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Abstract In this paper, we provide an overview of our research on
multimodal media and contents using embodied lifelike agents. In particu-
lar we describe our research centered on MPML (Multimodal Presentation
Markup Language). MPML allows people to write and produce multimodal
contents easily, and serves as a core for integrating various components and
functionalities important for multimodal media. To demonstrate the benefits
and usability of MPML in a variety of environments including animated Web,
3D VRML space, mobile phones, and the physical world with a humanoid
robot, several versions of MPML have been developed while keeping its ba-
sic format. Since emotional behavior of the agent is an important factor for
making agents lifelike and for being accepted by people as an attractive and
friendly human-computer interaction style, emotion-related functions have
been emphasized in MPML. In order to alleviate the workload of authoring
the contents, it is also required to endow the agents with a certain level of
autonomy. We show some of our approaches towards this end.

Keywords: Lifelike Agent, Multimodal Contents, Content Description Lan-
guage, Emotion, Affective Computing.

§1  Introduction

Embodied lifelike agents are emerging in multimodal interfaces and in
new multimodal media contents.®**~** """ They allow for a natural way of in-
formation presentation and interaction with humans through their multimodal
expressions, such as speech, body gestures and facial expressions in addition to
existing media components such as texts, graphics, images and video clips. They
act as friendly and intelligent guides, tutors, stewards, partners, etc. in complex
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information worlds. Embodiment of the agents provides effective means of imi-
tating human skills such as presenting information or engaging in a conversation.

Through leading researches and developments in the last decade, their
positive effect has been demonstrated and recognized, and some component
technologies have become available. As seen in compurer games, current media
rechnologies allow for the creation of attractive interactive multimedia contents
if professional creators devote their efforts and time. Currently, however, it is
rather cumbersome for ordinary people to produce attractive multimodal con-
tents with lifelike agents. Most of the systems so far have been constructed
as individual systems employing different ways of content description, character
systems, and so on.

There are the following findings regarding the cognitive effect and signifi-
cance of lifelike agents.

o Albert Mehrabian's study in the 1960s on the role and significance of non-
verbal communication.’” (He unveiled that nonverbal components convey
more than 50% of the information in our daily communication. )

o The idea of the so-called Media Equation, that is, “media=real life”, reported
in Byron Reeves and Clifford Nass™ book in the 1990s.°°" (Human beings
naturally tend to conceive an interacting media object as a “social actor”,
i.e. they apply social interaction protocols, rather than treating it as a
“lifeless” artifact.)

e The Persona Effect.* (A lifelike agent when integrated to, for example,
educational media contents has the effect of enhancing the engagement and
motivation of the interacting user.)

To let a lifelike agent become a truly friendly and intelligent partner in our
information space, further studies are required from several viewpoints. In this
paper, we will introduce our research and developments, which have been cen-
tered on a description language called MPML (Multimodal Presentation Markup
Language),'? ***" 717 4 language for creating multimodal contents with life-
like character agents.

The aim of MPML is twofold, that is, 1) to provide an easy-to-use tool
for non-expert users to produce and distribute attractive multimodal contents
with lifelike agents, and 2) to develop a technological core for integrating various
components and functionalities required for a multimodal system. Whilst mul-
timodal presentations (including some interactions) are one of the main target
applications, they tend to be monotone. As a consequence, presentations may
become boring when they last for a long time, say, more than 5 or 10 minutes.
Thus affective functions, especially emotion-related functions of lifelike agents,
are incorporated into our system to avoid such a monotonous presentation or
interaction, and to increase the agents’ lifelikeness and believability. MPML is
an XML-based language and not restricted to a particular character system.
Yet. in order to adapt MPML to various environments, such as Web contents,
a 3D environment, a mobile-phone environment, and the physical world with a
humanoid robot, several versions of MPML have been developed while keeping
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its basic style.

52 Qverview of MPML (Multimodal Presentation Markup Lan-
guage)

Facing the explosion of Web contents written in HTML (and recently
XML}, we have been considering that, in order to spread multimodal contents
in the information space, it is of key importance to provide many people with an
easy-to-use tool for authoring and producing contents. and to establish a stan-
dardized content description scheme for allowing wide distribution. Along this
direction, there have been some developments of description languages for mul-
timodal contents with character agents world-wide. Some of them, including our
MPML, are designed on the basis of XML (Extensible Markup Language), since
the adoption of XML is beneficial for use with Web browsers and in combina-
tion with available Web-related functions. Other languages besides our MPML
include VHML,?® CML/AML,> APML,"" RRL-NECA,*' BEAT," PAR,”
STEP.™® and so on. The differences among these languages are their description
levels, targeted users (professional creators or ordinary people), character agents
being supported for use, functions related to dialogue, intelligence and emotion,
and interaction with an environment other than the character agents themselves
(such as the background of a presentation).

Standardization is preferable, though its discussion has not been progress-
ing well. There are basically two different approaches towards standardization,
depending mainly on targeted users; one side emphasizes intricate functionali-
ties so that even professional creators can produce their contents satisfactorily,
whereas the other side emphasizes the ease and convenience of use for many
non-professional users, The choice of a character agent system often reflects the
adopted approach. The former approach allows for a low and fine level control
of the character agent, such as a parameterized description for body gesture, fa-
cial animation, speech, and so on. The latter approach usually provides a more
abstract level of control over the character agent. A typical character agent
system employed within the latter approach is the Microsoft Agent package®®
or similar ones, where the gesture behavior of the agent is selected from a set of
pre-defined patterns (normally 30-50 patterns). While the two approaches could
in principle be merged in the future, by incorporating the characteristics of the
other side, there are presently no concrete efforts in that direction.

VIPML. which advocates the latter approach, is a medium-level descrip-
tion language allowing ordinary people to write multimodal presentation con-
tents easily. It has been designed by considering the following requirements.

e Ease of use. Presentations featuring animated character agents should be
easy to write and not assume advanced programming skills, and should
thus be similar to writing Web contents with HTML.

o Intelligibility. The tags of the markup language should provide names and
abbreviations that clearly indicate their meaning {semantics).

e Extensibility. The markup language should support authors, if necessary,
in specifying new functionalities. The language should also allow for the
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possibility of future extensions, such as incorporating new tags.
e Easy distribution. The described content should be easy to install and play
on popular platforms.

Since MPML is an XML-based markup langnage, its description is in-
tuitive and easily understandable. Tags in MPAML are designed following the
conventions well known from HTML, so that they are easy to learn and remem-
ber. {When using the graphical editor for MPML. a user does not need to care
about the tag names or even the MPML description.) MPML is extensible be-
cause functions not supported by MPML can be described in JavaScript when
necessary, and added to the MPML description. Although the basic Web version
of MPML content can be played with the popular Internet Explorer {version 5.5
or higher) from Microsoft, there is a restriction regarding the use of the character
agent system. The use of the Microsoft Agent package®’ is assumed by default;
other character agent systems can be used with appropriate driver programs,
which translate MPML commands into the corresponding commands of each
individual agent system.

As the main target application area of MPML is (Web-based) multimodal
presentations, our language has incorporated a subset of SMIL®® for multime-
dia synchronization, and control functions of presentation materials {typically
HTML files) and interaction. In order to enable affective and attractive con-
tents while avoiding monotonous or flat agent presentations, MPML supports
the authoring of emotional behaviors of agents.

§3 Tags in MPML

In this section, we will briefly introduce the tags being used in MPML.
The top-most tag pair of MPML descriptions is <MPML> and </MPML>. Other
major tags can be classified into four categories at present: agent action tags,
presentation control tags. interaction tags, and emotion-related tags.

Agent action tags

The agent can perform several types of actions. A tag used to make the
agents act will be called action tag. The available action tags as defined in current
MPML are as follows.

Play: The agent can play an animation, such as “greet”, “congratulate”,
“acknowledge”, “decline” sconfused”, “alert”, “think”, “happy”, “surprised”,
“anger”, “point left”, “point right”, “look left”, and “look right”, among others.
These body and facial gestures effectively add meaning to the presentation.
When using this tag type, the author should know what the agent he/she is
using is capable of doing: actions undefined for a particular agent cannot be
used. The following example describes one tagging structure.

<PLAY agent="rocky" act="greet" />

Most agent characters including Microsoft agent characters will typically
have about 30-50 pre-defined actions, which fall under one of the following cat-
egories:
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e Locomotion: “moveup” (character performs a step), “moveleft”. “show”
(character appears), “hide” (character disappears). among others.

o Deictic gestures: “gestureright” (character points to the right by hand ges-
ture), “gestureleft”, and so on.

e Cestures realizing communicative functions: “acknowledge” (nod for giving
feedback), and so on.

o Propositional gestures: For example, the sequence of “thisthatfirst” (left-
hand stroke) and “thisthatsecond” (right-hand stroke) may represent a con-
trastive gesture corresponding a sentence ‘on the one hand ---on the other
hand’.

e Emotional gestures: “sad” (character displays sad face and hanging shoul-
ders). “pleased” (big smile), “anger” (character displays angry face and
stems hands on hips). “fear” (character lifts arms), among others.

For some agent characters, ‘idle” gestures are defined, such as looking left
or right, folding arms, and so on. These idle gestures will be randomly invoked
for periods where no specific actions are performed, as a way of increasing the
lifelikeness of the character agents.

Move: The agent moves on the screen to the destination spot.

<MOVE agent="rocky" spot="spot3" />

In this case, the value “spot3” of the spot argument is defined beforehand; oth-
erwise, a direct specification of the destination spot is possible using x and y
arguments instead, for instance, as {x="240" y="150"1. The “agent” specifi-
cation in the above tags can be omitted when it is obvious, for example, only
one agent is assigned to a scene (as will be described later).

Speak: The agent speaks one or several sentences through a TTS (text-
to-speech) system. The text to be spoken will, if necessary. be displayed in a
balloon appearing adjacent to the agent.

<SPEAK agent="rocky">
My name is Rocky. I am glad to meet you today.
</SPERK>

When the text in the <SPEAK> tag is modified by an <EMOTTON> tag (as described
later), its speech parameters are set accordingly to synthesize an affective voice.
Some actions can also co-occur with speech, or occur before or after speech,
when a strong emotion arises.

Think: Unlike “speak”, the agent does not speak aloud in this case. In-
stead, the text will appear in the balloon only. This is useful, for example, when
several agents would like to ‘say’ something at the same time. Indeed using the
<THINK> tag. several balloons can appear and only one agent will be speaking.
keeping the voice understandable, instead of having everyone speak at the same
time.

<THINK agent="rocky">
I hope Merlin will soon leave so that I can be alone.
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</THINK>

Listen and Heard: In order to accept speech input from a human user,
the tags below are provided. which are used as follows.

<L,I3TEN agent = "rocry'>
CHIARD value = "7 hit *">
</REARD>

<HEARD value = "* stand *">

</HEARD>
</LISTEN>

Here “%” indicates a wild card matching any word. The <LISTEN> tag lets the
agent enter into the listening mode. If a speech input text recognized by the
speech recognizer matches with a value specified in a <HEARD> tag. then the
actions described inside the <HEARD> tag are executed. A flexible description
scheme allowing for a wide range of matching types is provided for the value
attribute in the <HEARD> tag, though we cannot show all its details here. If no
match is found for a certain period of time, then the system closes the listening
mode and proceeds to the next step with indicating the unsuccessful closing of
the listening mode. While the <HEARD> tag typically assumes an input text from
a speech recogizer, it can be replaced by an input text obtained through an
input text box or selection buttons.

Presentation control tags

The presentation is organized like & theatre play with different scenes,
which is useful to separate a long presentation into several parts. Scenes are also
used as references denoting assembled pieces of presentations. In each scene,
pieces of presentations or agents’ actions can be performed sequentially or in

parallel.
Scene: This defines a scene with its background. Within the scope of this

tag, a set of presentation pieces is defined.

<SCENE id="introduction" agent="rocky">

</SCENE>

(The *id" argument here can be omitted if unnecessary.)
Seq: The tag <SEQ> is used to define a sequential presentation. Within

the start tag <SEQ> and the end tag </SEQ>. the order will be taken one after

another. We also indicate which agents will be used as part of this tag.
<SEQ agents="rocky, meriin">
</SEQ>

Par: This tag defines a part of the presentation where two or more threads
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of actions will be executed in parallel. Tt is impossible, however. to execute the
given order in parallel if two different orders are given for the same agent: only
one order may be executed at a time in this case.

<PAR agents="rocky, merlin">
</PAR>
The combination of <sE0> and <PAR> tags enables a synchronization function as
realized in SMIL, and allows for a complex scripting structure of the presentation.

Interaction tags

In an MPML presentation, there are usually two different components, i.e.,
the agents and the background. The agents are actors; they speak, move, make
gestures, and thus present. In addition, the background plays an important
role as supportive information for the presentation, as in the case of human
presentation.

In the basic Web-version of MPML, the background consists of a Web
page typically written in HTML. Background change is simply invoked by the
<PAGE> tag specified in the MPML script. The common way of a page change
by clicking an anchor of a Web link is also permitted in an MPML presentation;
in this way the user may have control over the flow of a presentation.

For MPML being not only easy to use but also a powerful language, a sim-
ple interface with JavaScript functions is provided. As aresult, if the background
contains a JavaScript script realizing some complex functions, it is possible to
integrate and synchronize the presentation with some event happening on the
Web page. We will give some examples of possible usages of an interactive
background below.

Page: This tag defines the background of the presentation. The page used
can be any Web page and it appears behind the agents.

Wait: The first possible type of interaction between an MPML script and
JavaScript is the <waIT> tag. It simply consults the value of the variable or
function included in the “target” attribute until it switches to a value different
from “0”. An example is as follows.

<PAGE id="pagel" ref="MPML_evaluation_emotion.html">
<WAIT target="Pressed" />
</PAGE>

(The “id” argument here can be omitted if unnecessary.)

Consult: This tag is the MPML equivalent of the well-known C “switch”
instruction. It consults the data or function given in the “target” attribute,
and then checks the <TEST> tags in order to select the one to be executed. The
<CONSULT> tag can either perform one test only. and then go on even if no match
is found, or wait until a match is found, depending on its “mode” attribute.

Test: This tag is to be used with the <CONSULT> tag as parent. It compares
the value of the “target” attribute contained in the <CONSULT> tag with the value
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of the “value” attribute of the <TE3T> tag, and executes the script included in
the <Tz57> tag if they are identical.

</CONSULT>

Execute: This tag executes a JavaScript instruction. It should be mainly
used to call a function in the background page of the presentation. TIts use.
however, is limited only by the need of the author.

<EXECUTE target="Alert( )" />

Txt: This tag is used to introduce variable content into the speech of the
agent. It permits some custornization of the dialogue, for example, to include
names or some answers of the user as shown below.

<SPEAK agent="rocky">
Welcome, <TXT target="user-name" />
</SPEAK>

Emotion, mood and personality tags

The presentation by lifelike agents has the risk of being monotonous or
flat. Endowing an agent with emotion is an important way for enhancing the
lifelikeness and believability of the agent. The display of agent emotions invokes
emotions of interacting human users, and thus brings an effect of enhancing
friendliness, motivation, entertainment, and so on.

Emotions are often named by words such as “happiness”, “sadness”, “sur-
prise”, “anger”, “disgust”, or “fear”. The categorization of emotions, however,
is not uniform, i.e., it is different from researcher to researcher, since there is
no generally agreed upon common ground. In the emotion model called “the
cognitive appraisal theory” or the “OCC model” after its three advocates that
appeared in the book published in 1088.¥ the most comprehensive emotion
theory consisting of twenty-two types of emotion is defined on the basis of a
systematic analysis. MPML basically supports emotional expressions based on
those twenty-two types of emotion; one reason of this choice is that the model is
also used in an artificial emotion module called SCREAM, to be described later.
Mainly for the purpose of sensing the user’s emotional states, a simple emotion
model based on the dimensions of valence and arousal®’ is also used in systems
using MPML.

The emotion of the agent can be directly specified using an <EMOTTON>
tag as follows.

<EMOTION assign="rocky: angry">
<SPEAK agent="rocky">

You stole my book, James'!
</SPEAK>
</EMOTION>
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or

<SPEAK agent="rocky">
<EMOTION assign="angry" />

You stole my book, James!
</SPEAK>

In the first case, the speak actions inside the <EMOTTON> tag are modified ac-
cording to the specified emotion. The speech parameters are set according to the
given emotion. Tablel illustrates a setting of speech parameters that is based
on Murray and Arnott.* Due to the limitation of the TTS engine, presently
only speech rate (speed), pitch average, pitch range, and speech intensity are
controlled. In addition, for some types of emotion, appropriate actions are in-
serted before and/or after the speak action depending on the case.”" While the
present quality of synthesizing emotional speech is not always entirely satisfac-
tory, the actions generated in accordance with the emotion compensate for the
(sometimes poor) quality.

Table 1 Speech Parameter Setting for Emotional Speech

Emotion Fear Anger Sadness Happiness Disgust
. . h
Speech rate much faster slightly faster | slightly slower faster or slower M“N\H:n
Pitch average MMMWMM:% Mw@aﬂ“:nr slightly lower much higher | very much lower
Pitch range much wider much wider slightly much wider slightly wider
narrower
Intensity normal higher lower higher lower
Pitch changes 1 abrupt on stressed downward smooth upward wide downward
0 norma syllables inflections inflections terminal inflections

In the second case above, the emotion specified continues for a short time
period, and influences the speech parameters.

An emotion reflects a state of the mind and is a short-term phenomenon.
On the other hand, mood is a phenomenon spanning a longer period. It works
like a background emotional state when no strong emotion is occurring. The
main function of mood in MPML presentations is to define how the author
wants the agent to behave when no emotion occurs. Currently, only three types
of mood are defined: “happy mood”, “neutral mood” (default), and “unhappy
mood”.

The way of combining mood and emotion is simple. When there is no
emotion occurring, the parameters defined for the mood is used. Here, a slight
perturbation is added to increase the lifelikeness. When an emotion occurs,
the parameters are switched quickly according to the emotion. The mood is
specified, if necessary, as follows.

<MOOD assign="rocky: happy; merlin: neutral™>
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Personality is another imporfant feature of the agents. It is one of the
characteristics of a human being that makes everyone act in his/her own way.
and thus makes everyone unique. Unlike emotion or mood, the association of a
personality with a person/agent lasts seani-permanently. When there are more
than two agents appearing on a screen, it is beneficial to characterize each agent
differently; otherwise, all the agents behave in similar manners and speak in
similar ways.

One personality mocdel originating from psychological research is the Five
Factors model,®” which is descriptive and widely used. It deals with five dimen-
sions for describing the personality: extraversion, agreeableness, conscientious-
ness. neuroticism, and openness. In practice, however, often only two or three
dimensions are employed.®'

Personality-related functions incorporated into MPML are still on a pre-
liminary level. Among the personality traits of the Five Factors model, MPML
presently supports only two dimensions, i.e., agreeableness and activity (from
extraversion). Activity affects the average frequency of agent behaviors. Agree-
ableness has an impact on the duration of the emotional states; that is, when the
agent gets angry, it will soon recover from this negative emotion, and when the
agent is joyful, this positive emotion will persist longer. Personality is specified
within the agent definition tag to be placed in the header part of an MPML
description as follows.

<AGENT id="rocky" character="rocky" spot="center”
voice="{C2DAEF00~B025-11D4-BE23-0000F44780AB}"
personality="active" />

Here the “spot” argument indicates the first position at which the agent appears.

84 Several Versions of MPML

4.1 Basic Web Version

The basic and typical version of MPML is designed for describing multi-
modal Web contents, which is played normally with Microsoft's Internet Explorer
(version 5.5 or higher, capable of interpreting XML) on a PC display. There are
two ways of generating a presentation from a MPML description. The first one
is to use XSL (Extensible Stylesheet Language) as a plug-in software of Inter-
net Explorer, whereby XSL is a part of the XML technology. In this case. an
MPML script is fed directly into the Web browser. The second way is via a con-
verter software. which reads an MPML script and then generates a JavaScript
code to perform a presentation in the Web browser. The backgrounds of the
MPML presentation are normally composed of HTML files. Useful objects such
as buttons, text-boxes, etc. can be placed in the browser window. Figurel
shows screenshots of multimodal presentations written in the basic Web version
of MPML.
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Fig.1 Screenshots of MPML Basic Web Version

A graphical editor, a display snapshot-of which is depicted in Fig. 2, has
been developed for this basic Web version.***” By using this graphical editor,
people can produce MPML-based multimodal Web contents without knowing
the tags or other description format of MPML, just like producing Web contents
with a graphical Web editor, which does not require knowledge regarding HTML.

In order to fit to various environments in which multimodal contents can
be played, the basic Web version of MPML has been extended in several ways,
while keeping its basic description style.

42 MPML-VR

MPML-VR. where VR stands for “virtual reality”, is a version of MPML
for 3D VRML space.®®** The function of the <MOVE> tag in this version is
changed to the movement of the agent in a defined 3D VRML space, rather than
in a 2D display space. The movement in this case is basically in the horizontal
space on a floor defined in VRML. In addition, the modes of the movement such
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Fig.2 Graphical Editor for MPML Basic Version

as “walk” and “run” can be specified in the <MOVE> tag as exemplified below.

" n

<MOVE agent="aya" how="walk" location="pos-center" />

Here the “location” argument indicates the destination of the movement.
A new tag introduced in MPML-VR is <SET-VIEWPOINT>, which specifies
a new camera position (and angle) in the VRML space as follows.

<SET-VIEWPOINT location="camera5" transition="ON" />

Another tag unique in MPML-VR is <OBJECT>, which allows to place a 3D object
externally defined as a VRML object into the VRML space and to change its
state in the presentation. For example, a television panel can be placed and a
movie file can be played on it as follows.

<SCENE id="scn-movie">
<OBJECT id="TV" url="television.xml" location="pos-tablel” />

<CALL object="TV" method="url" value="sample.mpg" />
<CALL object="TV" method="start” value="1" />

</SCENE>

Here <cALL> lets the object execute the designated method.

We also developed our original 3D agent characters along with MPML-
VR. Characters conformed to H-anim, the standard design format for human
figures in VRML space, could be used for this purpose, though our original char-
acters are different from this standard. Figure3 illustrates two display snapshots
of the MPML-VR.
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Fig.3 Screenshots of MPML-VR

4.3 MPML-Mobile

Recently, most mobile phones are equipped with a mobile-phone Web
Browser, and have become a major information and communication device other
than personal computers, especially in Japan. Many types of Web contents are
now provided also for the mobile phones. From the viewpoint of business with
paid Web contents, the information service for the mobile phones is of impor-
tance, because a reliable payment system is established via the operating com-
panies of the mobile phones. We therefore decided to develop a MPML-Mobile
version in cooperation with a small company in 2002. The development also
aimed to establish a de facto standard in the description language of multimodal
contents with lifelike characters. While the standardization was not progressing
well for the Web contents. we felt it might be possible for the mobile-phone Web
contents, taking advantage of the leading position of mobile-phone information
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services in Japan.

In MPML-Mobile, © % dynamic flow control functions are enhanced to
respond to user’s actions. To change the behavior of the character agent or
the background of the display scene, according to the user’s actions on the
Web page components or pushing a control button, an approach similar to that
used in JavaScript has been adopted. That is. for this purpose, <FROM> tags
with extended attributes like onClikGozo. onSelectiCoto, onbeSelectGoto
and onChangeGote are embedded in the background Web page. The value of
each of these attributes is a scene ID or a sub-scene ID. The <ORM> tag makes
the character agent jump to the specified scene when the user takes an action.

Although voice output is technically feasible, a text in the <SPEECH> tag
is displayed in a balloon text box in the MPML-Mobile version. MPML-Mobile
players have been developed using J2ME (Java2 Mobile-edition) for the mobile
handsets of major mobile-phone operating companies in Japan (NTT DoCoMo,
KDDI-au and Vodafone). The program consisting of an MPML-Mobile parser
and a converter into executable Java codes is run on the mobile handsets. Some
agent characters have been developed for the multimodal information services
on the mobile phones. These are 3D agent characters that perform with small
computational power on mobile phones. Figure 4 shows some snapshots of the
MPML-Mobile version.

CED
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Fig. 4 Snapshots of MPML-Mobile

ya

MPML-Mobile was deployed in a commercial service for KDDI-au’s niobile
phones in 2004: the company we collaborated with in the development offered
this service.

44 MPML-HR

Humanoid robots are emerging recently. especially in Japan. They can
perform the same role as lifelike agents. but operate in physical worlds, and thus
give us a stronger impression and effect different from the software character
agents that work on a display. At present. there exist no convenient tools for non-
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Fig.5 ASIMO’s Presentation Written in MPML-HR

professionals to describe and generate the behavior of humanoid robots. Thus we
decided to apply our MPML technology to produce such a tool for the humanoid
robots, primarily aiming at the application of multimodal presentations in the
physical world. The result is MPML-HR (HR stands for “humanoid robot”),* %%
a version of MPML.

MPML-HR allows people to describe multimodal presentation contents
with a biped humanoid robot and a presentation display in a physical world.
The first biped humanoid robot operated by MPML-HR was Fujitsu’'s HOAP-1;
second and present one is Honda's Asimo which is the first and most advanced
biped humanoid robot in the world. The research and development of MPML-
HR using Asimo have been carried out in cooperation with Honda Research
Institute Japan. Figure5 shows a picture of Asimo’s presentation.

The humanoid robots here are assumed to have pre-defined actions which
are specified and activated by MPML-HR. Like MPML-VR, the <MOVE> tag in
MPML-HR makes the biped humanoid robot move on the horizontal floor; here
the position of the robot needs to be calibrated initially. A new unique tag
introduced in MPML-HR is <POTNT>, which makes the humanoid robot perform
a pointing action in the direction of the information screen. The x-y values in
the <MOVE> tag of MPML-HR denote the horizontal floor position; on the other
hand. the x-y values in the <POINT> tag indicate the vertical screen position.
Hence we separated these tags in the design of MPML-HR.

For example, if

<POINT id="Asimo" x="300" y="150" />

is written. then the robot moves to one side (right or left side) of the screen,
and points to a position of the screen with his left or right hand. The x-y screen
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coordinate values in the arguments will be approximated into one of six areas in
the current implementation. i.e., the high, middle or low area of the right or left
half of the screen display. In this case, if the pointing position is on the right
Lalf of the screen, the robot moves to the right side of the screen and points
with his right hand. When pointing. the robot turns his body 20 degrees to the
screen.

In order to increase the lifelikeness of the humanoid robot. an autonomous
head motion occurs when the robot speaks with no action commands. Also, other
autonomous idle behaviors are evoked when there are no action instructions for
a certain period of time.

Although the control of humanoid robots has been very hard or impossible
for non-professionals to date, MPML-HR enables them to easily generate certain
behaviors of robots and to produce multimodal contents using the robots in the
physical world. Although the presentation setting with a humanoid robot is
not always available like the ordinary displays on which the character agents
perform, the presentations by the humanoid robot are proving to be able to give
a stronger impression than those by the character agents.

§5 Emotion-related Functions

5.1 SCREAM: An Artificial Emotion Module

Emotion is one important factor for making the agent lifelike, believable,
friendly and empathic. The description and expression of the agent’s emotion is
one of the features of MPML. Specifying emotion by using the <EMOTION> tag
whenever needed is, however, cumbersome. Thus, an artificial emotion module
called SCREAM (Scripting Emotion-based Agent Minds)**~*” has been devel-
oped, which works as an external module of MPML (and other programs), and
decides the emotional state (a type of emotion and its intensity) and external
emotion expression of the agent based on the current interaction situation. Pa-
rameters for its decision are derived from the agent’s mental model (goal, belief
and attitude), social relations holding among the interacting parties (both vir-
tual and human), and features of interlocutor(s) or the user. In the case of
MPML, SCREAM is called via the <CONSULT> tag. Here, information regard-
ing the interaction situation is fed into SCREAM in the form of communicative
acts written as com_act (8, H, Concept, 5it), where § is the speaker, H the
addressee (interlocutor), and Concept refers to information conveyed by S to H
in situation sit. Other parameters are pre-defined or maintained in SCREAM
for each agent.

The core part of SCREAM is basically a rule-based system implemented
in a Java-based Prolog system. It includes four sub-modules. i.e., appraisal,
emotion resolution, emotion maintenance, and emotion regulation sub-modules.
Figure 6 shows the structure of SCREAM.

In the appraisal sub-module, an event is evaluated as to its emotional
significance for the agent, based on emotion-eliciting conditions formulated in
the OCC emotion model *', which defines twenty-two types of emotions such
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Fig. 6 Structure of SCREAM

as “joy”. “happy for”, “distress”, “pride”, “satisfaction”, “anger”, “love”. and
“hate”, among others. The personality of the agent, if it is defined, is taken into
account in this computation.

More than two active emotions in an agent can be generated with their in-
tensities in this process; they are resolved in the emotion resolution sub-module.
In the simple case that there exists one dominant emotion with sufficiently high
intensity, it becomes the output of the appraisal sub-module. On the other hand,
when there is no such a dominant emotion but are several low-intensity active
emotions, then all the active emotions are taken into account in the computa-
tion. In this case, the active emotions are classified into ‘positive’ and ‘negative’
emotions. Examples of positive emotions are “joy”, “happy for”, “pride” and
“satisfaction”, whereas “distress”, “anger” and “hate” are negative emotions.
Then the dominant mood results by comparing the overall intensity values as-
sociated with the positive and negative emotion sets. The ‘winning’ emotional
state is decided by comparing the intensities for the active emotions and the
mood. Thereby, the emotion resolution sub-module can account for situations
where, for example, an agent has a joyful experience but is still influenced by its
overall negative mood towards another agent.

The emotion maintenance module handles the decay process of emotions.
Depending on their type and intensity, emotions may remain active in the agent
for a certain time during the interaction. The decay rate is determined by the
agent’s personality; an agreeable agent's decay rate for negative emotions is
faster than that for positive ones.

In addition to the above three sub-modules. there is an emotion regu-
lation sub-module attached, which decides whether a generated emotion is ex-
pressed or suppressed considering the social relation with the interlocutor or
the user. When the agents interact, they do not only exchange information
but also establish and maintain social relationships. Hence it is important that
the agent avoids introducing disharmony into a conversation. Two parameters.
social power (relative ranking such as a boss-subordinate relation) and social
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distance (the closeness between two agents). are taken into account in emotion
regulation. If the social distance is close. then the agent may express its emotion
freely. If the social power of the interlocutor is higher, then the emotion reg-
ulation module makes the agent suppress its undesirable emotional expression
against the interlocutor. In this way. this sub-module enables a social filtering
function with respect to emotion expression.

When the author of the contents directly specifies the emotional state of
an agent in MPML using the <=MOTION> tag, unnatural emotion transitions may
occur; for example, a happy agent may abruptly change into a negative emotional
state. The use of SCREAM is effective to avoid this problem by smoothening
transitions between emotions of opposite valence {positive, negative). and also
by keeping a dynamically updated record of the agent’s attitude towards It
interlocutor. However, an issue regarding current SCREAM is that it is not
always easy to provide its inputs as appropriate communicative acts.

Content demonstrating the integration of MPML and SCREAM has been
produced, where an advisor agent endowed with a SCREAM-based mind plays
an advisor role in a virtual Black Jack casino. Here, thanks to the sophisticated
modulation of emotional expression and attitude change, the advisor agent can
achieve a high level of naturalness and believability.

5.2 Physiological Sensing and Eye Tracking

In order to achieve affective communication with a user, it is important
for the interacting agent to infer the mental (and emotional) state of the user.
There have been researches of using facial expression or voice tone for sensing hu-
man emotion. Although these sensing methods have the advantage that the user
does not need to wear any sensing devices, they are not necessarily sufficiently
reliable. On the other hand, physiological sensors measuring skin conductivity
(SC), blood volume pulse (BVP), from which heart rate can be computed, elec-
tromyography (EMG), and others are now widely used in affective computing.”
The development of portable sensing devices is now under way for the purpose
of affective human-computer interfaces. Although they still have problems in
the performance of emotion sensing, they can provide more reliable results than
those obtained from facial expression or voice tone. Moreover, since these bio-
signals are mostly involuntary, they allow us to detect the user’s cognitive and
affective state free from the user’s conscious regulation such as ‘social masking’
{for instance, suppressing the display of an “angry” face).

These physiological sensors are recently becoming employed in affective
gaming in which the user's emotion is detected and used to control the scenario
of the game. Likewise, we can utilize them to achieve ‘physiologically percep-
tive lifelike characters’ as a new generation of interface agents.** "~ Towards
this end. we have constructed some systems, which use SC and BVP sensors for
detecting the user's emotional state. Skin conductivity (SC) correlates with a
user’s arousal level, and the blood volume pulse (BVP) rate with the valence
(positive or negative) of a user’'s emotion. Thus, in this case, we can conve-
niently apply Lang's two-dimensional emotion model® shown in Fig.7 for the
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recognition of the emotional state of the user.

One system constructed for a demonstration is a virtual job-interview
system, where an agent character plays the interviewer of a company and the
interviewee is a user.®® The system is written in MPML receiving an input
from the physiological sensors. While it is desirable for the interviewee to main-
tain his/her mind calm during the interview, some negative emotions, such as
enraged-ness, fear and disappointment, might occur with him/her, for example,
when the interviewer touches upon a weak point of the interviewee. An avatar
agent of the user appears in a display window called “emotion mirror”, and ex-
presses strong emotions detected through the physiological sensors in real time.
In this way, the user can have a practice interview while being notifled about
the emotional dynamics of his/her mind. This function thereby helps the user
to have some ideas of controlling his/her mind in the job interview.

Another system that has been developed is a kind of affective gaming. It
is an interactive cards game where a user plays the “Skip-Bo” game against an
opponent agent.” Here, the affective behavior of the character agent is contingent
on the user’s physiological responses during game play. Two versions of the agent
were implemented, each with its own type of empathetic attitude towards the
user. In a positive empathetic version, the agent displays happiness if the user is
detected to be in a happy or relaxed affective state. In the negative empathetic
version, on the other hand, the agent will display gloating joy if the user is
recognized to be negatively aroused. In both cases, the agent character will also
display self-centered emotions. such as being happy about its own successful
game move. One result of this study indicates that the absence of negative
empathy is conceived as stressful (derived from the sensor of the galvanic skin
conductivity). as it might also be experienced when playing against a human
player. A complementary result is that the negative empathetic behavior of the
agent character induced negatively valenced emotions in the user (derived from
the electromyography sensor), which indicates a form of reciprocity in human
response to the agent’s behavior regarding the valence of emotions.

Physiological sensing of the user’s mind and affective state also proved
valuable in quantitatively evaluating how a part of a multimodal content is



