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This paper presents the studies related to multimodal interaction systems. It also describes
our new direction intheresearch, ‘Intermodal Learning’. The prototype system has four modes.
vision, graphical display, speech recognition, and speech synthesis sub-systems, and an
interaction manager. We demonstrated that it can learn user’ sface and name and the appearance
and names of objects. A speech recognition technique to estimate phonetic transcriptions from
multiple speech samples was used to learn new words. Thisis similar to a baby learning about
the real world by communicating with its parents.

8 1 Introduction

To achieve communication between humans and
machines through the integration of spoken language
and visual information, it is important to learn how
machines use media to interact with humans. Thisis
similar to a baby learning about the real world by
communicating with its parents.

Thework presented here aims at a system which will
be able to see, hear, talk, and act. This system will
observe human behavior and the environment with a
vision module. It hears spoken language with a speech-
recognition module, and responds by using a speech-
synthesis module. The system generates facial
expressions and hand gestures (postures) with an image-
synthesis (computer-graphic) module. The integration
of these modules will enable the system to interact with
humans smoothly and naturally.

Many works on multimodal interaction have been
reported*®'®?¥  Research on multimodal interaction
systems can be classified into three categories:

- information integration,
- non-verbal communication,

- interactivity.

These three categories are related, to each other but
most work done has treated them individually, not as
an integrated unit.

There are severa advantages to using the multimodal
interaction system which these works havetried to bring
about. They are:

a) Information integration will enhance the existing
functions of communication. For example, the
integrating speech recognition with sensors and
pointing devices will ease the task of speech
recognition by limiting the vocabulary required for
cases specified by pointing. And the integration of
visual recognition of lip movements with speech
recognition will improve the recognition accuracy
in anoisy environment®,

b) Recognition and synthesis of gestures (hand
postures) and facial expressionswill provideanatura
and familiar interface for humans. Information that
is difficult to convey by using the written word can
be more easily communicated using other modes.
For example, non-verbal information can be
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expressed by facial expressions generated by
computer graphics.

c¢) Smoath interactions can be realized by a new way
of communicating, that controls temporal (time
domain) aspectsin asophisticated way. Maintenance
of theinteractions will be more natural if the control
of speakinginturns, suchas‘chimingin’, interruption,
and natural recovery, can be done automatically.

d) Theintegration of multiple sources of information
will create a new function that cannot be realized by
any other method. For example, integration of facia
identification and speech synthesis enables a state
of interactivity where the system initiates the
interaction by speaking talking first. Another
example is that the integration of the facial
identification capability of the vision module and the
spoken dialogue (speech recognition and speech
synthesis) system enables the transfer of messages
from one person to the system and then from the
system to the other person®.

These multiple modes can be integrated either
complementarily or independently, and the integration
of inputs and outputs is important.

Although the advantages cited above are widely
accepted, their reality is still far beyond the state of
current technology. For non-verbal information, it
remains unknown even what type can be used to create
an interaction between humans and machinesin areal-
world application.

This paper summarizes our efforts to develop a
multimodal interaction system, explain our new
research, and describes our prototype system.

§ 2 Studieson Multimodal Interaction System

Research on multimodal interaction systems is
interdisciplinary in nature. It isrelated to various fields
of study, such as speech recognition, speech synthesis,
compute vision, computer graphics, natural language,
mathematical theory, and cognitive science.

In our research we have attempted to clarify the
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problems in a multimodal interaction system by
collecting data on speech and images during the
interaction of humans and machines by performing
statistical analysis of facial images, and by developing
aprototype multimodal interaction system™®4.

First, we collected the non-verbal elements of
interaction (facial expressions, prosody of speech, etc.)
using Wizard-of-Oz (WOZ) simulation. The subjects
were asked to speak into a spoken-dialogue system to
collect data on the speech, facial expressions and
gestures used during interactions between the subjects
and the system™.

The WOZ technique is onein which a person (called
the wizard) plays the role of the system in a simulated
subject/agent interaction®. Our WOZ experiment was
designed to collect data to allow an analysis of the
elements that enable interaction between humans and
machines (Fig.1). In particular, we designed the
experiment to collect the datathat identify the non-verbal
aspects of an interaction. Analyzing the collected data,
we identified various phenomena related to human
behavior and the system’ s responses.

Figurel shows the experimental setup. The subject’s
room is separated from the wizard's (person playing
role of system), to hide the wizard from the subject.
The wizard listens to the subject with the speaker (a)
and observe them on the display (c) through the
microphone (g) and the video camera (d). The wizard
runs the program of spoken dialogue through a

Wizard

Subject

Fig.1 Experimental setup of WOZ system
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workstation (b), and the system’ s responses are output
through speaker (e) in the subject’s room. The
workstation (f) is used only to display the taskbeing
performed.

After performing the WOZ simulation, we did a
statistical analysis of the facial images collected. By
clustering the data on the locations of positions marked
for the different facial expressions, some interesting
features were found to correspond to characteristic
expressions and facial movements during the
simulation”.

Next, we developed a prototype multimodal
interaction system incorporating four modes**®. The
purpose of the prototype development was to identify
the actual problems, and advantages and disadvantages
of amultimodal interaction system.

The four modes of our prototype system are speech
recognition, speech synthesis, computer vision, and a
visual agent generated by computer graphics. These
modes are integrated into one system that nominally
replicates the functions of the human eyes, ears, mouith,
face, and upper body.

This prototype shows how an *‘active’ agent can be
created by the integration of multiple modes. Our
prototype displays a moving human-like agent with
realistic facial expressions to promote smooth
interaction with users. The agent can identify the user
on sight and interact in spoken language. The agent can
initiate spoken interaction by talking to the user first.
The agent can respond differently to individual users.
These different responses are made through the
integration of image and speech recognition/synthesis
technologies.

Next, we developed a language called MILES
(Multimodal Interaction LEading Script) which can
expresstime relations between events and communicative
elementsin dialogues”. We al so devel oped ahuman-like
software robot which interactively learns and mangaes
visual information in real workd'. And a gesture
recognition was developed which usesHLAC (Higher
order Local Auto-Correlation) features of PARCOR
(PARtial auto-CORrelation coefficient) images and

HMM (hidden Markov Model) based reconizer ™.
§ 3 Intermodal Learning

From our experience in pilot studies on multimodal
interaction systems, we are convinced that ‘learning by
integration’ will become the key focus of the new
direction research will take.
Problemsto be solved can be summarized asfollows:
- How can we reduce cost in designing interactions that
are necessary to accomplish a given task ?

- How can we define non-verbal elements for smooth
interactions and specify them in detail ?

- How can we describe the rel ationship between Situations
and their contentsin the flow of interactions ?

‘Learning’ will be a general solution to solve these
problems. Interactive learning about superficial pattern
processing will be the main target. In this learning,
multiple sources of information (multiple media and
modes) are given to the system and the patterns are
reciprocally used for supervision.

We cdll this ' Intermodal Learning’, in the sense that
the learning about the usage of mediais done through
interaction with humans by multiple-mode integration.
Under this framework, we have studied the learning of
auser’ s name and face, and the appearance and names
of objects”. We have also studied the learning of the
attributes of colored objects using the Expectation
Maximization (EM) algorithm?™.

The prototype system presented here learns the
relationships between the user’s name and face, and
between the appearance and name of objects. First, a
user shows a sequence of imagesto the system and tells
the system his or her name. The system learns the
relationship. Then, when a sequence of imagesis shown
to the system and the name is asked, the system replies
the name by using a speech synthesizer.

Thistype of learning is useful for the cases where it
is difficult to define categories in advance, or those
where variations in the linguistic expression are large
and unpredictable. By utilizing the actual utterances,
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explicit definition of categoriesand linguistic expression
are not needed. This processis aso simple and easy to
apply.

The speech recognition method used hereisto acquire
phonetic transcription automatically from speech
samples™* to learn new words through interactions
with images and spoken language. The target of the
learning is the vocabulary and its usage about images.
The method uses information from multiple speech
samples that have the same transcription in common™.
It first estimates multiple (N-best) candidates of phonetic
transcriptions for each speech sample using a phonetic
typewriter that can recognize any combination of
phonetic sequences in Japanese. Then, it re-estimates a
transcription of the word from those candidates.

The estimated phonetic transcription is used for
speech synthesis and for further interactions. Animage
frameis cut from atime sequence of the images during
the interactions. A standard pattern for the object (or
face) is defined using these images.

Recognition Results

Interaction
e Manager

8§ 4 Overview

This paper presents a prototype multimodal
interaction system developed at the Electrotechnical
Laboratory. The prototype system has four sub-systems
(modules): speech recognition, speech synthesis,
computer vision, and a visual agent generated by
computer graphics. These areintegrated into one system
which nominally replicates the functions of the human
eyes, ears, mouth, face and upper body.

This system consists of four sub-systems (modules)
and an interaction manager (Fig.2).

(1) Vision sub-system

The vision sub-system uses the higher order local
auto-correlation features (Fig.3) of the input variable
density image (90x 60 pixels). A learning mechanism
based on linear discriminant analysis or multiple
regression analysis is used to identify the user'®. By
using thismethod, invariant recognition is possible with
respect to the position of the facial image within the

Active Responses

lslle):zzgrllition Vision
Subsystem Subsystem

Graphical Speech
Display Synthesis
Subsystem Subsystem

window

'window

Conventional
GUI

/
/©
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@ironment
h

S

Agent Window
Interaction

Fig.2 Configuration of the prototype multimodal system
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Fig.3 Higher-order autocorrelation features

screen. A time sequence of images is cut during the
interactions. A standard pattern for the object (or face)

is defined using these images.

(2) Graphical display sub-system

In thefirst version of our facial display sub-system,
the face of the agent was generated by computer graphics
(CG). The face was composed of approximately 500
polygons and was modeled three-dimensionally. The

appearance of the face was rendered by using the texture

mapping technique. The eyebrows, eyeballs, eyelids,
mouth and head orientation of the facial model were
movable. The system was designed to control the agent’s

eyes so as to maintain contact with the user during the

interaction.

Our latest version of the sub-system shows awaist-
up view (a head, two hands and an upper body. The
faceis composed of 1700 polygons, and the other body
parts are composed of 3000 polygons. The agent now
has hand gestures (postures) in addition to its facial
expressions. Figure 4 shows the wireframe models of

the agent.

(3) Speech recognition sub-system

In the speech recognition sub-system, a block

consisting of acollection of 40 frames (frame period is

10 ms) is used to cut out the speech. Each sequence of

continuous blocks is assumed to be one utterance and is

Fig.4 Wireframe models of the CG agent
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Fig.5 Search space of speech recognition

recognized as continuous speech. Figure 5 shows the
search space of speech recognition in which hypotheses
at different levelsare linked. The N-best hypotheses are
maintained in this tree-structured search method. The
result of continuous speech recognition is converted into
a specified task command and sent to an interaction
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manager. The speech recognition method acquires
phonetic transcription automatically from speech
samples. It first estimates multiple (N-best) candidates
of phonetic transcriptions for each speech sample using
a phonetic typewriter.

(4) Speech synthesis sub-system

In the speech synthesis sub-system, a commercial
synthesizer is used. The speech synthesizer uses
softwareto convert aKana/Kanji text sentence produced
by the interaction manager into a readable format to
which accent information and so on is added. Next, the
readable format is transmitted to the synthesizer.

(5) Interaction manager

The whole system is controlled by an interaction
manager. The interaction manager receives messages
(recognition results) from both the vision and speech
recognition sub-systems. To obtain a high level of
accuracy, it examinesthe order of the received messages
and discards inadequate ones by following the state of
the dialogue. It then analyzes the messages received and
generates commands to control the display and speech
synthesis sub-systems.

§ 5 Sample Scenario

Figur e 6 shows our prototype multimodal interaction
system. Sample scenarios to learn the name of a person
and an object isasfollows. The original dialogueisin
Japanese.

(User-1 sitsin front of camera and looks at monitor.
Thevisual agent initiates a conversation whileit learns
user’sface.)

Hello.
May | ask your name ?

System :
System :
System : Please repeat it three times.
User-1 : Hasegawa, Hasegawa, Hasegawa.
System : Thank you, ‘Hasegawa -san.

(User-1 shows a bear doll to the system. The system
looks at the doll and learns a sequence of itsimages.)

System : ‘Hasegawa -san, what’ sthat ?
System : Please repeat it three times.
User-1 : Bear, bear, bear.

System : | understand.

Fig.6 Interactions with the protoype multimodal system
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(User-2 shows the doll to the system and asks its
name.)

User-2 : What'sthis ?
System : It's * Hasegawa -san’'s ‘Bear’.

Note that during a period of spoken language
interactions the system learns about images and
associates acquired phonetic transcriptions with the
images. Then the system responds using the acquired
transcription (‘Hasegawa') in speech synthesiswhen it
sees his face. The system also responds using the
acquired transcription when it seesimages of an object
and is asked its name.

Thisframework is different from the usual onewhere
the vocabulary is defined apriori. The system will learn
any new words as long as the user shows the images
and tells their names to the system.

This type of learning is flexible in selection of
vocabulary for spoken language interactions. For
example, auser may call theobject a‘doll’, a‘bear’, ‘a
bear doll’, etc., but the system can use the actual
utterances to determine the words (phonetic
transcriptions) through interactions.

8§ 6 Conclusion

This paper presents the studies related to multimodal
interaction systems. It aso describes our new direction
in the research, ‘Intermodal Learning’. The prototype
system has four modes: vision, graphical display, speech
recognition, and speech synthesis sub-systems, and an
interaction manager.

We demonstrated that it can learn user’s face and
name and the appearance and names of objects. A speech
recognition technique to estimate phonetic transcriptions
from multiple speech sampleswas used to learn new words.
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