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Abstract

An interface agent with a life-like character on
a personal and mobile computer based guidance
system is a plausible interface design approach
for supporting and mediating communicalion
belween the exhibitors and visitors of showcase
places such as museums. laboratory epen houses
and trade shows. This paper discusses the de-
sign framework and applications of such in-
terface agents based on an asynchronous hier-
archical agent(AHA) architecture and empure-
cal knowledge of character animation design.
First. a locomotion design tool is introduced
with multi-level abstraction of interface design.
followed by the AHA architecture which s suil-
able for designing agenls allowing user’s con-
trol access at these different levels of abstrac-
tion. The architecture is tested with a board
game called Malefil: in which the user can con-
trol player agents at various levels of abstrac-
tion. Lastly. a mobile guidance system with a
cartoon-based lifc-like interface agent was de-
veloped and tested. Personalized agents can
provide an intimate relationship with the users
through conlexl-aware behavior.

1 Introduction

We speculate that, in the future. an interface agent will
accompany a user throughout the day, performing a role
that a human butler or secretary would perform at home
or the office. Such a personal interface agent should have
a tangible personality as the foundation of its character
but also have the flexibility to play different roles de-
pending on the context or the requests for the sake of its
agentee, i.e.. the user of the agent. Furthermore, as the
agent adapts to the agentee (and vice versa) we foresee
that the relationship between them will become more in-
timate over time. An interface agent is defined in this
paper as an autonomous agent which mediates between a
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human user and computer cyberspace. “Agent” refers to
an autonomous computer program which performs some
task or tasks on behalf of an entity. communicates asyn-
chronously with other entities in the world, and responds
asynchronously to events in the world. Entities may be
people, other agents. other traditional programs or ob-

jects in the world.

We are designing a multi-agent architecture which is
suitable to develop such interface agents for various ap-
plication systems. The architecture is also unified to con-
trol animated agents characters{l]. Without any practi-
cal tasks, an interface agent would remain a toy to play
with or a friend to chat to. Ve are also pursuing two ap-
plications: a virtualized museum|2] and a context-aware
mobile assistant system named C-MAP[3]. Agents will
appear in both systems and play active roles. These
works are depending on and related to each other un-
der the umbrella research project on “computer med:-
aled creative communications” . However, the topics are
weakly coupled and so implemented at this moment.
A multi-agent architecture is suitable for this type of
project management because the program and system
modules can be integrated easily.

Our efforts to develop interface agents are in line with
related work in various fields. such as, character ani-
mation in computer graphics[4], anthropomorphic social
agent[z’)] [8). autonomous interactive characters[7][8], and
software agents[9]. Our objective is to provide a per-
sonal interface agent which has the capability to adapt
its character to its agentee. Thus. a functional interface
can be provided. The adaptation may be manual in the
initial stage and then autonomous later as the research
progresses. The visual outfit is necessary to bring about
the intimate relationships between the agent and agen-
tee.

In the following sections. we first discuss agentality as
a functional labeling of agents followed by discussions on
the design framework and applications of such interface
agents. In Section 3 we present the locomotive anima-
tion mechanism of visual agents, which uses a multi-
level abstraction of interface design. In Section 4 we
expand on how the asynchronous hierarchical agent ar-
chitecture works with an example implementation of a
Malefitz board game in which the user can control the
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Figure 1: Hierarchical Animation Control Interface

agents at various levels of abstraction. In Section 5. ap-
plication to museum exhibitions is discussed, in particu-
lar a virtualized museum which incorporates the C-MAP
personal and mwobile interface agent. This system is a
cartoon-based life-like character that seamlessly guides
the visitor of a museum through both physical and vir-
tual exhibits.

2 Agentality: Function of an Agent

The need for multiple abstraction layers and multiple
interaction models for agentees and agents is related to
agentality. As we refer to a person differently by per-
sonal pronouns. such as I. yor and they. in a segment
of discourse. we can refer to an interface agent from dif-
ferent perspectives depending upon their relationship to
us (and our task) during discourse. Three categories
of agents we consider are avatars, assistants (or secre-
tary agents) and computer actors. Unlike the personal
pronouns, this categorization of an agent. which we call
agentalily, identifies an agent based upon its function.
However, as the functional difference of agents makes the
relationship between agents and agentees different. the
agentality relationship closely corresponds to the anal-
ogy of personal pronouns. For example. we may say “Do
vou see the avatar standing there? It's me.”. ~Secretary
Agent. will you check my e-mail””, “He is my personal
actor agent.” and so on.

The largest difference among the types of agents is the
level of control accessible by user. The hierarchical struc-
ture of agent architecture fits to with functional labeling.
As illustrated in the Section 4.2, different agentalities
are important for agents playing in the relatively simple
Malefitz game world. The agent users sometimes want to
control the finest leve] of detail of the agent’s behaviors
while at other times only coarse, motivational control is
needed.

This is particularly important when an agent is de-
signed as a personal interface agent for guidance such as
an agent for museum guidance. The user can make an
agent be an avatar, assistant or actor by simply chang-

Figure 2: Gaitor: animation design tool for locomotion

ing the level of control he/she exercises. In a virtual
museum application. a user may want the agent to play
three kinds of roles during the visit. First. an avatar in
the virtual world is helpful to extend his/her reality and
grasp the situation in the virtual world. Second. a vir-
tual assistant (guide) agent may answer questions about
the visit and bibliographical inquiries. Third. a virtual
actor can entertain the visitor by showinyg a play or pro-
actively conveying information. An avatar may become
an actor when such a show is open for participation by
virtual visitors. In this way. the agent provides the user
with a consistent. interactive change of agentality.

3 Animation Control of Visual Agents

Realistic and/or believable motion is important to give
an agent an intelligent appearance. Unfortunately. it is
very tedious and requires great skill to produce realistic
and believable motion by traditional key-framing. As the
actions of an agent become more complex. it is not prac-
tical to design all agent actions by the labor of a human
animator nor by motion capturing. An algorithm-driven
alnlmation process is strongly desired.

By incorporating knowledge of how real humans move
into control algorithms, certain motions can be animated
more convincingly, autonomously and efficiently than is
typical using standard control algorithms. Interestingly.
the animation control interface can be layered hierarchi-
cally (figure 1). The user, i.e.. animation designer. wants
to have control in every level of layers during the pro-
duction. For example, at first he/she has a basic script
of a story or rough ideas of behaviors for each charac-
ter. Then he/she wants to modify the actions and action
units in detail to add reality and believability. Ideally.
these modifications should not affect the scripts and be-
haviors. However, a change of velocity of some angle
can easily break the whole balance of the figure or, for
exaniple, break down the synchronous walking of multi-
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Figure 3: AHA: Asvnchronous-Hierarchical Agent Ar-

chitecture

ple figures. We need the system that allows users fine
tuning on one layer while maintaining settings of other
layers and adjusting boundary conditions.

We have developed an interactive, real-tinie anima-
tion system of human locomotion (walking and running)
which has two-level access control correspouding to a
behavior layer and an action layer(4]. Figure 2 is an in-
terface display of the system. In the locomotive agent.
walking speed. step length. and other characteristics are
the behavior laver parameters. and other attribute pa-
rameters. such as. torso bend and pelvic rotations. are
the action layer parameters.

With this strategy. il is easy for an autonomous agent
to control behavior of a locomative agent by incorporat-
ing the empirical control mechanism of the interactive
systeni. The agents need only use parameters for behav-
iors and actions in order to obtain the desired behaviors.
These parameters may be defined in advance or interac-
tively at the time of execution.

4 AHA Architecture

Two fundamental components are in the Asynchronous
Hierarchical Agent (AHA) architecture as shown In

A B c
................. _| lovaC, hate B love C
show affection to C
g?l-mndouma wt 5pm, walk
& ysli mB; . to the store
ick B from behind and run

. take laft leg back, swing torward, .
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Figure 4: Multi-level Interaction via Scripts and Direct
Manipulation

Figure 3. First. the multilevel hierarchical struc-
ture of the system is comprised of muotivation/needs.
policy/planning, behaviors. action/sensation and ac-
tion/sensor units. Each layer contains responsive and
perceptual functions. which interpret mput signals from
the adjacent layer. Our approach resembles the multi-
lavered approach found in the InteRRaP system [10].
Our system has a structure called the knowledge moni-
tor that contains a knowledge base structured so that all
control layers have access to the information 1t contains;
providing access to knowledge that applies to all levels
of coutrol abstraction. Knowledge specific to a partic-
ular layer though is contained within that layer. The
imulti-layered computation approach is also seen in {11]

[12] [10].

Our agent architecture allows the user to control the
agent at different levels of abstraction. The various lev-
els of abstraction correspond to different agentalities.
allowing uniform design of avatars. assistants and ac-
tors. Agents interact with each other through the world,
where the shared knowledge monitor manages common
activities and a common knowledge base. The knowl-
edge monitor of the world acts like the blackboard of
our multi-agent systems[13).

An example of designing each agentality is as follows.
The avatar requires frequent control at the action layer
by the user. It does not have an explicit objective or
sense of intelligence but just acts like a marionette. The
agent, however, adapts the action unit so that dynamic
actions look natural. The assistant agent expects explicit
inputs of goals and plans from the user. It watches the
behaviors of users as action examples or uses sensed sit-
uations about the user and the environment. The basic
behaviors and layers beneath are pre-coded. The actor
agent will follow the pre-coded script most of the time
1ooking at the human user and other agents and respond-
ing properly within the range of freedom allowed within
the script.
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Figure 5: Malefitz Board Game Layout

4.1

Figure 4 shows an example of an agent user interact-
ing with his user agent & via the multi-layered interface.
Agent A has chosen the indicated motivations. policies.
hehaviors. ete. and its agent user has decided to make A
“kick B” by interactively setting A's belavior. Likewise.
an agent user might choose low-level, direct manipula-
tion control by bending the knee of his agent a bit more.

Currently. our hierarchical interface agent project is
still at a developing stage. and we do not yet have a
general system to control life-like agents as illustrated in
Figure 4. However. we have implemented the basic AHA
framework. and are now testing it in the simplified sce-
nario of a board game called the Malefitz game. Also.
we have implemented a mobile environment where the
interface agent inhabits and guides users. Section 5 illus-
trates the current status of the environment and shows a
few examples of life-like interface agents. They are 2-D
cartoon characters and controlled by hard programmed
behaviors. However, it partially uses the AHA archi-
tecture and demonstrates interesting interactions with
agentees.

Example Agent Interaction

4.2 Implementation of Malefitz Game

We are testing AHA on a simple game called Malefitz.
Malefitz is a board game for four or six players. The
goal of the game is to move one of player’s pieces to the
goal position at the top of the board (see figure 5 for
layout). The distance of piece movement is determined
by a die roll. Each user has the choices of which piece
to move, direction at the intersections and position of
obstacle stone that can block other players. The game
involves complex strategy planning such as piece move-
ments. stone movements, dynamic change of enemies and
friends, etc.

To illustrate how we constructed a Malefitz plaver us-
ing the AHA architecture, consider the top four layers
again in Figure 3. In our initial experiments, we mainly

Figure 6: Agentee’s Interface for Manipulating Agent in
Malefitz Game: Agentee can control and design motiva-
tion/policy/behavior/action of agent at different levels
of layered abstraction.

focussed on the response part of the various layers in the
AHA agent to play the game. We are currently working
on creating the perceptual part of the hierarchy.

We partitioned the motivation layer into motivations
and personality traits. The possible motivations are
to WIN. to LOSE. to HURRY. and to STOP playing.
The personalities are CONSERVATIVE, FRIENDLY
and AGGRESSIVE. These motivations can be activated
which causes lower level functions to be implemented in
the policy layer (see below). Likewise. functions at this
layer initiate response activities. For example, to roll
the die after the previous plaver (agent) has finished his
turn requires the percepuon of this (external) event to
propagate up to the motivation layer. Now. the motiva-
tion layer must decide what to do. The reason an agent
rolls the die comes from its motivations. Thus, the mo-
tivations to WIN. LOSE or HURRY the game cause the
necessary activities in the layers below to roll the die
(first action). The outcome of the die roll is perceived
again. travels up the hierarchy. and initiates a move of
one of the pieces {sccond action) hased on the current
motivation and the state of the levels below. However,
if an AHA is motivated to STOP playing the game, it
likely would not roll the die at all.

Agents have five main polictes which are instanti-
ated depending upon the state of the game and the
curcent motivations of the agent. The policies are:
AGGRESSIVE, PROGRESSIVE, PROTECTIVE. DIS-
TURBING, and CAUTIOUS. As an example, a protec-
tive policy encourages movements that keep the player’'s
pieces grouped together. It also influences stone place-
ment so that they are placed to protect the player's
pleces.

In response to the policies which become active. vari-
ous behaviors activate. Possible available behaviors are:
KICK-OUT (move to send an opponent’s piece back to
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Figure 7: Screen shot of Mobile Assistant Computer: life-like character provides expressive messages

its home base). CHASING. ADVANCING. BLOCKING.
BARRICADING. SUPPORTING and FLOCKING. For
illustration. a chasing behavior might be instantiated
when a disturbing policy is active. This behavior causes
actions to be generated to move a piece to chase an op-
ponent’s piece.

Agents have four actions available to cause changes in
the environment: ROLL-DIE. SEND-HOME. MOVE-
PIECE and PLACE-STONE. These are the minimum
number of actions needed for the agent to play the game.
We are currently adding additional actions for the game
world such as SAY (to talk to other agents) and GES-
TURE (to indicate suggestions non-verbally). As sup-
port for more complex agent hehaviors increases, there
will be considerably more actions required. The actions
are the only communication path available between the
agents and the world.

Several activities in each layer may be active at the
same time. which may cause multiple or conflicting re-
sponses in the lower layers. For example. in response to
several policies which are active. as well as the current
die roll and board configuration, there may be several
behaviors which are appropriate. In this case, the be-
havior which has the most support from the policy layer
is executed by the agent. In the agent interface, the be-
haviors are prioritized using this scheme and displayed so
that the agentee can see what her agent considered and
will execute. Figure 6 shows the interface with which
the agentee can override her agent’s choices. Note that
the interface provides access for the agentee at any of
the four levels.

The agent interface also has an activity manager dis-

play so that agentees can see the current state of their
agent or the world. This display is useful for the agen-
tee to monitor the progress of his agents so that he can
decide whether to override some aspect of the agent's
behavior.

Our implementation of an AHA agent player (user
agent) for Malefitz is by no means complete; however,
our agents are able to play the game by making rea-
sonable moves depending upon the die roll. At any
time. agentees (real plavers playing through their user
agents) can influence the “decisions™ of their agents at
several levels. We also provide ~avatar™ agentality, that
is. users can choose to participate without agent support,
thus playing directly against other virtual users and user
agents.

Our next step of development will include the addi-
tion of perceptual parts to the agents. as well as the
improvement of the graphical modeling of the agents
and inter-agent communication support using the AHA
framework.

5 Application: Guide Agent in Museum

In this section, we introduce a computer supported com-
munication environment in which autonomous agents n-
habit and interact with human users.

We have proposed the Meta-Museum concept 2] as a
computer-supported communication environment of the
future. The Meta-Museum is an interdisciplinary mu-
seum incorporating augmented reality, mobile comput-
ing, computer vision and interface agent technologies to
facilitate the comimunication between visitors and the
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Figure 8: Mobile and Personal Guide Agent in VisTA-walk: personal agent transposes itself from mobile computer
to screen of virtual exhibit having a full-body gesture interface

people behind the exhibits. It will transcend the conven-
tional museums and even the recent virtual museums by
not only combining the physical and the virtual exhibits
seamlessly but also incorporating contexts of visitors and
exhibitions.

The objective of Meta-Museum is to provide an inter-
active, exciting, entertaining and educational experience
to visitors. The people in the environment will be able to
share knowledge, ideas. ways of thinking, and visions in
order to know each other, to create new ideas. to form
communities, etc. One of the research goals of Meta-
Museum is to offer rich and effective interaction with a
museum's archives and the people behind them through
communication mediated by interface agents.

The exhibit guidance is a key to support the personal
and comprehensive experience in the Meta-Museum in
addition to the exhibit presentation and the database
management. We have been developing the VisTA-walk
system and the C-MAP mobile guide system. VisTA-
walk[14]! is the first prototype system of Meta-Museum
and a virtual walk-through system with a vision-based
interface[15) to provide full-body gesture interaction. We
have modeled an ancient Japanese village where visitors
can visually experience archaeological reconstruction in
VisTA-walk. C-MAP [3] is a context-aware mobile as-
sistant system that provides a mobile guide agent for
assisting visitors during exhibitions. We have recently
combined these two systems.

1VisTA: Visualization Tool for Archaeoclogical data

5.1 C-MAP Guide Agent

The C-MAP guide agent usually inhabits a mobile com-
puter assisting the physical tour of exhibitions®. How-
ever. if the user stands in front of the VisTA-walk sys-
tem. the interface agent transports itself to the VisTA
screen from the mobile computer. Then it participates
in guiding the agentee through a virtual tour of the an-
cient village. The participation of the agent is based
upon the visitor's (agentee’s) preferences which are au-
tomatically estimated based on the discerned behavior
of the visitor during previous physical and virtual tours
of the exhibition.

Figure 7 shows a screen shot of the C-MAP mobile
assistant computer. In the upper-left corner is the ani-
mated character along with a message box that the an-
imated character uses to send messages to the visitor.
Also shown in the figure is the semantic map of the ex-
hibition. It shows semantic relationships using Euclidean
distances of keywords and objects of each exhibit. It also
can show the physical map on the screen.

The objectives for the C-MAP guide agent are modest
at this time because we want to test the infrastructure
first. We plan to later proceed to more complex models
of agent beliaviors. The main objectives for the guide
agent implemented at this point are: (i) track agentee’s
physical position, (i) track agentee’s interest on seman-
tic map. (iil) suggest alternative exhibit to visit depend-
ing on agentee’s interest and (iv) provide an animated
character that represents the guide agent’s internal state.

2All systems have been implemented in our laboratory
buildings. Consequently, the exhibits are research-related
posters.
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For each agent. the planner is implemented on the
agent server machine using [incr Tel]. while other compo-
nents are implemented on the portable machine in Java.
We partially used an AHA architecture to implement our
guide agents. By using the AHA approach. the guide
agent responds to events asynchronously as they hap-
pen. Qur current implementation of the planner is very
simple and operates at the behavior layer.

We crealed 12 different life-like animated characters
as the visual representation of personal agents which the
visitor can choose from. Each character has short ani-
mations of [our different behaviors that can be controlled
remotely. The four different behaviors includes thinking.
suggesting. pushing and idle. Additionally, the animated
character can be set to exhibit a particular behavior for
a given duration. The hehaviors are unplemented as a
FIFO queue. When the queue is empty the idle behavior
is displayed. The animated character applet is vesponsi-
ble for sending the agent server the name of the animated
character the visitor chooses when they registers. Above
the animated character is a small message window which
can also be coutrolled remotely.

5.2 CMAP Agent in VisTA-walk

Figure 8 shows the visitor agentee guided by the guide
agent as it appeared on the VisTA-walk screen. Notice
that in the visitor’s hands 15 a mobile hand-held com-
puter. An infra-red sensor detects the visitor's existence
from a badge she is wearing and her identification code
which is communicated to the C-MAP agent server. The
agent server sends the visitor's personal agent character
to the graphics workstation used for the VisTA-walk sys- .
tem.

There are three windows displayed on a large pro-
jection screen for VisTA-walk: a walk-through view, a
bird's-cve view and a document browser (i.e. W1V
browser). The WW1W browser is linked to the objects
(e.g. houses. warehouses. pots) in the walk-through view
to provide information prepared as requested by the vis-
itor’s selection using gesture pointing or mouse-clicking.
When the visitor moves in a relaxed pose (1.e. no ges-
tures) they control the walk-though.

The agent guides the visitor in three ways: fully au-
tomatic guided tour, semi-automatic guided tour and
manual guided tour. In the fully automatic mode. the
visitor doesn’t have any control of walking through but
enjoys passive guided tour based on the agent’s planning.
In the semi-automatic mode, the visitor has control of
walking-through but the agent suggests points to visit.
The suggestion is displayed by the follow-me behavior,
to which the visitor can choose to follow or not. Instead,
if the visitor goes to a different point, the agent follows
her and tries to give another suggestion after the visit®.
In the manual mode, the agent onl} follows the visitor to
provide company. In future, we plan to have the agent
_

] .3111 the current implementation. the agent waits for the
Visitor coming back to the suggested point.

provide instructive guide presentations at points of in-
terest depending on the visitor's interests.

Selection of the guiding mode is done automatically
but may be overridden manually. The agent planner
chooses a mode based on the visitor’s context, in par-
ticular, context is based on the activity level recorded
through the previous visits measured by interaction logs.
In the current implementation, the selection algorithm
is still simple such that it uses the fully automatic mode
if the amount of interaction with the mobile computer is
small.

The choice of character for the personal agent is open
to the user when the mobile-computer is loaned to them
during a registration process. Some of the characters
are: robot, dad, ghost, rocket, goat, etc. Our experience
found that user's responds positively when the person-
ally chosen agent appears on the VisTA-walk screen®.
The agent’s character heightens his or her enjoyment of
and interest in the exhibition.

6 Summary and Future Directions

In this paper the project on interface agent research at
ATR-MIC has been presented. We are currently imple-
menting more complex behaviors of the animated agent
using the AHA architecture for the applications outlined.
We are gradually getting results on each sub-topic as de-
scribed above. It is our belief that the vertically layered
AHA architecture and the agentality aspect of our agents
will provide a convenient and clear mechanism for users
and designers to interact with agents.

The display and control of changing agentallt\ has vet
to be developed. Interface agents should support visitors
as personal agents or exhibit agents. As the personal
agent has three agentalities, it changes the major por-
tion of its interaction to the visitor as she/he proceeds
through the exhibition. For example, an assistant agent
will appear to guide the walking course through the mu-
seum and provide information of interest to the visitor.
An actor agent will show how the artifacts were used,
visually traveling back to the original era and location.
An avatar agent is also implemented 1n the VisTA-walk
svstem. but only to provide the visitor's position in the
virtual village at this moment.

Such a computer actor agent will play its role to-
gether with other computer and/or human actors based
on a given script. In order to make the computer actor
intelligent-looking. the timing of interaction is impor-
tant. Timing is especially difficult to control when play-
ing with a human actor because the agent’s sensory de-
vices do not know how long a human action takes during
role-playing since the activity manager does not know a
priori how long an actor takes to play a part. Scripting
method such as [16] will be suitable for such a computer
actor environments.

*The integrated VisTA-walk and CMAP demonstration
was performed during ATR laboratory open house day in
November 1997.
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The immersive presentation shown in Figure 8 is only
one way of presenting the Meta-Museum exhibit. We
plan to introduce a see-through HMD (head mounted
display) device for personalized presentation of personal
interface agents. We expect that the structure of creative
thought activity and changing perspectives in agent me-
diated communication systems can be described together
with agentality.
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