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ABSTRACT

We have built a multimodal-input multimedia-output guid-
ance system called MMGS. The input of a user can be
a combination of speech and hand-written gestures. The
system, on the other hand, outputs a response that com-
bines speech, three-dimensional graphics, and/or other in-
formation. This system can interact cooperatively with the
user by resolving ellipses/anaphora and various ambiguities
such as those caused by speech recognition errors. It is
currently implemented on a SGI workstation and achieves
nearly real-time processing.

1. INTRODUCTION

We have built a multimodal-input multimedia-
output guidance system called MMGS. The in-
put of a user can be a combination of speech and
hand-written gestures. The system, on the other
hand, outputs a response that combines speech,
three-dimensional graphics, and/or other informa-
tion. This system can interact cooperatively with
the user by resolving ellipses/anaphora and var-
ious ambiguities such as those caused by speech
recognition errors. It is currently implemented on
a SGI workstation and achieves nearly real-time
processing.
Recently, there have been many projects aimed

toward intelligent multimodal systems [1], and
great progress has been made in multimedia pre-
sentation systems [2]. However, much more e�ort
is required to develop useful systems that exploit
speech recognizers. Our research concentrates on
speech recognition techniques for interactive sys-
tems.
From the viewpoint of accurate speech recogni-

tion in a multimodal environment, studies have
already been made on the integration of speech
recognition and speech reading [3, 4]. Our research
focuses on the integration of speech recognition
and language processing.
From the viewpoint of multimodal interaction

systems using speech recognition, there have also
been studies on dialogue systems with facial dis-

plays [5, 6]. We prefer three-dimensional graphic
outputs because we assume that users would feel
familiar with three-dimensional graphics. Such
graphic information may lead to interesting sit-
uations.
Section 2 gives an overview of the system. Sec-

tion 3 describes two key features. One is a
technique to integrate speech recognition, hand-
written gesture recognition and language process-
ing. The other is for resolving ellipses/anaphora
and ambiguities such as those caused by speech
recognition errors. Section 4 gives preliminary sys-
tem evaluation. In Section 5 we o�er discussion
and describe future works. Section 6 gives our
conclusion.

2. SYSTEM OVERVIEW

Figure 1 shows a sample display of our system.
Its current implementation guides visitors around
facilities in the Hikaridai area of Kansai Science
City and o�ers sight-seeing guidance around Nara
City.
Figure 2 shows the system con�guration. The

system consists of a speech recognition sub-
system, a hand-written gesture recognition sub-
system, a semantic analysis sub-system, a problem
solving sub-system, an object database, a graph-
ics output sub-system, and a speech synthesis sub-
system. The problem solving sub-system has four
major functions: ellipses/anaphora resolution, ob-
ject search, graphics operation and response gen-
eration.

3. KEY FEATURES

3.1. Integrated processing of speech and language

We have prepared a Japanese grammar for both
speech recognition and semantic analysis. This
grammar consists of CFG rules and annotations
based on feature structures.
The speech recognition sub-system adapts an

HMM-LR speech recognition method and uses



Figure 1. Sample display of system
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Figure 2. System con�guration

only CFG rules and the bigrams of preterminal
symbols as a language model [7, 8]. Accordingly,
this sub-system outputs sequences of CFG rules.
The semantic analysis sub-system can generate se-
mantic structures from the sequences of CFG rules
and corresponding annotations based on feature
structures by uni�cation processing.

Users can point to facilities (objects) in three-
dimensional graphic responses through hand-
written gestures for questions like \Kore wa nan

desu ka?" which means \What is this?" The
hand-written gesture recognition sub-system sup-
ports pointing and circling gestures [9] and can
recognize such gestures and corresponding facili-
ties (objects). The semantic analysis sub-system
obtains the information and is able to generate
semantic structures. This semantic analysis sub-
system is based on the semantic analysis module
in our previous speech-to-speech translation sys-
tem ASURA [10].

Figure 3 shows a part of our object database.
It is necessary for such question and answer sys-
tems to provide information on objects. In our
database, objects are de�ned in a hierarchical
structure of classes and instances. White ovals
in Fig. 3 indicate class de�nitions. These have
properties of names, addresses, accesses and so
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Figure 3. Part of object database

on. Gray ovals in the �gure indicate instance
de�nitions. These can be shown in the three-
dimensional graphic display and have properties
of coordinates, shapes, texture, and so on.

3.2. Resolving ellipses/anaphora and ambiguities

The problem solving sub-system refers to the ob-
ject database and outputs responses with three-
dimensional graphics, synthesized speech, texts,
and/or pictures. The three-dimensional graphics
and synthesized speech are synchronized as fol-
lows:� �
User input: \Kore wa nan desu ka?" (What is this?)
System output: \Kore wa ATR desu." (This is
ATR.)
[The ATR building is blinking in the display during
this output.]

� �
In addition, ellipses/anaphora resolution is

achieved as follows:� �
User input: \ATR ni kissaten wa ari masu ka?" (Is
there a co�ee shop in the ATR building?)
System output: \Hai, ATR niwa Cafeteria ga ari
masu." (Yes, there is a Cafeteria in the ATR building.)
User input: \Keihanna Plaza niwa nai n desu ka?"
(How about at Keihannna Plaza?)
System output: \Keihanna Plaza niwa Rhine to iu
kissaten ga ari masu." (There is a co�ee shop Rhine
in the Keihanna Plaza.)

� �
The user's second input does not have any words

Table 1. Results of preliminary system evaluation
experiments

Number Average
Response Time [s]

Total Utterances 447 3.7
Speech Detection Error 44 4.1
due to Noise
Target Utterances 403 3.6
Succeed Utterances 273 3.6
Fail Utterances 130 3.7

to directly indicate a co�ee shop. A problem-
solving sub-system can resolve such ellipses by re-
ferring to a user's previous input.
We assume that this function can deal with not

only the above examples but also with ambiguities
such as those caused by speech recognition and/or
hand-written gesture recognition errors.� �
User input: \Koko ni ..." (This/Here ...) [The \..."
means some kind of speech detection error.]
System output: \Sore wa Keihanna Plaza desu ga,
dono you na go youken de shou ka?" (This is the Kei-
hanna Plaza building. How may I help you?)

� �

4. PRELIMINARY SYSTEM EVALUATION

We have conducted a preliminary system evalu-
ation with the task of sight-seeing guidance around
Nara City. Sample conversations and instruc-
tions for microphone and mouse operations were
given to the subjects before the preliminary evalu-
ation experiments. Table 1 summarizes the re-
sults of these experiments. The number of sub-
jects was eight. The accuracy rate was 67.7%
(273=403 � 100), and average response time was
3.6 seconds. Speech detection error due to noise
indicates that the system made some responses to
some noise because the microphone was always ac-
tive. The number of words in the dictionaries of
speech recognition and language analysis modules
is about 300.
A summary of users' impressions is as follows.

� Three-dimensional graphics are interesting.

� Not only three-dimensional graphics but also
two-dimensional maps or name plates for land-
marks may be necessary to understand the re-
lationship between a user's current position
and a landmark.

� Con�rmation questions were frequently asked.



5. DISCUSSION AND FUTURE WORKS

Three-dimensional graphics seem to be impressive
to users. However, users sometimes lose their cur-
rent position and/or relationship between the cur-
rent position and landmarks. We plan to intro-
duce two-dimensional maps and/or name plates
for landmarks in the three-dimensional graphics.
Con�rmation questions might frequently occur

in the current implementation. The last system
output in the following example is a kind of con-
�rmation question.� �
User input: \Nara-ken Shin Koukaidou wa dore desu
ka?" (Which is the Nara-ken New Public Hall?)
System output: \Nara-ken Shin Koukaidou wa
kochira desu." (This is Nara-ken New Public Hall.)
[The Nara-ken New Public Hall is blinking in the dis-
play during this output.]
User input: \Kintetsu Nara Eki kara aruite ike masu
ka?" (Can I go from Kintetsu Nara Station by walk-
ing?)
System output: \Kintetsu Nara Eki kara Nara-ken
Shin Koukaidou made desu ka?" (You mean from Kin-
tetsu Nara Station to Nara-ken New Public Hall, don't
you?)

� �
We are investigating several strategies of such

kinds of con�rmation questions. For example, the
system would avoid the need to output a con�rma-
tion question when ellipses/anaphora resolution
is completed by simply referring to the previous
users utterance. We plan to implement several
strategies in our system and examine users' level
of comfort according to the situations.
In the current implementation, a Japanese gram-

mar for both speech recognition and semantic
analysis must be prepared in the �rst step. The
speech recognition sub-system uses the CFG rules.
This integration technique is quite convenient for
designing and developing such kinds of systems.
However, the number of words and the type of
wording are limited. To achieve much more ro-
bust speech recognition, we plan to introduce a
word-spotting mechanism as well as the current
CFG-based approach.

6. CONCLUSIONS

This paper reported
a multimodal-input multimedia-output guidance
system called MMGS. The input of a user can
be a combination of speech and hand-written ges-
tures. The system, on the other hand, outputs a
response that combines speech, three-dimensional
graphics, and/or other information. This system

can interact cooperatively with the user by resolv-
ing ellipses/anaphora and various ambiguities such
as those caused by speech recognition errors. We
plan to conduct further system evaluation after
making modi�cations and revisions such as intro-
ducing word-spotting techniques.
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