Unit Generation Based on Phrase Break Strength and
Pruning for Corpus-Based Text-to-Speech

This paper discusses two important issues of corpus
based synthesis synthesis unit generation based on phrase
break grength information and pruning redundant syn-
thess unit ingances. Fird, the new sentence st for re-
cording was designed to make an efficient syntheds data-
base, reflecting the characterigtics of the Korean language.
To obtain prosodic context sendtive units, we graded major
prosodic phrasesinto 5 digtinctive levels accor ding to pause
length and then discriminated intra-word triphones using
the levels. Using the synthess unit with phrase break
srength information, synthetic speech was generated and
evaluated subjectivdly. Second, a new pruning method
based on weighted vector quantization (WVQ) was pro-
posed to diminate redundant synthesis unit ingances from
the synthess database. WV Q takesthereativeimportance
of each ingance into account when dustering smilar in-
gances usng vector quantization (VQ) technique. The
proposed method was compared with two conventional
pruning methods through objective and subjective evalua-
tions of synthetic speech quality: one to smply limit the
maximum number of ingances, and the other based on
normal VQ-based dugering. For the same reduction rate
of ingance number, the proposed method showed the best
performance. The synthetic speech with reduction rate
45% had almost no perceptible degradation as compared
to the synthetic speech without ingancereduction.

Manuscript received May 16, 2001; revised Nov. 6, 2001

Sanghun Kim (phone: +82 42 860 5141, e-mail: ksh@etri.rekr) and Youngjik Lee
(emal: ylee@etri.rekr) are with Speech Information Technology Research Center,
ETRI, Dagieon, Korea.

Kekichi Hirose (emall: hirose@gavot.utokyo.ecjp) is with the Department of
Electrical, Electronic, Information and Communication Engineering, Graduate School
of Engineering, University of Tokyo, Jgpen.

168  Sanghun Kim et al.

Sanghun Kim, Youngjik Lee, and Keikichi Hirose

[.INTRODUCTION

Text-to-Speech (TTS) systems based on smdl speech data
bases generate highly intdligible synthetic speech. However,
the synthetic speech is il significantly unnaturd compared to
human speech. The mgor problems arise from insufficient syn-
thesis units and excessive signd processing to redize naturd
prosody. To overcome these problems, Hunt and Black [1]
proposed an optimum unit sdlection method, which has been
applied successfully to the CHATR system. The CHATR sys
tem has two dgnificant features that differ from those of the
conventional TTS system: it uses a dynamic unit sdection d-
gorithm, and it uses multiple unit ingtances containing natura
human prosody. Since it endbles us to generate synthetic
speech without prosodic modification, it preserves the voice
qudity and spesking style of the originad spesker. The AT& T
TTS sysem [2] has adopted CHATR's unit sdlection method.
The sgected units may be ether phones or diphones, and they
can be synthesized by a variety of methods, including Pitch
Synchronous Overlgp and Add (PSOLA), Harmonic+Noise
Modd (HNM), and smple unit concatenation. In such akind
of corpus-based TTS system, alarge speech database is neces-
sary to reflect various prosodic and phonetic contexts. Sdecting
appropriate units among multiple instances minimizes the arti-
ficid prosodic processing S0 that the origina spesker’s charac-
terigtics can be preserved. Based on recent research results, we
darted devdloping anew TTS system based on a large gpeech
corpus. To maximize the phonetic/prosodic context coverage
of triphones, we designed a sentence set based on the occur-
rence of Korean triphones. To reduce the necessity of prosodic
modification, the synthesis units should be findy discriminated
to fit in the target context as closdly as possible. Thus, the syn-
thesis unit that was classfied depending on the phonetic con-
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text was further discriminated by phrase bresk strength. This
process enables us to redize the mgor prosodic events of
phrase boundary. This paper will describe the discriminating
process according to phrase bresk strength.

The huge database, which usudly reechesto afew hundred
megabytes, requires a large memory sze and dows down the
computationa speed. Although a set of specidized sentences
has been designed for recording to reduce the duplicated in-
dances, amilar ingances in terms of prosodic and spectrd fea
tures il remain in the resulting speech database. Furthermore,
due to spesker’s condition change, some indances for a
triphone deviate largely from others of the same triphone. They
cannot contribute to the synthetic speech quality: sometimes
they deteriorate it. They should be excluded from the synthesis
database. Whidler system by Microsoft [3] sdects a smal
number of ingances basad on Hidden Markov Modd (HMM)
meatching scores. It was reported thet very high concatenating
qudity was achieved by choosing instances with the highest
HMM score. However, they only considered phonetic contexts
without taking prosodic contexts into account. Black and Tay-
lor [4] dugtered phonetic and prosodic contexts using a deci-
don tree. They pruned synthess units by discarding 1~4
ingances located furthest from each duder center. Reduction
rates of 20% to 50% were redized without serious degradation
in synthetic gpeach qudity. In CHATR, Campbd| and Black
[5] selected the mogt diverse ingances from the prosodic view-
point for each unit usng VQ dugering technique. The dugter
number (i.e., codebook size) was determined according to the
number of ingtances for each unit. In fact, pruning methods
have not been investigated well for synthesis database design,
which is an important issue for corpus-based speech synthess.
In this paper, we tried to reduce the database sze by pruning
redundant synthesis unit instances based on VQ method.

This paper is organized as follows. In Section |1, we give an
overview of our basdine system. Section 111 dedswith synthe-
ds unit generation: design of recording sentence s, synthess
unit discrimination, and generdization of unseen triphones.
Then, the subjective eva uation result will be presented. In Sec-
tion 1V, we propose a new method for pruning redundant syn-
thesis unit instance based on WVQ (Weighted Vector Quanti-
zation) and show the evaluaion results. Findly, Section V con-
cludesthis paper.

[I. OVERVIEW OF BASELINE SYSTEM

The synthesis system is composed of three parts: language
processing, prosody processing, and sgnd (unit sdection)
processing. Language processing performs text filtering, mor-
phological andlyss, text preprocessng, and letter-to-sound
converson. Thetext filtering module filters undesired symbols
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(i.e,, two byte graphic characters, contral characters, and non-
sense symbols) out of input texts. It convertstypicd text forms
(i.e., date, tdlephone number, email address, and URL address)
into appropriate reading syles.

In prosody processing, an HMM based Part-of-Speech
(POS) sequence modd [6] was adopted to predict gppropriate
phrase bresk strength from input texts. The performance shows
73.5% in 5-leve bregk srength prediction. In unit sdection, a
Viterbi seerch scheme with minimum accumulated digtortion
criterion was utilized to find the best combination of triphone
ingances. As for feature vectors, LPC-based cepstrum coeffi-
cients, energy, pitch and phoneme duration were extracted and
normdized usng Z-score. The phase mismatches between
units a concatenating boundaries may cause perceptible
glitches. To cope with this problem, time domain overlap-and-
add process was gpplied while concatenating synthesisunits[7].
The synthes s database size reached 600Mbyte~1Gbyte. To re-
duce the database S ze, the origind speech (16kHz, 16hits) was
compressed using waveform coding, i.e, u-lav PCM (8kHz,
8hits) and ADPCM (16kHz or 11kHz, 4bits).

1. SYNTHESISUNIT GENERATION

1. SynthesisUnit

Recent synthed's sysems generate naturd synthetic speech
by concatenating speech segments such as phone, diphone (i.e,
units that begin in the middle of the stable state of a phone and
end in the middle of the following one), demisyllable, syllable,
and word. With respect to synthesis units, concatenating dis-
continuity and the number of synthesis unit should be consd-
ered. Though longer units (i.e, syllable and word) reflect co-
aticulaion effects of phones well, alarge number of synthesis
units (about 10,000 syllablesin Korean) are necessary. In prac-
tice, it is difficult to prepare these synthes's units. Hence, most
concatenation synthess sysems have adopted sub-syllabic
synthesis units such as phone, diphone (about 1,000 diphones
in Korean), and demisyllable (about 2000~3000 demisyllables
in Korean). In the case of diphones and demisyllables, con-
catenating discontinuity can be minimized since they are con-
catenated a the spectraly stable region. Siill, the demisyllable
has a problem when concatenated at a syllable boundary. Inthe
case of phone-sized synthesis units, it is difficult to cover dl the
phonetic contextua variations. Because there is likdly to be
concatendting digtortion, the diphone has been widdy applied
to many synthesis systems because it has a suitable number of
units and minimum concatenating distortion. These days, how-
ever, alarge amount of phonetic contexts can be taken into ac-
count. Therefore, a phone-sSzed unit is advantageous in utiliz-
ing more gppropriate context sendtive units, which is likely to
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generate better synthetic speech. It can be consistently seg-
mented using an automatic speech recognizer. Moreove, it is
eader to manipulate than other units with respect to context
clugtering and prosodic processng. Therefore, we sdected a
phone-sized synthesis unit (i.e,, triphone) that reflects the pre-
ceding and following phonetic context of aphone.

2. Design of Recording Sentence Set

To congruct a triphone based synthes's database, triphone
coverage with respect to phonetic and prosodic contexts should
be considered. For the phonetic aspect, there are over fifty
thousand triphones in Korean: [{v, G, #+vH{¢, ¢, v, #], [{V,
G, #+gHv}], and [{v}+cH{c, # ], wherev, ¢, ¢, and # Stland
for 21 vowds, 19 syllable initid consonants, 7 syllable fina
consonants, and silence, respectively. For the prosodic aspect,
each triphone should retain enough instances to cover possible
prosodic variations gppearing in the utterances as the number
of necessary triphoneinstances may reach over severd millions
in the end. However, it is imprectica to get dl the necessary
triphoneingtances|g].

In Korean texts, function words (i.e., particles or inflections)
play an important role in demarcating the syntactic boundaries,
while in Korean speech, mgor prosodic variations occur
mostly in the function words. Thus, it is better to collect more
triphone ingtances found in the function words. The function
words are evenly distributed in the well-formed sentences, so
we SHected a few hundred thousand well-formed sentences
from the text corpus that were extracted mainly from mid-
die/high schoal textbooks and newspapers. When sdecting the
sentences, the sentence length was limited to 15~20 words to
reduce the spesker’s effort. To avoid the duplicated units being
included in the resulting peech database, the greedy dgorithm
was goplied [6].

The obtained sentence set condgts of about 3,600 sentences
and contains 14,882 unique triphones. The totd number of
triphone instances exceeds 410,000. Source utterances are pro-
duced by a femae announcer during normad text reading. To
obtain phoneme segmentation results, we utilized an HMM-
basad continuous speech recognizer. In order to adapt to the
target spesker, the gpeach recognizer has been cdibrated usng
the target spesker’s database. With adapted didtribution and
codebook weight parameters, the speech recognizer conducted
Viterbi dignment to segment an utterance into its correspond-
ing phonetic symbols. Figures 1(a), (c), and (d) show an utter-
ance waveform, its spectrum, and its automatic segmentation
results, respectively. To detect the pitch period, we utilized a
laryngograph. It converts physica vocd cord activity to electric
signds 0 that the voicing/epoch can be accurady detected
without invoking a manuad process. Figure 1(b) shows the
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Fig. 1. The automatic phoneme segmentation result: (&) speech
signal, (b) laryngograph signd, (c) spectrum, and (d)
phoneme labels.

laryngograph signal.

Although the phoneme boundary was located automaticaly,
we gill needed amanua processfor correcting severe segmen-
tation errors such as “vowdstvowes’, “vowdstHina conso-
nants (or coda)”, ec. The synthesis unit database was con-
structed S0 that synthesis unit cost becomes zero when the two
adjacent synthesis units are consecutively placed in the source
utterances. By doing o, the spectrd mismatches can be re-
duced asmuch aspossible.

3. Synthesis Unit Discrimination

In corpus-based synthesis, synthesis units should be asfingy
discriminated as possble in terms of phonetic and prosodic
contexts. To accomplish this, firg, each phone was discrimi-
nated depending on preceding and following phonetic context
of a phone. Second, the phone was further discriminated de-
pending on phrase bresk strength, which can reflect mgjor pro-
sodic events. This section describes the discriminating process
of triphoneto reflect prosodic context.

In generd, an utterance is prosodicaly grouped with severd
chunks of unit. These units, cdled prosodic phrases, are formed
by the syntactic and semantic structure of an utterance. Pro-
sodic phrase is usudly sgnded by sgnificant prosodic events
such as preboundary lengthening, intonation falling/risng, and
pause insartion. It occursin severd levds corresponding to the
perceptudly digtinct phrase bregk strength. Price [9] assigned a
7-level bresk index to express the degree of decoupling be-
tween words. In Tone and Bresk Indices (ToBl) sysem pro-
posed by Beckman [10], there is a 5levd bresk index. It
merged Price's break indices 4~6 into the same bresk strength.
In K-ToBI (Korean ToBI version 3.1) system proposed by Jun
[11], there are 4 different levels: O for dlitic group, 1 for phrase
interna word boundary, 2 for accentud phrase, and 3 for into-
nation phrase. To grade the phrase bresk srength, Wightman
[12] utilized the segmentd duretion in the vicinity of prosodic
phrase boundary. In the results, 7-level breek strength could be
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datigticaly re-graded to 4 levds (i.e, 0~1, 2, 3, 4~6) and dso
the durationd acoudtic cue was useful for grading minor pro-
sodic phrase such as breek indices 0~3. On the other hand, in-
tonation and pause were effective to grade magor prosodic
phrases (i.e, bresk indices 4~6).

In practice, it is not easy to grade digtinctive leves of minor
prosodic phrases (i.e, bresk indices 0~3). Moreover, intra:
word triphones in minor prosodic phrases are phoneticdly in-
fluenced by each other. In this case, we have to consder not
only the break strength but dso the phonetic context of the fol-
lowing word. Thesetriphones are scarcdy used in the synthesis
process. Thus, discriminating minor prosodic phrases may not
contribute to synthetic speech qudity. For that reason, we have
focused on the mgjor prosodic phrases (i.e, bresk indices 4~6).
The minor prosodic phrasss (i.e, bresk indices 0~3) were as-
signed to bresk index 1. As explained previoudy, the mgor
prosodic phrase boundaries are marked by complicated pro-
sodic events. In the K-ToBI system, bresk indices 2 and 3 are
discriminated according to whether astrong subjective sense of
pauseis perceived or not. The pause must be asmple and de-
cigve feature among prosodic fegtures. On examining the data,
the pause length was utilized to grade the mgor prosodic
phrase. Even if no slence was found between words, we put
pause marks if there was a perceptible break and no strong as-
smilaion across the words The discriminating process is
sraightforward. Fird, we investigeted pause length distribution
in dl the utterances to determine the degree of decoupling
words. As shown in Fg. 2, which is a hisogram of pause
length, the pause length can be divided into three parts: short,
medium, and long pause. We marked didinctive levels of ma
jor prosodic phrase depending on it. Each part was assigned to
break indices 2~4, repectively.

The resulting break index conssts of 5 levels, i.e,, 0 for word
internd triphone, 1 for word juncture, 2 for short pause, 3for a
little longer pause than bresk index 2, and 4 for long pause. The
grong phrase bresk strength (i.e,, bresk index 4) is alocated to
the end of sentence or clause. Findly, triphones a word
boundaries were discriminated depending on the phrase bresk
grength. Furthermore, Wightman said that ssgmentd lengthen-
ing in the vicinity of prosodic boundaries is found to be re-
dricted to the rhyme of the syllable preceding the phrase
boundary. On examining the data, we dso discriminated the
vowd of find syllablerhyme.

For example, the Korean word “ " (“gudent” in English)
is converted into phonetic symbols /#h-aK-SE-O-# (IPA
code corresponding Roman characters is shown in Appendix).
Symbal ‘# indicates the pause. Each phoneis discriminated by
its preceding and following phonetic contexts. Then, the word
“ " congsts of 6 triphones /:hy, had, 1K, kS, IsEd,
and /gO4/. The subscript indicates the phonetic context. To re-
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flect the prosodic context, the word initid (i.e, /4hy) and the
word find triphone (i.e, /£0y) are further discriminated asthe
phrase bresk strength. If the bresk strength of the pre-word and
post-word boundary is 3 and 4, they become 45y, and ggOy, re-
pectively. The triphones of an interna word have bresk
drength 0. The syllable rhyme triphones /sEo/ reflecting
Wightman's scheme becomes /gE;o/. The right bresk index of
the phone /E/ is not O but 1. By doing 0, the prosodic varia-
tions due to the phrase boundaries can be reflected. Findly, the
prosodic context sendtive triphones become /ighod, hodo/,
l:0Kod, IkoSoel, IsoBaof, and /o
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Fig. 2. Histogram of pause length.

4. Generdization of Unseen Triphones

While synthesizing unlimited texts, an unseen triphone that
doesn't exigt in the synthes s database may occur. Usudly, over
1% of unseen triphones occurred when alarge amount of sen-
tences was synthesized. It meens that an unseen triphone oc-
curs once for every sentence of 15~20 word length. It causes
pectral mismatch at the concatenating point, and has a bad &f-
fect on the synthetic speech qudity. Therefore, it should be
subdtituted for the proper triphone with asimilar phonetic con-
text. This is the generdization process of unseen triphones.
Similar phonetic context means that the acoustic redization of
the phonetic context is Smilar with that of the desired triphone.
To generdize unseen triphones, we defined the smilar pho-
netic context of dl phones based on human expert knowledge.

The generdization processis conducted as follows. First, the
phonetic context of the unseen triphoneis replaced by the Smi-
lar phonetic context. Then, we try to find the new triphoneif it
exigsin the synthesis database. Second, if there is no matched
triphone in the synthesis database, the broad phonetic contexts
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(i.e, voiced/unvoiced, tensellax, aspirated/unaspirated, rounded/
unrounded, etc) are gpplied [6]. If an unseen triphone differsin

phrase bresk strength, it is replaced with another bresk strength.

For example, the unseen triphone /40,4 may be subgtituted for
leOhd OF /p0id. In the result, the synthess database is able to
cover about 285,000 triphones: 28,000 for exactly matched
triphones and 257,000 for milarly matched triphones.

5. Subjective Evaduation

To evduate the syntheds system, an informd ligening test
was performed. In the experiment, 12 people participated and
recaived scores ranging from 1 (worst) to 5 (best). We selected
50 sentences from 589 phoneticaly balanced sentences (PBS),
which was extracted from amillion wordstext corpus based on
entropy maximization. The synthetic gpeech was played twice
with a 5 second intervd. The resulting score was 3.0 (mini-
mum=2.62, maximum=3.42). The proposed TTS system was
compared with the old one that was based on demi-syllable
units [13]. The number of demi-syllable units was 1228. The
old TTS system used the Fujisski modd for intonation and the
Klatt modd for duration. Most participants preferred the syn-
thetic gpeech of the proposed TTS system to that of the old
TTS sysem. Although the new synthesis system till generates
some undable sound, it creates humant-like synthetic gpeech
without prosodic modification.

V. PRUNING REDUNDANT SYNTHESIS UNIT
INSTANCE

1. Weighted VQ

The unit sdection process determines the best indance s
quence by minimizing the accumulated disance within aword
or aphrase. Sdecting the best instanceis usudly affected by the
preceding and following unit ingances. Furthermore, the fre-
quently sdected ingtances are more important and contributive
to the synthetic speech qudity than other ingtances. In the prun-
ing process, those facts should be consdered. Thus, to reflect
the importance of the frequently sdected ingtances, i.e, therda
tive importance of ingtances, we propose the weighted vector
quantization (WVQ), which congders the rdative frequency of
section. Theweight (wi,,) can be obtained in advance by count-
ing the number of occurrences of the sdected indance (fregy)
dter synthesizing a large text corpus. Then, the weight is di-
rectly incorporated into the VQ dgorithm. In the current ex-
periment, the unit selection module utilizes the Eudidean digtor-
tion mesasure as concatenating cost. To generate as highly natu-
rd synthetic speech as possible, the weight (W) of feature par
rameters (i.e, cepstrum, pitch, power and duraion) was ad-
justed experimentaly [14]. Especidly, if the distortion between
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two units exceeds a given threshold, Viterbi search exdudesthe
path going into thet ingance. To redize the WV Q dgorithm, the
Lloyd agorithm [15] was modified and used.

In this experiment, we extracted 12 dimensiond training fea-
ture vectors (X): 2 pitch vaues (begin and end of phone), 5 or-
ders of cepstrum coefficients for unit u; (extracted from left and
right phone boundaries). Since the mismatches of duration and
power in the synthetic speach are less audibly perceptible than
those of pitch and cepstirum. The duration and power were ex-
cluded from training feature vectors.

Weighted VVQ dgorithm
Step 1: Chooserandomly initid N codewords ¢ (i=0).

Sep 2 For each training vector (%), find the nearest code-
word and assign training vector to the corresponding
centroid.

|

Xm_Cn y I'TFl,Z,...,M

@

Q(xm) =arg lff)ﬂn
i

where " =€ +€? +..+€* and M is the number
of training vectors.

Sep 3: Update the centroid vector so that the frequency of
the selected ingtancesin each clugter isreflected.

C§1i+l) = ) Xme, n=12...N (2)
Q(Xm)=C$1I)
Wy = ——edm 3
> freqm
Quxm)=cl)

where freqy, is the frequency of the sdlected mi” in-
stance.
Sep 4: Seti=i+1 and cdculate the average distance.

% [~ Q)| x
pig ) - sl ™ T T @

M
Kx ¥ fregm
m=1

where K isthe dimengon of the vector.
Step 5: Repest steps 2 ~5 until the decreasing rate of the av-
erage diganceislessthan agiven threshold (¢ ).

N (SN ()
(<o) )
Dist

dsegotoSep 2.
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To verify WVQ dgorithm, we compared the result of WVQ
with that of VQ. The freg,, was obtained by synthesizing about
20,000 sentences (i.e, textbooks, news, didogues, scenariosand
<0 on) and utilized for caculaing the weight (w,). Figure 3(a)
showsthe distribution of freq,, the frequency of sdlection, inthe
triphone /m0ud-

Figure 3(b) shows dl the training vectors and VQ dustering
results of triphone/ o O in the pitch-cepstrum (1 coefficient)
two-dimensond spece. In FHg. 3(c), WVQ codewords and
freq,, of additiona vectors, which was cdculated by adding
andl random vaues to origind training vectors, were pre-
sented. The densdly digtributed regions indicate frequently se-
lected ingdances. The result shows that two of the VQ code-
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words are moved to the densdy didributed regions due to
weighting, indicating thet the WV Q reflects wdl the reative
importance of ingtances.

2. Experimenta Results

We carried out saverd experiments using three kinds of
pruning methods: Limit (the number of maximum instances is
samply limited), VQ, and WV Q. At present, our synthesis sys-
tem redricts the maximum number of ingtances for red-time
gynthess. Limit is a basdine of our current synthess sysem.
To evduate the performance of the pruning methods, we chose
20 test sentences from 589 phoneticaly baanced sentences.
Then, the synthes's process was performed to compute the ac-
cumulated concatenating digtortion, which was used for objec-
tiveevduation.

As shown in Fg. 4, the WVQ shows better performance
than the other methods with regard to cepstrum digtortion.

In pitch digortion, the WVQ and VQ outperform Limit but
they are roughly the same. A large pitch digortion in Limit
might be smply caused by the confined prosody dueto limited
number of avalable ingance. The objective evauaion results
show tha the two digtortions (i.e, cepstrum and pitch) are
roughly congtant under the 45% reduction rate and dart to in-
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Fig. 3. VQ/WVQ clustering result of triphone / q0od/: (8) Relative
frequency freq,, in triphone/ . 0od/, (b) VQ, (¢) WVQ.
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Fig. 4. Objective evauation results (Distortion vs. reduction rate):
(a) cepstrum distortion, (b) pitch distortion.
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crease over that rate. It means that the synthetic speech qudity
can be preserved even if 45% reduction rate is used. Reduction
rateisthe degree of pruning of the synthes's database.

To evduate subjectively the performance of pruning meth-
ods, we dso carried out the informa listening test with 45%
reduction rate. The test materid isthe same asthat of the above
objective measurement. Four people participated in the ex-
periment. All the participants scored a number ranging from
1 (wordl) to 5 (best). Inthe resultsshown in FHg. 5, theWVQ s
superior to the other pruning methods. In addition, the WVQ
doesn't degrade the synthetic speech quality when compared to
the full search (i.e, no-pruning) even if alarge reduction rateis
used. The Limit results in the worst among the three pruning

methods.

Pruning methods

Score

Fig. 5. Subjective evaluation result.

The computationd load mainly comes from the unit sdec-
tion process, which finds the best instance sequence among lots
of combinations of instances. The pruning process reduces the
number of combinations, and therefore accd erates the synthe-

ssspeed.

V. CONCLUSION

In this paper, we discussed two important issues: synthesis
unit generation and pruning redundant synthes's unit instances.
To make an efficient synthesis database, the new sentence st
for recording was designed. It reflected the characteridtics of
the Korean language. The synthesis unit that was classfied de-
pending on the phonetic context was further discriminated by
phrase bresk strength. This process enables us to redize the
mgor prosodic events of phrase boundary. In the case of un-
seen triphones, we defined the Smilar phonetic context of dl
phones based on human expert knowledge. By doing so, we
could subdtitute it for a smilar triphone as closdy as possible.
To prune redundant synthesis unit instances, we proposed the
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weighted VQ pruning method. By conddering the rdative im-
portance of instances during pruning process, we could effi-
ciently reduce the synthess database dze without degrading
the synthetic speech qudity. The subjective/objective evaua
tion resullts showed thet the proposed method outperformed the
conventionad pruning methods in terms of synthetic goeech
qudlity in the case of 45% reduction rate. Moreover, the pro-
posed method generates nearly indidinguishable synthetic
peech from that of no-pruning. Even over 50% reduction rate,
the new pruning method doesn't serioudy deteriorate the syn-

thetic speech qudity.
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Appendix
IPA and Roman characters corresponding to Koreen characters

() syllable initid consonants (b) vowels (c) syllablefinal consonants
Korean IPA Roman Korean IPA Roman Korean IPA Roman
g g a a g K
n n A \% n N
d d 0 o] d T
r r u u | L
m m w U m M
b b i i b P
S S e iy (@]
z z € E
c c ja ja
kb k ja v
th t jo jo
p" p ju | ju
h h je je
g’ G je jE
d’ D wi Wi
b™ B wa wa
s’ S WA Y
z" Z we we
wi wi
we wWE
we we
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