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which includes pitch varieties of VCV-segments is proposed.
ABSTRACT The database consists of two sets of VCV-balanced phonetic
] ] ) words: one is uttered forcibly in type-0 accent and the other is
In order to synthesize natural-sounding Japanese phonetic Wo[flg,req forcibly in type-1 accent. This database could have a
a novel VCV-concatenation synthesis with an advanced woigjety of VCV-segments with the same phonetic chains and
database is proposed. The word database consists of VQi{fterent pitch patterns, and therefore it could be used
balanced phonetic words which are uttered forcibly in type-Qyantageously for synthesizing the very natural-sounding
and type-1 pitch accents. The advantage of using the advan netic words.
word database is that a variety of VCV-segments with the same
phonetic chains and the different pitch patterns could be 2. DATABASE CONSTRUCTION
collected efficiently at the same time. The following pitch
modification techniques are used to achieve the sound quali¥enerally in Japanese, an N-mora word could possibly take N+1
(1) The optimal VCV-segment set which minimizes the pitclpitch accent types. For example, when an N-mora word has the
modification rate is selected. (2) Pitch waveforms are extractéghbe-n pitch accent (n=N), its pitch frequency begins to
by referring to excitation points. (3) Wavelengths of pitchdecrease abruptly at the n-th mora. On the other hand, when it
waveforms are adjusted depending on the pitch modificatidias the type-0 pitch accent, no abrupt pitch decreasing occurs
rates. (4) Natural prosody in the VCV-segments in the databaggywhere. The pitch patterns of typical Japanese accent types
is effectively used. Superiority of the proposed database dse shown in Figure 1. The figure shows that every pitch pattern
ensured by means of the pitch pattern matching measuremegtept type-1 is similar to that of type-0 at the beginning of the

and the subjective quality evaluation. word, and that every pitch pattern except type-0 is similar to that
of type-1 at the end. Therefore, it is considered that every pitch
1. INTRODUCTION pattern could be produced by the combination of two typical

In such speech output systems as used for car navigation"jlgﬁ‘f]mdtypeS (type-0 and type-1) based on the pitch medification
paging system, voice messages are composed by embedcﬁﬁ% od.

some phonetic words in pre-recorded sentence patterns. In thosek Type-0 accent
systems, it is desired that the sound quality of phonetic words & (_
be embedded should be as close as possible to that of pr%-
recorded sentences. Especially in the case that a very large f!srr
almost unlimited vocabulary is required, synthesis of very=

natural-sounding phonetic words would be desired since it |§

almost impossible for a single narrator to pre-record all wordg-

required for a whole system in unified quality. Therefore, new —>
methods have been studied to synthesize the natural-sounding Time

Japanese phonetic words based on the pitch wavefoRgure 1: Pitch patterns of typical Japanese accent types.
concatenation.

In the first approach of our study, the VCV-balanced IOhonetif“herefore, the word database which consists of two Japanese

W.mﬁ database, in Whlcdh each V}’?rd. was uttere_d with da rt')om\%v-balanced word sets is proposed: one is uttered in the type-
pitch accent, was used to synthesize mhwnetic words by 0 accent and the other is in the type-1. Both are uttered with

concatenation .Of VQV-sggments[l]. It was made clear that SOMRferent pitch accent from the normal. Each set consists of
words s;llntrlles]:zed in th_'s wgy Eoundedd dnatt;)ral, but Others_dégproximately 500 VCV-balanced words[2] which were uttered
not. A ic 0 VCV-v;ng% in the WOJ atalase was a majo[)y a professional female narrator for this study. VCV-segments
reason why some words did not sound natural. required to synthesize Japanese words are almost included in the
In order to solve the above-mentioned problem, a novel VC\aPove mentioned word database. The advantage of using the
concatenation synthesis method with an advanced datab&§&v word database is that VCV-segments which are the same in



phonetic chains, but different in pitch patterns could benodifying wavelength of every pitch waveform based on the

collected at the same time in one database efficiently. pitch modification rate. The relationship between the pitch
modification rate and the wavelength modification rate is shown
3. PITCH MODIFICATION in Figure 2. The wavelength modification raté(r2octave), is

o o ) determined depending on the pitch modification rat®, (2
In the process of synthesizing a hew word, it is required that t'&%tave) by the following equation.

pitch frequency should be changed from original one to the
target. Since the sound quality of synthesized words depends T _ b _
. e oo 2'=1+a(2°-1) 1)
much on the pitch modification rates, it is important to use a
pitch modification method by which synthesized words coul@vhere a is compensation coefficient, and it is determined by
retain the original natural sound, in addition to the effectivauditory tests.

construction of database. ) o
A previous study showed that the quality improvement by the

In this chapter, new techniques, which play a significant role wavelength adjustment was seen especially in the downward
reducing the sound deterioration caused by the pitghitch modification[4].
modification, are discussed. The following techniques are used

to achieve the sound quality. (b<0) (b>0)

(1) The optimal VCV-segment set which minimizes
the pitch modification rate is selected.

(2) The pitch waveforms are extracted by referring to ::"< ¥ v‘V/ >'|-.: K V v‘V/ >"
excitation points. | I :

(3) The wavelengths of pitch waveforms are adjusted
depending on the pitch modification rates.

H A
(4) The natural prosody in VCV-segments is used PERCAAY

effectively.

-1 -r

The following sections deal with these techniques in further 2'l 2’

details. Figure 2: Wavelength adjustment depending on the pitch
modification rate.

3.1. Optimal VCV-segment selection

It is expected that the natural-sounding words could bg : : i
synthesized by selecting the optimal VCV-segments so that t e'4' Appllcatlon of VCV-micro prosody

pitch modification rate would become as small as possiblgy conventional methods for modifying the pitch frequency,
Therefore, the pitch pattern matching distance between t@@ery pitch waveform in selected VCV-waveforms is rearranged
target pitch frequency and original one is used as an criterigfong the target pitch patterns. By these methods, however,
function to select the optimal VCV-segment set (Details argcv-micro prosody and the small perturbation of pitch period

described in Chapter 4). inherent in each VCV-waveform are not retained. In this study,
) . global pitch contours of each VCV-waveform are modified
3.2. Pitch waveform extraction along the target pitch patterns based on pitch modification rates

Pitch waveforms are extracted from the selected VC\/c-)nly at VCV-concatenation pqlnts. Thus,_ the \_/CV.-mlcro
o - “prosody and the small perturbation of the pitch period inherent
waveforms by the method of excitation synchronous pItCH

. C —In h VCV- form are held alm h m hown in
waveform extraction[1], which is based on the Phase EquallzI each VCV-waveform are held almost the same, as shown i

Residual Excited Linear Prediction (PE-RELP) model[3]. It igure 3. For examplez the m0(_j|f|ed pitch fn_aque ”ﬁ’(. y is
. . ca(ljculated by the following equation as a function of time.
takes advantages of being free from the extraction errors cause

by the formant resonance and bei_ng fully au_tor_nati(_:. The pitch Mp(t) = Op(t) + { Dy(t2)-Dp(t)}(t-t1) /(t-ts) + Dplt)  (2)
waveform is extracted from two adjacent excitation intervals by ) o ) ) )
using the asymmetrical Hanning window and rearranged alo¥fj'€réOp(t) is the original VCV-pitch frequency in which VCV-

the target pitch pattern. micro prosody inheres arid}(t;) andD(t;) are the difference in
pitch frequency between the target pitch pattern and the original
3.3, Wavelength adjustment of pitch one at the VCV-concatenation poittsandt; respectively. The

auditory test of five synthesized words in female voice resulted
in an average preference score of 75% against the conventional

It is considered that the deterioration of sound quality is caus8eethod[4].
by the fact that spectral feature of the pitch-modified VCV-
waveform does not match with the pitch frequency. The sound

of the pitch-modified VCV-waveform could be improved by

waveforms



the word, three VCV-segments (including a VV-segment) in the
middle and a V-segment at the end. The pitch pattern matching
distance per VCV-segmenPg) is calculated at each segment
(for five segments in all) and the average pitch pattern matching
distance per wordP() is calculated by averaging edeh.

Target pitch pattern
el PP

4.2. Experiment conditions

In this experiment, names of city and prefecture, which were
synthesized by using the following databases, were evaluated.

t; t, (@) The word set with normal accent (conventional

Time

Figure 3: Pitch modification technique: use of micro prosody in database).
a VCV-waveform. (b) The word sets with type-O and type-1 accents
(proposed database).
Th inati f .
4. PITCH PATTERN MATCHING (¢)  The combination of () and (b)

Each database was uttered by a single female narrator. The range

It is desired that the pitch contours of selected VCV-segments pitch frequency in her voice was between 150[Hz] and
should be as close as possible to the target pitch pattern in Orﬁi%[Hz]. The range of pitch frequency #ach word set is
to synthesize the natural-sounding word. It is considered thatgyn in Table 1.

variety of VCV-segments could be collected efficiently by using
the proposed database. Therefore, pitch pattern matchingvCv-waveforms

measurement is performed to confirm the effectiveness of the EU AN U
proposed database. MY mwmmm—mmmww
4.1. Pitch pattern matching measure ] URA NSU

The pitch pattern matching measure is determined by the pitg WMMW e il
modification rates at the centers of each vowel in the VCVA Sie

=y

- T
waveform. That is: Beginning of Center of the word End of
the word the word
Pfi = | log(Tf) - 0g(Of) | [octave] (3)
Seg.. 1 2 3 4 5
Ph =| log(Th) - Iog:(Oh) | [octave] (4) N ginal pi
------- Original pitch contours
wherePf, and Pl are pitch pattern matching distancé,and o VoV wvetoms
Th are target pitch frequencies, a@d and Oh are original Pt Te1get pch pasem

pitch frequencies at front and back vowels in iith VCV-
segments respectivelyié VCV-segment number). The average
pitch pattern matching distance per VCV-segmeR$) (is
calculated by the following equations.

5

Ps=Pf

....... e Ps =(PI+Pb) /2

Ps=Ph i=1) [octave] (5) Ps, =(Pf,+Pb,) /2 Ps, =(Pf,+Pb,) /12
Ps=(Pf+Phb)/2 (L<i<n) [octave] (6) Figure 4: Pitch pattern matching distances in the case of
synthesizing “ FURANSU” meaning “France” in Japanese.
Ps = Pf; @i=n) [octave] (7)
wheren is the number of VCV-segment used to synthesize the VCV-balanced word sets
ta_lrget word. In addlt_lon, the average pitch pattern m_atchlng Pitch frequency Normal Type-0 Type-1
distance per wordP() is calculated by the following equation. accent accent accent
) Average[Hz] 270 305 255
Pd = 1Zps loctavd  (8) Maximum[Hz] 430 420 430
n & —
. Minimum[Hz] 150 180 150

In this study, the pitch pattern matching distari®d (s used for Table 1: Range of pitch frequency in each word set.
evaluating the quality deterioration of synthesized words.

For example, the pitch pattern matching distance per VCV-
segment Ps) in the case of synthesizing “FURANSU” which
means “France” in Japanese is shown in Figure 4. There are five
segments used in this case: a CV-segment at the beginning of



4.3. Measurement of pitch pattern matching asked to select a word that sounded more natuesch pair of
distance the synthesized words.

The pitch patt tching dist d by the ab The result of this preference evaluation is shown in Figure 5. As
€ pitch pattern matching distanéi( measured by the above indicated in the figure, the proposed database has marked more

ngtelocr:zgr rh;]e:rr:(e)dmlesassl:]rzvr;ner? Table 2. The followings Afhan 75% of preference score against the conventional one.
y ' There has been less roughness perceived in the words

(1) The pitch pattern matching distance in the case of synthesized by using the proposed database. The subjective
synthesizing words with type-0 accent is smaller quality evaluation shows thus the effectiveness of the proposed
than in the case of synthesizing words with any database.

other accent types.

(2) The total averagBd of the proposed database was )
. . Proposed Conventional
reduced to approximately two thirds of the database database
conventional one.

(3) The use of the database that consists of words with
the three accent types (c) is not so efficient : : :
compared with the proposed database (b). It is 0% 25% 50% 75% 100%
thought that the reason why there is only a little P

. . reference score
difference between (b) and (c) is that the proposed
database contains enough variety of VCV-

segments to reduce the pitch pattern matching Figure 5: Result of preference evaluation of synthesized words.
distance.
Consequently, it is shown that the proposed database is superior
to the conventional one with regard to pitch pattern matching 6. CONCLUSION
distance. The VCV-concatenation synthesis with the advanced word
database which includes the pitch variety of VCV-segments is
Synthesized words Pd [octave] studied. The database consists of VCV-balanced phonetic words
City and | Accent| a) Normal| b) Type-0| c) Normal, with the type-0 and type-1 accents, and is capable of having a
prefecture| type and type-1| type-0 and variety of VCV-segments with the same phonetic chains and the
names type-1 different pitch patterns. In order to achieve the sound quality
Yokohama| type-( 0.28 0.10 0.10 degraded by the pitch modification, new pitch modification
techniques are also introduced. The pitch pattern matching
O-sak -Q S . .
saka | type 0.19 0.12 0.10 measurement and the subjective quality evaluation are
To-kyo- | type-0|  0.18 0.08 0.08 performed, and the superiority of the proposed database is
Ko-be | type-1l 052 0.31 0.31 ensured.
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