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Abstract

A prosodic labeling support system has been devel-
oped and evaluated. Large-scale prosodic databases are
strongly desired for years, however, the construction of
databases depend on hand labeling, because of diversity
of prosody. We aim at not automating the whole label-
ing process, but making the hand labeling work more
efficient by providing labelers with appropriate support
information. A method to generate J-ToBI labels utiliz-
ing linguistic information had been already proposed. We
have developed a J-ToBI labeling system using initial la-
bels generated by the proposed method, and conducted
labeling experiments using the system. Records of the la-
beling work in the experiments proved that time required
to do the labeling work was reduced to half by using the
system with the initial labels. Subjective evaluation re-
sults also verified the validity of the proposed method to
support the labeling work.

1. Introduction

In order to realize more intelligent speech understand-
ing system, or to generate synthesized speech with higher
quality, large-scale prosodic databases are indispensable.
The progress of the speech recognition technology based
on HMM and the increase of computer power enabled us
to construct large-scale speech databases with phoneme
information. Automatic labeling of prosodic informa-
tion is very difficult, however, because of diversity of
prosody. So labeling work of prosodic information must
be conducted manually by experienced labelers. Because
present technology level does not allow us automating
prosodic labeling work, we aim at making the hand la-
beling work more efficient by providing labelers with ap-
propriate support information. Our final purpose is devel-
opment of a support system for prosodic labeling.

Not a few prosodic features can be estimated from
linguistic information. We had already proposed an auto-
matic prosodic labeling method positively utilizing lin-
guistic information[1]. The Japanese-ToBI[2] system
was adopted as our prosodic labeling scheme. A J-ToBI
labeling system using the initial labels generated by the
proposed method has been developed, and labeling ex-

periments using the system has been conducted.

In Section 2, a proposed method to generate J-ToBI
labels utilizing linguistic information is described with
the evaluation results. A system using the initial labels
generated by the proposed method is introduced in Sec-
tion 3. Evaluation of the system was conducted and the
results were considered in Section 4.

2. Prosodic labeling based on linguistic
information

Not a little label information of J-ToBI can be estimated
by linguistic information:

e Word tier: Labels can be determined from a mor-
phological analysis.

e Tone tier:  Peaks of Fj contours can be pre-
sumed by the information of accent types. Foot
boundaries of F{y contours correspond to positions
of pause labels.

e Break Index tier: Syntactic information is usable
to estimate the labels on the Bl tier. BI 1, BI 2, and
BI 3 correspond to the boundaries of word, bun-
setsu, and sentence, respectively. The treatment of
BI 3 needs to be considered.

We had proposed methods of automatic labeling on
the tone and BI tiers[1].

2.1. A labeling method for the tone tier

The tone tier in J-ToBI marks the distinctive pitch events
in the Fy contour, and is consistent with the work on
Japanese intonation by Beckman and Pierrehumbert[3].
The following is a list of the core labels in this tier.

H*+L bitonal pitch accent marking the lexically specified
accent of accented phrases.

H- phrasal tone marking the high Fy of unaccented
phrases, also used in some accented phrases in
which the phrasal H is higher than the accentual H.
It is one of the two tones that delimit the accentual
phrase (most commonly bunsetsu) in Japanese (see



break index 2 below). In Tokyo Japanese, this tone
usually occurs on the second mora of the phrase.

L% Along with the phrasal H-, this final low bound-
ary tone characterizes the accentual phrase in
Japanese. Together, these two tones produce the
familiar rise-fall pattern of the accentual phrase.
There is also a “weak” variant of this tone (WL %)
used in cases where the next phrase begins with a
long syllable, or is initially accented.

%L initial low boundary tone marked at the beginning
of post-pausal phrases. It provides an anchor from
which the Fj rises at the beginning of utterances
and after pauses. As with the final low bound-
ary tone, this initial tone also has a “weak” variant
(% wL), used in the same contexts.

In addition to these core tones, the tone tier also in-
cludes labels for marking the boundary tones conveying
various nuances at the end of intonation phrase (L% H %,
L%HL %), the late or early Fj events (<, >), and uncer-
tainty about the de-phrasing of accented words (¥?).

The linguistic information, phoneme labels and ac-
cent types for each word in the reading text, was uti-
lized to the automatic labeling on the tone tier. Accent
type information was generated manually based on the
indices of an accent type dictionary, and the rules of ac-
cent sandhi. In this study, the 6 symbols(%L, %wL, L%,
wL%, H-, and H*+L )were selected as the targets of au-
tomatic labeling. The generation rules for each symbol
were following:

%L is put at the end of short pause label in the phoneme
label tier. If the current phrase begins with a ‘heavy
syllable, which means a long syllable, or that
the current accentual phrase is initially accented,
% wL is used instead of %L.

L% 1is put at the end of accentual phrase. If the next
phrase begins with a ‘heavy syllable,” WL % is used
instead of L%.

H- is placed at the center of the vowel of the second
mora.

H*+L is placed at the end of the mora where the accent
nucleus is located.

Accuracy of automatic labeling was inspected using
the answer labels annotated manually by the labelers.
An experiment was conducted using the whole data of
the Japanese MULTEXT prosodic corpus[4]. The results
proved that 71.6% of all labels were placed on correct
positions with correct symbols, and that the proposed
method generated the labels for %L and %wL almost

perfectly. The rates of insertions for L%, wL %, and H-
were not low. This fact indicated that many accent sandhi
events had occurred more than we had expected.

2.2. A labeling method for Break Index tier

Break indices are a measure of the degree of association
between two sequential units. They indicate the prosodic
grouping of words at various levels. These are measures
of perceived juncture that have observable physical cor-
relates, such as tonal markings and pre-boundary length-
ening. J-ToBI distinguishes 5 degrees of disjuncture in
the prosodic structure of Japanese.

0 break index marking junctures common in fast
speech phenomenon, e.g., /kore+wa/ — [korya].

1 marks the juncture between sequential words.

2 marks the juncture between prosodic units corre-
sponding to the accentual phrase[3]. This unit is
delimited by the rise-fall of the phrasal H- and L %
boundary tones. It often consists of a noun plus
following postposition (bunsetsu). However, it is
also common to find two or more content words
grouped together into a single accentual phrase, de-
limited by these two tones.

3 marks the boundary between successive intermedi-
ate (major) phrases. This is the domain in which
the high-tone line is specified, and therefore at a
break index 3 boundary, a new pitch range is cho-
sen for the following phrase. The prosodic juncture
marked by a 3 is stronger than that marked by a 2
(accentual phrase), but lacks the percept of “final-
ity” which accompanies the stronger break index
4.

4 marks the boundary of an intonation phrase. It is a
strong juncture marked by a sense of “finality.”

In addition to the 5 labels described above, the J-ToBI
break index tier also contains labels for marking labeler
uncertainty (e.g. 1-, 2-, 3-, 4-) about the strength of the
boundary, and also labels for marking hesitations or other
disfluencies (e.g. 1p, 2p, 3p), or mismatches between
tones and perceived juncture(e.g. 2m, 3m).

The labels on the BI tier were estimated automati-
cally using the results of syntactic analysis. The read-
ing text of 40 paragraphs in Japanese-MULTEXT corpus
was analyzed by the Kurohashi-Nagao Parser(KNP)[5],
a Japanese syntactic structure analysis system. The BI
labels of the core 4 symbols(‘1’, 2°, ‘3’, and ‘4’) were
generated by the following rules:

BI 1 is put on the word boundaries in the current bun-
setsu.



BI 2 is put at the end of bunsetsu.
BI 3 is substituted for BI 2 with comma.

BI 4 is put at the end of sentence.

The estimation accuracy was investigated by compar-
ing the auto-generated labels with the answer labels an-
notated manually. The results proved that 75.1% of all la-
bels were generated correctly. The results also indicated
that the estimation of the labels for BI 1 and BI 4 is pretty
accurate, and that the rules for BI 2 and BI 3 should be
improved.

3. System construction

A prosodic labeling support system has been developed;
the system aids labelers with their J-ToBI labeling work
by showing them the initial positions of the labels on
the tone and the BI tiers decided by using the pro-
posed method in Section 2. Figure 1 shows a screen
shot of the developed system. The system is based on
Wavesurfer[6]. Speech waveform, phoneme labels, spec-
trum information, and pitch contour are shown on dis-
plays in front of labelers. They do the labeling work re-
ferring the above information.

When labelers do the actual J-ToBI labeling work by
the system, they need to fill miscellaneous tiers with addi-
tional information such as laughter and cough. Large part
of the work, however, is to modify positions or names of
the initial labels on the tone and BI tiers. In case of mod-
ifying the existing labels, labelers are likely to lose sight
of a current position of the work. In order to avoid such
a situation, a new function is integrated to the system; a
function to show modified labels with a different color
from that is assigned to the initial labels. The labeling
work is expected to be more efficient by the above im-
provement.

4. Experiments

In order to verify the effect of the initial labels by the
proposed method on the labeling work, experiments us-
ing the system have been conducted. There are four kinds
of operations in the labeling work as follows: insertion,
deletion, transfer, and change of labels. All operations
had recorded with timing information. A subjective eval-
uation was also conducted. Subjects participated in the
experiments were asked to answer a questionnaire after
using the system.

4 labelers asked to do the labeling work by two sys-
tems; one is the developed system, and the other is a sys-
tem with no initial labels on the tone and BI tiers. Each
subject(labeler) was directed to do the labeling work
for 30 paragraphs in the Japanese MULTEXT prosodic

WayveSurfer 152
File Edit Trancform View Help

DEH|EB|i2@o | a a H | onm

v e - > 1 m @ x|
ho1ss
L1osss
,:ia s watasyival bagaonya| yoxoni| nars
- of i
onl #ll af ef af sifibl ol 6l e| olal ohilibl of ¥l oblil sl akl il
iz == = —_— =
g - —
3000 =
2500 =
2000 | -
- =
1000 =
500 =
00|
T e Ry, o S Zmo
mol e T T e, e,
0.
e
wd] watasjl‘ wa be'Qdoinjl yokoinjl‘ na'rl‘
tor 1] H- wialar+n] < L3 H-| e+ L3
BT 13- 1 2 1| 3
mis| 511>‘ h‘ h‘ *‘ h‘ <Sll‘
; L P [z D

Wavefom - 06.516 32 26]

Figure 1: A screen shot of the labeling system.

corpus[4] for each system(totally 60 paragraphs per sub-
ject). The subjects were instructed to do the labeling
work only on the tone and BI tiers, and not to do any-
thing on miscellaneous tier.

4.1. Analysis of operation records

Values of average time of required to do the labeling work
per paragraph were calculated for both of the systems.
Table 1 indicates the values of average time for each sub-
jects and whole subjects. The results showed that the
amount of time required to do the labeling work was re-
duced to nearly half by using the initial labels. This fact
proved the validity of the proposed method to the labeling
work.

The records were analyzed in detail. First, numbers
of the operations(insertion, deletion, transfer and change)
were counted up for each kind of operation. Figure 2
shows the distribution of the frequencies of each opera-
tion. In case of using the system with the initial labels,
it was proved that transfer on the tone tier and change on
the BI tier were the most frequent operations on each tier.

Then, for these operations(transfer on the tone tier
and change on the BI tier), how often each kind of la-
bels is modified was investigated. Rates of modified la-
bel number to the whole label number(R M) and values of
average time required to an operation(AT") for each kind
of labels were calculated and shown in Table 2. Con-
cerning transfer on the tone tier, there was no differences
among AT's, however, it was proved that H- and H*+L la-
bels were transferred more frequently than the other kinds
of labels. As for change on the BI tier, BI 1 and BI 2 la-
bels were likely to be changed, and taken considerable
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Figure 2: The distribution of the frequencies of each op-
eration.

Table 1: Values of average time(seconds) required to la-
beling per paragraph for the two systems; with no la-
bels(No labels) and with the initial labels by the proposed
method(Proposed).

Subject | No labels | Proposed
A 1169 601
B 1289 707
C 1786 689
D 1437 937
ALL 1421 733

time in the operation.

4.2. Subjective evaluation

“Which system was easier to do the labeling work?” All
subjects selected the system with the initial labels by the
proposed method. Concerning a question about accuracy
of the initial labels, all of them concluded that the ac-
curacy was not very enough, but the initial labels were
efficient for the labeling. The validity of the proposed
method was also verified by the subjective evaluation.
The subjects pointed out gaps of H- and H*+L labels and
substitutions between BI 1 and BI 2 labels as the promi-
nent errors of the initial labels. This facts supported the
results of analyzing labeling records.

The function to show modified labels with a differ-
ent color was evaluated to be necessary if anything. The
function was not so highly supported, because opera-
tional performance of the system was a little decreased
by integrating the function. A lot of useful comments to
improve the system were obtained; it should be resolved
that very near adjacent labels displayed overlapping, or it
should be desirable to be able to align labels on a tier in
conjunction with labels on other tiers.

Table 2: Rates of modified label number to the whole
label number(R M ) and values of average times(seconds)
required to an operation(AT") for each kind of labels for
transfer on the tone tier and change on the BI tier.

Label (tier) RM | AT
%L (tone) | 15.2% | 16
%wL  (tone) | 16.6% | 13
L% (tone) | 14.2% | 15
wL% (tone) | 11.0% | 14
H- (tone) | 38.0% 9
H*+L (tone) | 87.9% | 15
1 (BD) | 13.4% | 55
(BI) | 142% | 52
(BD 8.0% | 40
(BD) 3.7% | 32
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5. Conclusions

The proposed method of generating J-ToBI labels auto-
matically by utilizing linguistic information was evalu-
ated through the experiments using the system. It was
proved that time required to do the labeling work would
be reduced to nearly half by using the initial labels gen-
erated by the proposed method. The results of subjec-
tive evaluation also verified the validity of the proposed
method to support the labeling work. From now on, the
system should be improved to provide labelers with more
abundant support information. By analysis of the opera-
tion records for each labeler, how to support individual la-
beler considering his/her own habits or preferences would
be studied.
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