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This paper deals with the problem of speech database design for the needs
of unit selection text-to-speech synthesis. An obligatory condition for the
naturalness and intelligibility of synthesized speech is a high quality speech
database. We propose a computer program developed specifically for the
Russian language which creates a phonetically balanced text corpus of given
size. We present a description of the program and a comparison of an au-
tomatically constructed corpus and some arbitrary corpora. The automatic
text corpus generation program is part of a new voice building system for
VitalVoice Russian TTS. It helps to supplement a text corpus with missing
phonetic units. Further possible improvements of the algorithm are also dis-
cussed. We consider several ways to take into account intonational variation
of units in a database at the stage of the preparation of a text corpus.
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1. Introduction

Unit selection synthesis is based on determining the best sequence of candidate
units from the database. So the first step in developing a new synthetic voice is record-
ing a speech database. Apart from the quality of linguistic processing or selection and
modification algorithms, the naturalness and intelligibility of synthesized speech primar-
ily depend on the quality of the speech database. For this reason, various possible units re-
quired to synthesize sentences of a natural language must be represented in the database.

There are several ways to deal with the situation when a required unit is miss-
ing in the database: simply skipping it; trying to replace it with one having similar
characteristics (with possible modification); constructing it from smaller units, etc.
But usually it causes a significant loss in naturalness in a particular place where an ap-
propriate unit cannot be found.

The most common way to have all required units is to have large speech data-
bases, representing dozens of hours of speech [1]. But only having a large amount
of recorded speech is not enough, it should also be phonetically balanced, i. e. it should,
if possible, contain all required units in all possible contexts with various possible
characteristics such as acoustic parameters like fundamental frequency (pitch), dura-
tion, position in the syllable, and neighboring phones.

But since the creation of the database requires segmentation, which usually re-
quires at least some manual correction after automatic segmentation (“forced align-
ment”), the size of the database influences the time necessary to prepare it for use.
Besides, large databases are inconvenient to store and search in. So there should
be a balance between the size and representativeness of a database.

Usually unit selection speech databases for high-quality TTS contain about
10 hours of recorded speech. Our experiments showed that 2-3 hours are enough for
rather satisfactory quality and intelligibility. Less than one hour of recorded speech
is insufficient because the necessary variability in such characteristics as pitch and
duration will not be achieved, even if all possible units are present.

There are a number of investigations on the automatic corpora construction
for different languages, including English, French, Chinese and other [2-5, 11-13].
But for the Russian language our work seems to be the first. The main advantage
of our method is that it provides a convenient way for automatic voice creation
by the possibility of not simple text selection from a large text corpus, but allows
choosing a synthesis unit and creating and editing different preset corpora before
selection.

2. Methods and Results

2.1. Instruments

Automatic text corpus generation software is part of the voice building system
[8] for VitalVoice TTS [6] developed at Speech Technology Center. A new diphone
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level was added to database segmentation [7], and at present the TTS engine selects
a sequence of diphones for the target utterance. So the examples given in this paper
refer to a text corpus for a diphone database, however our program allows obtaining
statistics and creating corpora for allophone (i.e. triphone — allophone in context)
units as well.

The automatic text corpus generation software was developed on the basis
of a program performing the analysis of phonetic unit frequency [9].

Automatic transcription of texts is performed by a modified TTS engine with
a disabled automatic break assignment module. Pauses are placed strictly at punc-
tuation marks. This is important because the transcription depends on the positions
of pauses. Therefore we imply that the speaker who is being recorded will make pauses
in a similar way (it is necessary to control it during recording). It is more convenient
than marking pauses in the text with special signs.

Our transcription system for Russian distinguishes 59 types of monophones:
19 vowels and 40 consonants (vowel position in relation to the stressed syllable
is specified, and there are 4 additional voiced allophones for word boundaries). Con-
sequently, the number of all possible diphones is 60*60-1 = 3599 (including the pause
context). The number of all possible diphones permitted by the transcription rules
(including nonsense words and combinations) is 2335. If various exceptions (such
as “6oa”) with unstressed /o/ and /e/ are taken into account the number increases
to 2759. But not all these combinations are possible in natural human language. For
example, only 2176 (from 2759 possible) combinations were found in a large text cor-
pus containing over 460 000 word-forms [10].

2.2. Auxiliary corpora
In order to facilitate the text corpus design, the process is divided into three

stages. They are built into the voice building system VoiceConstructor (Fig. 1), which
includes all the stages up to installing the new voice.
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Fig. 1. The window of the basic text corpus in VoiceConstructor

Work with the system begins with specifying the settings of the future sound
database. The user must choose the type of the basic unit: diphone or allophone, set
the average speech rate (it can also be measured automatically during test recording)
and the desired size of the sound database. The program shows the current size of the
future database, durations of the current text and the current corpus. The current text
is shown in the main window, a list of texts is on the right. The user can edit and delete
each one of the texts.

There are four types of corpora: 3 (possible) parts of the resulting text corpus
and one large text corpus for statistics and additional phrases:

1. Basiccorpus

2. User corpus

3. Phonetic corpus

4. Large source corpus

Basic corpus

The basic corpus is the minimal corpus recommended for recording. It contains
various frequent words and word combinations, texts with geographical and proper
names, alphabet, abbreviations and some typical texts for speech synthesis applica-
tions (e.g. IVR or news). The total volume is 2.5 hours with an average speech rate.
Any text can be disabled depending on the user’s purpose.

User corpus
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The user can upload any texts to the special user corpus. Usually these are
phrases that the synthesizer is expected to be able to speak with high quality, e.g.
welcome words or terms of use.

Phonetic corpus

The phonetic corpus is actually the main part of the resulting text corpus. It is the
part generated automatically to include missing units in the database. It is constructed
from sentences selected from the source corpus.

Source corpus

At first the source corpus was supposed to be a fixed large text corpus needed
to obtain diphone statistics and to select phrases with missing units. But then we de-
cided that it is more useful to allow users to change and upload texts. There are
several reasons for it. First, for domain-specific TTS it is very important to choose
sentences from a particular domain or genre. Apart from typical frequent words
and combinations, we need to take into account possible changes in speech rate,
manner and even pitch and timbre (compare reading books and announcements
in an airport). Besides, a large corpus requires significant time for its processing.
But the source corpus should be sufficient to represent the majority of possible units,
and we recommend to include into it at least 10 hours of speech at an average speech
rate (about 70000 word-forms). An example of the source corpus which was com-
piled from different texts from web resources (news, politics, IT, fiction) is included
to the system.

2.3. Algorithm

The algorithm for the generation of the phonetic corpus includes the steps
shown in Fig. 2. First, the system transcribes all the necessary texts in a way de-
scribed above. Then it calculates the desired volume of the phonetic corpus using
the data about the total desired corpus size and the size of the basic and user cor-
pora (if any).
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Fig. 2. Generation of text corpus

Sentences are chosen from the source corpus depending on how many missing
units they contain, sentences with maximum missing units are taken first. If two sen-
tences contain the same number of missing units, sentence with less frequent diphones
will go first. The procedure is the same for infrequent diphones in the case when all di-
phones from the source corpus are already present in the basic and user corpora. The
addition of sentences will stop when the resulting text reaches the desired size. This
allows us to obtain a text of minimum size with maximum missing units. Of course the
sentences in the text are not connected to each other in meaning, but each separate
sentence is not artificial and easy to read. Speech databases usually consist of a num-
ber of files with only one sentence in each file, so sentences in VoiceConstructor are
also recorded separately. Reading nonsense text also helps in controlling the emotions
of the reader, as it is easier to read with constant rate and timbre.

After adding the phonetic corpus, all three corpora can be saved as text files and
are displayed at the next stage when sound files are recorded.

2.4. Example of automatic text generation

To demonstrate the work of the program we compared a text constructed
by the program to an arbitrary text or texts of the same size. We took relatively small
amounts of data in order to speed up data processing. We generated a text for an hour
of speech at the average speech rate (about 8000 word-forms) and compared its di-
phone and triphone statistics with texts of two different styles. The first was part
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of the novel “Obmen” (The Exchange) by Soviet writer Y. Trifonov and the second
was part of “Dialog 2010” proceedings (only Russian texts). Both also contained about
8000 word-forms.

Source text corpus contained more than 100 000 word-forms. It was drawn from
different texts from web resources (politics, IT, fiction).

The statistics were obtained and compared by means of a specially designed pro-
gram performing the analysis of phonetic unit frequency [9]. The results are shown
in the Table 1 below:

Table 1. Diphone and triphone statistics in various texts

Number of diphones | Number of triphone
Number (missing: in source/ | (missing: in source/
Text of word-forms in text) in text)
“Obmen” 7835 1566 (5/462 — 23 %) 9852 (587/16054)
Dialogue 2010 8590 1488 (10/545 — 27 %) 8494 (415/17240)
Generated text 7557 1974 (0/49 — 2%) 11704 (0/13615)
Source corpus 106260 2023 25319

As we can see from the table, scientific text is statistically the poorest in phonetic
variability, although it contains some unique diphones. The automatically generated
text (we should note that it is generated in order to obtain diphone coverage, triphones
were not taken into account) is the most representative and contains almost all the
diphones presented in the source text. The table also demonstrates why diphone units
are preferable to allophones: a context of a diphone in most cases is not as important
as that of an allophone, so the required number of diphones is many times smaller.

A part of the resulting text corpus is presented below:

(1) Ewe 6onee ckenmuuHO CMOMPUM HA NepCneKmugy npusJiedeHusl CUJo8blX
CMpYKmyp k 6AHK08CKOMY KOHMPOJ0 akcnepm «Puandxcnepmussl» Hamanwvs
Bop3osa: "Hukakoii nompebHOCMU 8 KAKUX-MO O0ONOJHUMENbHbLX KOHMPOJIU-
pyrwux cmpykmyp cetiuac Hem, 6bL710 66t Kyda nonestee, ecau 6ot PCEb u MB/]
3AHUMANUCL CBOUM 0eJI0M, Hanpumep, nposepsiiu bl me adpecda, N0 KOMOPbLM
pezucmpupyromcs Gupmol-00HOOHe8KU, MmeM boJiee UMO CU08ble CMPYKMY Dbl
U Mak yzce umerom nNOJIHOMOUUSL NPOBOOUMDb 8bleMKY OOKYMEHMOB U NOJLyUdmb
8C10 HE0OX00UMY0 015 CledCcmeUs. UHPHOPMAYUTO.

OO0uH u3 camwvlx bonbwux 06mMano8 1 anpens, 0 KOmMopom 00120 NOMOM BCNOMU-
HAU 2a3embl U HCYPHATLL, npousoulent 8 JIonHdoHe 8 1860 200y, K020a HECKONbKO
comeH 0XCeHMAbMEHO8 € UX YONOPHBLMU AH2AUTICKUMU NledU NOSYyUUAU NPUAA-
uteHue NpubbIMb «HA eJHe200HYH0 MOPHCECMBEHHYH UePeMOHUI0 YMblBAHUS be-
JlblX 16808, komopas cocmoumcs 8 Tayape 6 11 uacos ympa 1 anpensi».

Anmonuo Banwdec-Iapcua y3Han u3 cgoell ucmopuu 60ie3HuU, umo emy OblLau
HAaHeceHbl caedyroujue mesecHvle NOBPeNcOeHUs: 3aKPblmas uepenHo-mo3208as
mpasma, compsiceHue 20J108H020 M032d, 3AKPbLMbLil nepesiom npagoil bedpeHHO
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3.

KOCmu ¢ ompbleom 00NbULO20 8epmend, OMKPbLMblil 08YCMOPOHHUIL nepesiom
HUJICHeTl Ueatocmu: UeHMPAAbHbLIL U CYyCMAasHo20 0MpPOCMKA Cae8d CO cmeule-
HUeM, nepesiom AJIb8eONSPHO20 OMPOCMKA 8epXHell Uestocmu C1e8d, 3aKpblmblil
OCKONLUAMBLIL BHYMPUCYCMABHLLI NepeioM OCHOBAHUS HOemegoll dananeu
1 nanvya negotl cmonsl, MHOYNCECMBEHHbLE YIUUONeHHble PAHBL UL, NPABO20 KO-
JIeHHO020 CYcmasa, J1egolil Cmonbwl.

IIpesudenm KgacvHegckuil, 3amemun BaneHca, dajce He cmoz 0ocmoliHO 3a-
KOHUUMDb 80U npe3udeHmMcKuil cpok, nomunosas axc-zanagy MB/] u mosapuuja
no napmuu 36ueHesa Cybomky, komopbslil 6bL1 ocyncdeH Ha 3,5 200a miopbmbl
3a nepedauy nosbckoll maguu cekpemuoll uH@opmayuu o zomossujeiicss npo-
mue Hee onepayuu (mem cambvlM 3KC-MUHUCMD NOCMABUL NOO Yep0o3y HCUSHU
nosuuetickux).

OH Hekomopoe 8peMs cywldsl monom waezo8 ybeearwouezo Tuzpa nocse mozo,
KaK mMom CKpbLICS 3d Y2J0M, KaK 80py2 YA08UN 38YK OU3eJbHO20 08Ueamests
cpedHell MOWHOCMU U cam npunycmui 6e2om no mpomyapy — Kax pa3 808pems,
umobbt ysudems 3a0HUe 2abAPUMHble 02HU 2PY308UKA, OHeHb NOX0JCe20 HA (hyp-
20H, pa38o3AWUll IKCNPecc-nouny, Ho 0CHAWeHH020 Napabosuueckoll aHmeHHoll
Ha Kpblulte.

«HeghopmanwbHblx» paszogopos 8 Couu Gydem 6osiee uem 0ocmamouHo, U, 803-
MONCHO, UMEHHO OHU 6YOym uzpams KJauegyio poJib, HO, umobblL npudams cam-
Mumy euduMble pe3yibmamal, CMOPOHbL NOONUULYM 08d CONAULEHUS. 8 DAMKAX
00HO020 U3 «OB6WUX NPOCMPAHCMB», KAK NPUHAMO onpedessimb cdepbl npakmu-
Yeck020 poccuticko-esponetickozo 83aumodeticmausi: 06 ynpoujeHuu 8308020 pe-
HUMa 02151 0MOeIbHbLX Kamezopuil epancoaH u o peadmuccuu.

Ymo kacaemcsi NOMEHYUANbHbLX «MeMHbLX I0WAO0K, MO NPUNO00OHOM «yNI0M-
HEHHOM» CUeHapull, mpefyroulem yice Ha PAHHeM IMane KOJ0CCATbHbLX 3ampam
Ha pekJaiamy u 0py2yr no020mosumensHyto pabomy @ decAmiax wmamoe cpasy,
YBEPEHHO uyscmeosams cebsi Moycem pasge Umo HulHewH ULl Hblo-TlopKeKull 2pa-
00HAUANBHUK MyAbmumuanuapdep Matika Biymbepe.

30ecb, npasda, Hado 3aMemumy, YMO U 8 NPOULIbLE 200bL CMPACMU HAKANSANUCD
(8 meHbULETl cMeneHU, KOHEUHO) UMeHHO K 16 dekabpsi, NOCKONbKY 8 3mom OeHb
14 nem Hazao T'enepanvhasn Accambaes OOH ommeHUNA C80I0 Jce Pe30NIOUUI0
1975 200a, 06Bs8158ULyH0 CLUOHU3M opMOll pacusdma.

Conclusion

The program presented in this paper not only generates a phonetically bal-

anced minimal text corpus but gives the user complete freedom in editing and
choosing the type and style of the resulting text. It is very important when con-
sidering various possible applications of speech synthesis. But there are still some
problems to solve.

One of the issues is when our sound database can be considered complete.

A presence of only one realization of a particular diphone is usually not enough be-
cause it cannot cover all possible characteristics of a diphone such as pitch, energy
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or duration without modification. For some units it is not as important as for others
(for example, voiceless plosives vs. vowels under phrasal stress).

Natural sounding intonation is significant for high quality speech synthesis.
It is very important to have units with at least two types of pitch movement to model
phrasal and emphatic stress. The main tone movements normally appear on stressed
syllables, so we may reduce the number of required diphones to those with stressed
vowels (513 are possible). The intonation on them can be controlled by special signs
for the speaker or simply by punctuation (full stop, comma or question mark). There
are two possible solutions: automatically selecting sentences with the required punc-
tuation and phonemic structure from a large text corpus, or manually constructing
short sentences for the most frequent stressed units. The latter is more preferable
since the former leads to a strong redundancy and some contexts (i. e. contexts with
question marks) may not be present even in very large text corpora.
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