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ABSTRACT

In this article we report the design principle and
the outline of our spoken dialogue translation sys-
tem from Japanese into Korean. Compared with ex-
isting speech translation systems, our prototype sys-
tem has two major features: 1) Semi-realtime system
based on a compact hardware configuration, and 2)
Improving dialogue speech recognition rate using a
light-weight discourse monitor. Additionally we im-
plemented a user-friendly interface, considering the
hotel reservation task environment. The experimen-
tal results with evaluation suggested us the feasibility
of the system for limited task domains. Based on this
experiences, crucial issues for interpreting communi-
cations technique will be discussed.

1. INTRODUCTION

This project was motivated with a concept of real-
1zing a prototype of a semi-realtime interpreting sys-
tem for a limited task domain (hotel reservation).
The response time is very crucial for effective commu-
nication through interpreting dialogue between peo-
ple in different languages. Of course, the performance
of the system should be of high-level both in speech
recognition accuracy and quality of translation. We
also intended to implement such a system using min-
imum computing resources.

The next step we need is to investigate whether
a limited capacity of automatic interpreting system
could be applicable for certain actual task, or what
kind of factors might be considered for interpret-
ing communications. For this purpose, a high-speed,
compact and real-working speech translation system
should be realized as a test bed for evaluating usabil-
ity of the system and improving the human interface.
Based on the above consideration, our Japanese-
Korean speech translation system has been developed
since September 1993, in a joint work with Korea
Telecom (KT) and Electronics and Telecommunica-
tions Research Institute (ETRI) in Korea.

In the following sections, our basic strategy of sys-
tem design, the synopsis of the components and the
experimental results are described. Afterwards, we
discuss related issues and our future directions.
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2. TASK AND SYSTEM DESIGN
2.1 Task Domain

QOur current task domain is “Hotel Reservation”
(hereafter, HR task). The dialogue participants are
a client and a hotel clerk. As well as in the other
systems, the style of input sentence should be gram-
matical and clear. On the other hand, certain cov-
erage is requested from the viewpoint of a flexible
speech interface. So we prepared sufficient examples
of the vocabulary and expressions that are usually
used. In our case, we need about 800 CFG rules
(static branching factor is about 17) for the mini-
mum HR task. The task is cooperative and basically
asymimetrical between the two speakers.

2.2 Speech Recognition

An important point is how to implement an effec-
tive speech recognition for spoken dialogue transla-
tion systems. We adopted a high-speed speaker in-
dependent continuous speech recognition system (de-
veloped in our research group) as our basic platform.
The specifications are described in the next section.

2.3 Discourse Monitor

Based on this platform, we integrated a light-
weight discourse monitor which reduces the number
of rules to be applied, considering discourse infor-
mation given as Speaker’s role/Utterance type/Topic
of each utterance. Using this discourse monitor, we
achieved a higher performance of dialogue speech
recognition. The mechanism is described later.

2.4 Dialogue Translation

Another important issue is to provide a robust and
high speed dialogue translation module. For this
purpose, we developed a variable word unit trans-
fer program. As is well known, Japanese and Korean
languages are similar in grammatical features. Kim
[1] proposed a morphology based transfer scheme
for text translation. We enhanced this to achieve
more natural dialogue translation, with using flexible
translation units. This also reduces the computation
cost.
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2.5 User Interface

Even if a certain high-level of performance is
achieved, 1t does not mean that the system can be
applicable for actual tasks. The human interface of a
dialogue system is very important as well as funda-
mental features. We have tried to lighten the burden
on a user who actually speaks at the system.

3. SYSTEM CONFIGURATION AND
IMPLEMENTATION

The outline of the system configuration is shown
in Figure 1. As mentioned before, the hardware re-
source is a single SPARC-20 workstation with 4 DSP
chips for acoustic analysis as recognition preprocess-
ing. !

Input with DSP
Microphond
——p»| Pre-Processing Sparc station
Speech
Recognition pmet J-K
7 Translation 7?
I =
Discourse Monitor 2 2
User Interface g=
Synthetic ! g
Speech Japanese “
~ Speech Synthesis |-——

Figure 1: System Configuration

3.1 Speech Recognition

Phoneme-balanced sentences uttered by 80 speak-
ers were used for learning our speaker-independent
discrete type HMMs. The read corpus is general
and completely independent from our task domain.
The recognition method is based on one-pass N-best
search algorithm, with frame-synchronous HMM ver-
ification [2].

3.2 Discourse Monitor

For the purpose of providing discourse constraints
for both speech recognition and dialogue transla-
tion, we implemented a light-weight discourse moni-
tor which is easy to deal with. The monitor observes
the dialogue status detected as a combination of pa-
rameters: Speaker’s Role(Hotel/Client), Utterance
Type(15 sorts of general communicative act type) [3]

! We assume that another K-J speech translation system for
the reverse direction is connected for bilingual interpretation.
In this article, the speech synthesis module is not described.
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and Topic Class(5 kinds, task-dependent). The infor-
mation for the latter two parameters is known from
the used recognition grammar rules. 2

This means that the CFG style grammar itself is
organized to reflect a classification from the above

viewpoint of dialogue parameters. For simplification,

we labeled each rule with a header indicating its dis-
course related features (if it has such features). Also,
a matrix table for transition of dialogue states was
prepared. It provides knowledge about the possibility
of the next dialogue status. This enables us to reduce
the number of applicable rules for speech recognition
and to achieve a higher accuracy.

3.3 Japanese-Korean Translation

The basic method is a word level transfer using
a Japanese-Korean translation dictionary, which is
described as a regulated table containing a source
(Japanese) expression, syntactic/semantic category,
selective condition, target (Korean) expression and so
on. A selective condition consists of adjacent wordt
syn/sem and functional features.

The dictionary entries correspond to Japanese
morphological units (flexible in case of collocations)
and the target Korean expressions also contain mor-
phological information. Thus, the final translated
text is generated without any additional phase for
morphological synthesis. This robust and powerful
method can be easily extended to for the reverse
K-J translation. Furthermore, the processing units
of translation are synchronous with those of speech
recognition, and it guarantees maintenance of the lin-
guistic resources of the system.

3.4 User Interface

The basic interface of our system is to display
several top recognition candidates for user’s selec-
tion (and invoking translation) with mouse clicking.
Though a user was requested a few more mouse clicks
for starting utterance and sending a turn signal, we
reduced the click times into only once (selecting a
candidate) in a turn, giving an input-ready sign and
sending a turn automatically. This treatment was
considered with human factors of dialogue systems.

Additionally, we have introduced a display of the
reservation items (dates, room type/grade and name)
and a calendar which is switched according to the
mentioned (recognized) date, as an attempt of task-
dependent visual interface. Using the above reser-
vation items, the confirmation procedure can be
smoothly performed. Furthermore, from the view-
point of multimodal dialogue interface, we equipped
a video display sub-window on the monitor screen to
see the partner’s face.

2Tt can be also detected from the translated J apanese text
with surface pattern matching.
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4. EXPERIMENTAL RESULTS

Though space precludes a description of processing
detail, we observed that high speed reasonable speech
recognition and J-K translation were performed with
minimum resources.

4.1 Preliminary Experiments and Example

4.1.1 Speech Recognition

Table 1 shows a comparison of recognition rates
with and without Speakers’ role information ( a part
of discourse information). Each speaker read 52 sam-
ple sentences, not in a dialogue environment. The
result implied that various types of discourse param-
eters would yield much higher performance.

Table 1: Preliminary Evaluation Result for Speech
Recognition

(average of 8 speakers)
Constraint Top 1 Within Top 5
Whole Grammar 69% 75%
Considering Role | 77 ~ 82% 86 ~ 90%

4.1.2 Japanese-Korean Translation

A preliminary subjective evaluation was performed
on the translation result of 45 sample independent
sentences as follows. Three measure were considered:
intelligibility, grammaticality and naturalness, which
were scored by 3 grades (1=perfect, 2=slightly de-
fective, 3=poor). The result of Table 2suggests that
most translations are acceptable, but it might be dif-
ficult to pursue naturalness.

Table 2:  Prelimmary Evaluation Rersult for
Japanese-Korean Translation

Measure gradel | grade2 | graded | Total
Intelligibility 45 0 0
Grammaticality 45 0 0 45
Naturalness 39 6 0

A few examples of input Japanese and output Ko-
rean sentences are shown as follows.

J-input: FEZTFHILICWOTE I,
(I would like to reserve a raom.)
K-output: w2 ojofstu 424 Q.

J-input: VW OBIHE DDITTFETL £ 9D,
{lhen are you going to stau?)
K-output: olx  &urstdl oA Q)77
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4.2 Integrated Systems Connection between
Japan and Korea

This experiments took place through May 11, 12,
15 and 16 between Seoul and Tokyo. The Korean-
Japanese speech translation systems (developed by
Korea Telecom and ETRI respectively according to
their speaker’s role) and our Japanese-Korean speech
translation system were connected with an interna-
tional leased line. Through this line, only a set of
text information (turn taking signal, recognition re-
sult and translated result) was mutually exchanged.
It means that the translated text was synthesized at
the target language site.

Besides, the interpreted dialogues were performed
using a TV conference system which transmitted the
audio-visual information through an ISDN line. Such
a integrated system configuration may be similar to
that of CSTAR joint experiments [4]. However, the
processing time was drastically improved and more
user-friendly interface design was realized.

Though this integrated system connection was
rather prepared for a public demonstration (on the
final day), the experience was regarded as a first step
of the feasibility of an automatic interpreting system.
For the reference, we note here the success rate and
the time duration in a turn ? at our site in several
recorded dialogues, as shown in the Table 3.

Table 3: Performance in the joint experiments

Japanese first utterance’s { mean duration
speakers’ role success rate of one turn
Client 98% 6.0sec.
Hotel 95% 8.1sec.

4.3 Comprehensive System Evaluation

For the purpose of evaluating our system’s perfor-
mance in an interpreted dialogue environment, we
implemented a simple quasi Korean-Japanese speech
translation system which emulates the reverse di-
rection processing to our J-K system. Using those
two (real and simulated) systems, we evaluated the
comprehensive performance of our Japanese-Korean
speech translation. So far, the success rate for HR
task has been measured by the recognition rate and
the time duration spent for a dialogue.

The simulated K-J system is operated by a hu-
man experimenter and it enables to select a pair of
Korean and Japanese sentences. A quasi-input sen-
tence is synthesized by a Korean text-to-speech soft-
ware ® | and a quasi output (translated Japanese) is
transmitted with its quasi input to the real J-K sys-
tem and also synthesized to be heard by the subject.

It means the duration from the input-ready indication till
the sending the translated text to the other site.
2This was developed by one of our research partners.
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This setting is almost similar to an actual interpreted
communication experiments performed between Ko-
rea and Japan.

8 novice subjects (different from those for the pre-
liminary test) were asked to play a role of clients who
are going to make a reservation. The procedure of the
experiment was as follows.

(1)Explanation about the system was given by an
edited video tape containing the above Korea-Japan
bidirectional connection.

(2)Instructions through a demonstration (one reser-
vation dialogue). These two kinds of explanation was
completed within 10 minutes.

(3)Experiment 1C and 1H. This is a role play by
the subject, reading a prepared whole scenario, 1C
as a client and 1H as a hotel clerk.

(4)Experiment 2A and 2B. In this case, a sub-
ject was requested to make an own reservation memo
(containing dates, room type and grade, ...) in ad-
vance (2A), and then performed a role play as a client
without looking any other text. Next, he/she was
given another memo including a different setting (ex-
cept name) to perform one more dialogue (2B).

The following Table 4 shows that the subjects per-
formed well at the speech translation system, though
they were at the first time to speak in such a novice
environment. Roughly speaking, the mean duration
in a turn (about Gsec.) consists of 2sec. speech in-
put, 2sec. processing delay and 2 sec. user’s response
time. The content of the performed dialogues was
basic and simple (no negotiation between clients and
the hotel), and we still have to continue experiments
under different situations.

Table 4: Comprehensive Evaluation Result
(average of 8 subjects)

Success rate measure 1C 2A 2B
first utterance’s
sucess rate
actual /minimum
number of utternaces
top candidate ratio
in successful trials

mean duration of
one turn 6.4sec. | 6.1sec. | H5.9sec.

97% 94% 94%

1.03 1.13 1.09

89% 94% 87%

5. DISCUSSION

Currently we describe the possibility of dialogue
status transition as knowledge based on the theory
of communicative act types for dialogue (e.g. [3]).
Such knowledge can be stochastically obtained from
a dialogue corpus labeled with utterance types and
a possibility of predicting next utterance was shown
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in a simulation [5]. We believe that our method is
efficient in eliminating irrelevant candidates at the
recognition stage. Moreover, our framework is incor-
porating discourse-sensitive information into a def-
inite CFG notation. Thus, it is transparent to deal
with and extensible, compared with those approaches
of post-filtering with deeper knowledge after recogni-
tion (e.g. [6]), or of finite state networks with limi-
tation. Our next problem is how to deal with other
various discourse parameters as the constraints for
the speech recognition.

Besides improving the basic performance level of
our speech recognition and translation modules, an-
other important issue is the user interface design.
In our limited experiences, we are investigating vari-
ous factors like as user’s response time (related with
learning), to realize a practical user interface. From
this viewpoint, for example, direct speech input for
dates and person’s names (major sources of recogni-
tion errors in the HR task) may be improved with the
help of multimodal techniques, if the first recognition
failed. In that case, we have to carefully examine the
usability of mixed input modalities.

6. CONCLUSIONS

We reported a prototype of a realtime Japanese-
Korean speech translation system using minimum
computing resources. We recognized the feasibility
of a-light-weight discourse monitor for the purpose of
improving speech recognition accuracy and reducing
computation cost.

Our compact system can be used for further exper-
imental study on speech translation and such inves-
tigation should be continued and enhanced in order
to achieve an advanced system design and user in-
terface. In fact, we are accumulating various sorts
of remarks through the analysis of the current ex-
perimental results, and are going to find solutions
towards realizing a practical interpreting system.
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