alues extracted from one
of the selected natural sentences. The intensityoco and
sound durations generated by Profivox are not ofng
These parameters will be the subject of furthedists The
synthetic waveform is concatenated from a diphcatatzhse.
The time-domain  prosody modification  algorithm
implemented in Profivox is used to realize the eagrosody
defined in the modified intonation matrix.

2.1. Database of natural sample sentences

The database consists of waveform files with thektual
transcript. It contains 5200 Hungarian declarageatences
extracted from weather forecasts and weather telagalth
news [5]. All sentences were uttered by the sanmealle
speaker. Sound and word boundaries were labelled
automatically using a Hungarian speech recognitagine

[6] in forced aligned mode. Pitch periods were redrkising

the fundamental frequency detection algorithm afaP{7].

2.2. Analysis of sentences

The central idea of our approach is to use multjpiesody
examples in the database for a sentence to beesyntid. For
a given declarative input text, the method triedirid similar
sentences in the database. If no similar sentenfmund, the
standard Profivox rule based, Eontour is used. For the
purposes of this study we apply a simplified deéiom of the
syllabic structure of a sentence as the numberoofisvin the
sentence and the number of syllables (based onlvovetei)
in each word. In Hungarian stress is (nearly) abvaalized
on the first syllable of a word.

We hypothesize that similar syllabic structure oadés
similar prosodic structure in this language. Tharefin our
initial studies the measure of similarity betwean sentences
is based on their syllabic structure. The simiamiieasure can
be improved by more detailed analysis of the irtput. This
is especially important for languages with highlgriable
word accent positions (e.g. English). After the chatg
sentences are found, one is selected randomly #nd i
fundamental frequency values are copied to theesentto be
synthesized.

2.2.1. Analysis of syllabic structure

It is important to find an appropriate measure iafilarity
between the syllabic structures of sentences In fitst
experiment we used 200 sentences and the numbeordé

as the similarity measure. That approach yieldedpgr
variation in a few cases only. In the experimepboréed here

a larger database of 5200 sentences and a morelecomp
similarity measure were used.
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Figure 2:Distribution of the number of syllables in
the sentence database

After analyzing the database, we found several ggaf
sentences which had the same syllabic structurat ishthe
sentences in a group had the same number of wodishe
same number of syllables in all of their words. gk®wn in
Figure 2, the database contains a large numberomnd |
sentences with over 25 syllables. The sentences loeger
than usual because they were extracted from weather
information sources. The maximum length of the ek
sentences with matching syllabic structure wastdichito 20
syllables in order to better approximate standadtence
lengths of Hungarian. Figure 3 shows an exampléwaf
sentences with matching syllabic structure. There t@n
syllables, and three words. The first word is faytlable
long, the second and third words have three s@&abThe
meaning of the sentences is completely differer@563
“Some may suffer from headache”, 3373: “There may b
clouds from the evening”).
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Figure 3:Pitch contour of two similar sentences with
matching syllabic structure. The vertical dashete$
indicate word boundaries.
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Figure 4:Pitch contour of sentence 3056 in three styles.

2.2.2. Analysis of pitch contour

First, we synthesized all sentences in the selestgdence
groups with the rule-based Profivox pitch contdLite pitch
values in the intonation matrix were replaced, with
changing the generated intensity and duration gallg
modification was based on the pitch contours of nhtural
sentences in the selected group. The syllabldseiséntences
were time-aligned based on the center of vowelaiuthe
curves were stylized by creating breakpoints inrttiédle of



each vowel. The fvalue at a breakpoint was calculated as the
mean normalized Jof the corresponding vowel. The basis of
normalization was the pitch at the beginning of heac
utterance.

The mean § values were written into the intonation
matrix. That is, for the first sentence in Figuren& obtained
three synthetic sentences: one with rule bagemftour, one
with an F contour copied from its natural version, and one

with an R contour copied from the other sentence. The same

synthetic temporal structure was set for all ser#enthus
they only differ in their pitch contours.

2.3. Pitch contour generation

In the Profivox TTS system, a fundamental frequenaye is
defined by one breakpoint on each sound. Linearpoiation
is used between the breakpoints. The positionlwkakpoint
within a sound is not fixed, it can be put on aagnple within
the sound. Figure 4 shows the three syntheticclirves
generated for sentence “3056” in Figure 3 by a malee of
the Hungarian version of Profivox.

3. Experiments

Six groups with matching syllabic structure wertesed for

feasibility tests. There was one group that coedistf three

sentences, and five groups with two sentencessé&imences
in the 2-sentence groups we obtained four varicags
described in section 2.2.2. In the 3-sentence grougp

synthesized four variants for each sentence: otie avrule-

based F contour, one with an gFcontour copied from its
natural version, and two withgFeontours copied from the
other two sentences in the group.

3.1. Test environment

The goal of the test was to compare thedpying method to
the standard rule-based solution and to evaludferetit

natural-based Jsamples. We paired the sentence variants in

each group, so that the 3-sentence group had s aad the
2-sentence groups had three pairs per sententegefther 48
sentence pairs (18 in the 3-sentence group, 3Qerfite 2-
sentence groups) were created.. The paired stimale
separated by an interval of 0.5 seconds, and tlealac
sentence order was cross-balanced in the experiment

To lessen the load of the testers, a listener bavaluate
only a part of the pairs. The subjects listene® teentence
pairs in random order. They had the option to repda
stimulus as many times as they wished but they wete
allowed to go back to previous stimuli. Listenersrevasked
to select the better sounding variant from theeses@ pair, or
to mark them as equal. The test was performed wsiwgb-
interface via the Internet which made the partidgpa of
numerous listeners possible.

On the average the whole test took 18 minutes to

complete. It consisted of six parts. The listenevaluated
four sentence pairs in both of the second and fiéthts. The
first and fourth parts were unrelated to this ekpent. The
third and sixth parts were included to filter owtndom
clickers. In these two parts, the listeners usédpaint scale
to grade the quality of a sentence in one natundl three
synthesized versions. Those providing inconsisigumlity
judgements were excluded from the evaluation.

3.2. Listeners

A total of 208 subjects participated in the test. df them
were excluded from the assessment because theyteépo
playback difficulties, failed to finish the test they were
regarded as random-clickers. The results from 158 rand
35 female listeners were evaluated. Their age wasden 18
and 40 years, with a mean of 23 years.

All were native speakers of Hungarian with no known
hearing loss. Most of them were motivated undengpsel
computer science students. 83 listeners used head-
earphones while 111 applied loudspeakers. 178 rg¢este
reported average quality audio equipment, 10 meatlo
professional, and 6 used poor quality devices. dMt@ects
took the test in a quiet environment while 22 testeported
noisy surroundings. To lessen the load on thenlist not all
of them tested all sentence pairs. The assignnfeigteners
to sentence pairs was uneven, but each sentencenpsi
evaluated by at least 21 listeners.

4, Resaults

Results show that fundamental frequency copying awgul
the prosody of the synthesized sentences. Useeptactthe
intonation curve of semantically different but sturally
similar sentences. Rows in Table 1 and Figure Sritesthe
same comparison: the choices by listeners for drants of
sentences 3056 and 3373. In case of rows 1-3 théerca
sentence is 3056 while rows 4-6 describe resulis 3873 as
the carrier sentence.

Table 1.Results for a group containing 10 syllable long
sentences (3056 and 3373)

sentence pair choices of listeners
number 1 2 L.is equal 2.1
variant | variant| better better
1) © 3056 | 3373 8 8 6
2] § rule | 3056 3 3 17
3 rule 3373 3 16
4 o 3373 | 3056 5 10 6
5] 5 rule | 3056 4 17
6 rule 3373 2 2 19

‘ 8 1. variant is betterO equal B 2. variant is bettér

60%

0% 20% 40% 80% 100%
Figure 5:Results for a group containing 10 syllable long

sentences (3056 and 3373)

The “1. variant” and “2. variant” columns refer the
prosody target of the carrier sentence. For examples 1
and 4 show that the prosodic structure of senteB@66 and



3373 matches very well. Listeners judged them aarlye
equal in both synthesized versions. Row 3 demoestritiat

70% of the listeners regarded sample based probettgr

than the rule-based solution, while in sentence33Bis ratio

is 81%, as shown in row 5. Rows 2 and 6 show théraon
case for natural prosody, which should be bett@n the rule-
based one.

Most listeners preferred the, Fcopied variants of
semantically different sentences against the raked
solution, as shown in Table 2 and Figure 6. Row§ahle 2
correspond to the horizontal axis of Figure 6. Reigar the
whole test, & copying was preferred in 7 cases. In 6 cases
listeners regarded the two variants as basicallyakedrhe
standard rule-based, lEontour was found to be substantially
better only for one sentence pair. It turned oat the signal
processing algorithm in Profivox introduced impottguality
degradation because of the relatively large pitahations in
that case. In pairs where thgwas copied from two different
natural sentences, results show that their quaitalmost
equal. The experiment demonstrates that the nethesis
approach opens a way for increased prosody vamiatithout
sacrificing quality.

Table 2.All comparisons between rule based and
semantically different jcopied variants of sentences

sentence pair choices of listeners

number 1 2 L.is equal 2.1s
variant| variant| better better
1| 3053 rule 3614 11 10 21
2| 3053 rule 3855 5 11 6
3| 3614 rule 3053 17 19 20
4] 3614 rule 3855 14 1
5| 3855 rule 3053 9 4 10
6 | 3855 rule 3614 20 13 22
7 | 3056 rule 3373 3 4 16
8 | 3373 rule 3056 4 0 17
9| 1773 rule 2565 12 1 9
10| 2565 rule 1773 5 3 15
11| 3517 rule 3953 3 1 18
12| 3953 rule 3517 1 7 14
13| 2551 rule 3966 0 3 19
14| 3966 rule 2551 5 13 5

3 rule based is better LJequal M FO copied is bette*

I
il

10 11 12 13 14

Figure 6: All comparisons between rule based and
semantically different §Jcopied variants of sentences

5. Discussion

In this initial study we have experimented withraatucing
prosodic variability by f generation in a Hungarian diphone
TTS environment. Our method generates thedntour for a
sentence to be synthesized from a database ofahaample
sentences. The quality of the generatedcbntour was
evaluated using a listening test. Subjects tes@dehtence
pairs. Figure 7 shows the sum of choices in thatmgst
three columns of Table 2. In half of all cases edty
preferred the frcopied variants over versions with rule-based
pitch contour. F copied variants of the same sentence
category were otherwise regarded to be of equditgueith
only two exceptions. Given these positive reswigs,hope to
extend this work with the timing and intensity fe@s of
prosody with the final goal of increasing prosodariability

of the whole TTS system. We suppose that by rdjirthre
similarity measure results can be further improved.
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Figure 7: Comparisons between rule based and
semantically different jcopied variants of sentences
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