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Preface

The origin of the Intelligent Virtual Agents conference dates from a successful
workshop on Intelligent Virtual Environments held in Brighton at the 13th European
Conference on Artificial Intelligence (ECAI'98). This workshop was followed by a
second one held in Salford in Manchester in 1999. Subsequent events took place in
Madrid, Spain in 2001 and Irsee, Germany in 2003 and attracted participants from
both sides of the Atlantic as well as Asia.

This volume contains the proceedings of the 5™ International Working Conference
on Intelligent Virtual Agents, IVA 2005, held on Kos Island, Greece, September
12-14, 2005, which highlighted once again the importance and vigor of the research
field. A half-day workshop under the title “Socially Competent IVA’s: We are not
alone in this (virtual) world!” also took place as part of this event. IVA 2005 received
69 submissions from Europe, North and South America, Africa and Asia. The papers
published here are the 26 full papers and 14 short papers presented at the conference,
as well as one-page descriptions of the 15 posters and the descriptions of the featured
invited talks by Prof. Justine Cassell, of Northwestern University and Prof. Kerstin
Dautenhahn, of the University of Hertfordshire.

We would like to thank a number of people that have contributed to the success of
this conference. First of all, we thank the authors for their high-quality work and their
willingness to share their ideas. We thank the Program Committee, consisting of the
editors and 74 distinguished researchers, who worked hard to review the submissions
and to select the best of them for presentation. A special thanks goes to the Local
Organizing Committee for their efficient work on preparing and running the event.
We would like to thank our sponsors for their financial support and, last but not least,
we thank all those who attended the conference.

We invite readers to enjoy the papers in this book and look forward to the next
Intelligent Virtual Agents conference.

July 2005 Themis Panayiotopoulos
Jonathan Gratch

Ruth Aylett

Daniel Ballin

Patrick Olivier

Thomas Rist
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Training Agents: An Architecture for Reusability

Gonzalo Mendez and Angelica de Antonio

Computer Science School,
Technical University of Madrid,
Campus de Montegancedo s/n, 28660 Boadilla del Monte (Madrid), Spain
gonzalo@gordini.ls.fi.upm.es, angelica@fi.upm.es

Abstract. During the last years, Intelligent Virtual Environments for
Training have become a quite popular application of computer science
to education. These systems involve very different technologies, ranging
from computer graphics to artificial intelligence. However, little attention
has been paid to software engineering issues, and most of these systems
are developed in an ad-hoc way that does not allow the reuse of their
components or even an easy modification of the application. We describe
an agent-based software architecture that is intended to be easily ex-
tended and modified. Also, some experiments to test the suitability of
the architecture are shown.

1 Introduction

Many of the advances in the application of intelligent agents to the field of Intel-
ligent Virtual Environments for Training (IVET) have come from the Artificial
Intelligence community, such as Herman the Bug [I], Cosmo [2] or Steve [3/4].

However, little effort has been devoted to software engineering issues, and in
the few cases where some attention has been paid to design methods, such as in
Jacob [5], they have focused in object oriented design rather than agent oriented
design.

The MAEVIF (Model for the Application of Intelligent Virtual Environments
to Education) project is the result of several experiences integrating virtual en-
vironments and intelligent tutors [6l7] that served to point out the problems
that commonly arise in such integrations. The objective of the MAEVIF project
was to define a model for the application of intelligent virtual environments to
education and training, which involved:

— The definition of a generic model for intelligent learning environments based
on the use of virtual worlds.

— The definition of an open and flexible agent-based software architecture to
support the generic model of an IVET.

— The design and implementation of a prototype authoring tool that simplifies
the development of IVETS, based on the defined architecture.

— The definition of a set of methodological recommendations for the develop-
ment of IVETS.

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 1-{I4] 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 G. Mendez and A. de Antonio

In the remainder of this paper it will be described how the traditional archi-
tecture of Intelligent Tutoring Systems (ITS) [8/9] has been extended to support
Virtual Environments (section 2) and how it has been transformed into an agent-
based architecture (section 3). In section 4, an explanation of the functionality of
the authoring tool will be given. Section 5 will present a discussion of the results
that have been achieved with the MAEVIF project. Then, the basic functioning
of the system will be described (section 6), and finally, in section 7, some future
work lines will be shown.

2 An Extension to the Architecture of Intelligent
Tutoring Systems

The development of three dimensional Virtual Environments (VEs) has a quite
short history, dating from the beginning of the 90s. The youth of the field, to-
gether with the complexity and variety of the technologies involved, have led
to a situation in which neither the architectures nor the development processes
have been standardized yet. Therefore, almost every new system is developed
from scratch, in an ad-hoc way, with very specific solutions and monolithic ar-
chitectures, and in many cases forgetting the principles and techniques of the
Software Engineering discipline [I0]. Some of the proposed architectures deal
only partially with the problem, since they are centered on a specific aspect like
the visualization of the VE [ITJI2] or the interaction devices and hardware [13].

Our approach to the definition of an architecture for IVETSs is based on the
agent paradigm. The rationale behind this choice is our belief that the design
of highly interactive IVETSs populated by intelligent and autonomous or semi-
autonomous entities, in addition to one or more avatars controlled by users,
requires higher level software abstractions. Objects and components are passive
software entities which are not able to exhibit the kind of proactivity and re-
activity that is required in highly interactive environments. Agents, moreover,
are less dependent on other components than objects. An agent that provides
a given service can be replaced by any other agent providing the same service,
or they can even coexist. New agents can be added dynamically providing new
functionalities. Extensibility is one of the most powerful features of agent-based
systems. The way in which agents are designed make them also easier to be
reused than objects.

Since an IVET can be seen as a special kind of ITS, and the pedagogical
agent in an IVET can be seen as an embodiment of the tutoring module of an
ITS, our first approach towards defining an standard architecture for IVETSs was
to define an agent for each of the four modules of the generic architecture of an
ITS [ (see Fig. ).

The ITS architecture, however, does not fit well with the requirements of
IVETS in several aspects:

— IVETs are usually populated by more than one student, and they are fre-
quently used for team training. An ITS is intended to adapt the teaching
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Tutoring M.

Communication M.

% Student

Fig. 1. Architecture of an ITS

and learning process to the needs of every individual student, but they are
supposed to interact with the system one at a time. However, in a multi-
student IVET, the system has to adapt both to the characteristics of each
individual student and to the characteristics of the team. Consequently, the
student module should model the knowledge of each individual student but
also the collective knowledge of the team.

— The student is not really out of the limits of the ITS, but immersed in
it. The student interacts with the IVET by manipulating an avatar within
the IVET, possibly using complex virtual reality devices. Furthermore, each
student has a different view of the VE depending on their location within it.

— The communication module in an ITS is usually realized by means of a GUI
or a natural language interface that allows the student to communicate with
the system. It would be quite intuitive to consider that the 3D graphical
model is the communication module of an IVET. However, there is a funda-
mental difference among them: in an IVET, the learning goals are directly
related to the manipulation and interaction with the 3D environment, while
the communication module of a classical ITS is just a means, not an end.
Therefore, the ITS needs to have explicit knowledge about the 3D VE, its
state, and the possibilities of interaction within it.

As a first step we decided to modify and extend the ITS architecture by
considering some additional modules. First of all, we split the communication
module into a set of different views for all the students with a particular com-
munication thread for each student, and a centralized communication module to
integrate the different communication threads. Then, we added a world module,
which contains geometrical and semantic information about the 3D graphical
representation of the VE and its inhabitants, as well as information about the
interaction possibilities. The tutoring module is unique to be able to make deci-
sions that affect all the students, as well as specific tutoring decisions for a certain
student. The expert module contains all the necessary data and inference rules to
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maintain a simulation of the behavior of the system that is represented through
the VE (e.g. the behavior of a nuclear power plant). The student module, finally,
maintains an individual model for each student as well as a model of the team.

3 An Agent-Based Architecture for IVETSs

Taking the extended architecture described in the previous section as a starting
point, the next step is to decide which software agents are necessary to transform
this component-oriented architecture into an agent-oriented architecture, which
has been designed using the GATA methodology [14]. In this methodology, the
authors suggest the use of the organizational metaphor to design the system
architecture, which basically consists of analyzing the real-world organization
in order to emulate its structure. It is mentioned that this approach does not
always work (depending on particular organization conditions), but in this case,
considering the extended architecture of an ITS as the real world, it seems quite
appropriate to imitate its structure to develop the system architecture.

Figure [2 shows how the extended ITS architecture is transformed, from a
modular point of view, into an agent-based architecture. It has five agents cor-
responding to the five key modules of the extended ITS architecture:

— A Communication Agent

— A Student Modelling Agent
— A World Agent

— An Expert Agent

— A Tutoring Agent

Analyzing the responsibilities of these agents, some additional roles can be
identified that point to the creation of new, subordinate agents that can carry
them out, subsequently giving rise to a hierarchical multi-agent architecture.

3.1 Central Communication Agent

The Central Communication Agent is responsible for the communication be-
tween the Virtual Environment and the Tutoring System. It delegates part of its
responsibilities to a set of Individual Communication Agents dedicated to each
student. There is also a Connection Manager Agent, which is responsible for
coordinating the connections of the students to the system, and a set of Device
Agents in charge of managing the data provided by the devices the students use
to interact with the Virtual Environment.

3.2 Student Modelling Agent

This agent is in charge of maintaining a model of each student, including personal
information, their actions in training sessions, and a model of the students’
knowledge.
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Tutorir
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Fig. 2. Agent-based architecture

Figuring out the student’s abilities and beliefs/knowledge is usually not a
trivial issue. To better individualize training and appropriately understand the
student’s behavior, a representation of some of its personal features (personality
traits, mood, attitudes,...) is defined and maintained. To do this, the Student
Modelling Agent is assisted by:

— A Historic Agent, which is responsible for registering the history of interac-
tions among the students and the system.

— A Psychological Agent, which is responsible for building a psychological pro-
file of each student including their learning style, attentiveness, and other
personality traits, moods and emotions that may be interesting for adapting
the teaching process.

— A Knowledge Modelling Agent, which is responsible for building a model of
the student’s current knowledge and its evolution.
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— A Cognitive Diagnostic Agent, which is responsible for trying to determine
the causes of the student’s mistakes.

3.3 World Agent

The World Agent is in charge of maintaining a coherent model of the VE, so
that all the agents and students have the same information about the state of
the world.

The World Agent is related to:

— The 3D Geometrical Information Agent which has geometrical information
on the objects and the inhabitants of the world. Among other responsibilities,
this agent will answer questions about the location of the objects.

— The Objects and Inhabitants Information Agent, which has semantic knowl-
edge about the objects and the inhabitants of the world. This agent will be
able to answer questions about the utility of the objects or the objects being
carried by a student.

— The Interaction Agent, which has knowledge about the possible actions that
the students can perform in the environment and the effects of these actions.
It will be able to answer questions like ”What will it happen if I push this
button?”

— The Path-Planning Agent, which is capable of finding paths to reach a des-
tination point in the environment avoiding collisions with other inhabitants
and objects. For the purpose of finding these paths, the A* algorithm will
be applied to a graph model of the environment.

3.4 Expert Agent

The expert agent contains the expert knowledge about the environment that is
being simulated, as well as the expert knowledge necessary to solve the problems
posed to the student and to reach the desired goals. Most of the activities to be
executed by the students consist of finding an appropriate sequence of actions,
or plan, to go from an initial state of the environment to a desired final state.
These actions have to be executed by the team of students. The Expert Agent
delegates some of its responsibilities to a Simulation Agent, that contains the
knowledge about the simulated system, and a Planning Agent, that is able to
find the best sequence of actions to solve different activities.

The plan for an activity is worked out by the Planning Agent with the col-
laboration of three other agents:

— The Path-Planning Agent can determine whether there is a trajectory from
a certain point of the world to another one.

— The Interaction Agent provides information about the actions that a student
can directly execute in the environment.
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— The Simulation Agent provides information about some high-level actions
that can be executed over the simulated system (e.g., a nuclear power plant).
One of these high-level actions will typically require the execution of one or
more student’s actions; therefore, a hierarchical planning will be performed.
In the nuclear power plant domain, an example of a high-level action may be
to raise the reactor’s temperature. This high-level action would be decom-
posed into two student actions, go to the control panel and press the button
that closes the input water valve.

3.5 Tutoring Agent

It is responsible for proposing activities to the students, monitoring their actions
in the virtual environment, checking if they are valid or not with respect to
the plan worked out by the Expert Agent, and making tutoring decisions. The
activities that can be proposed by the Tutoring Agent are dependent on the
particular environment that is being simulated in the IVET, and they can be
defined by means of an authoring tool. Some XML files will define the activities
in the IVET, the characters that should take part in them and the role to be
performed by each character.

The adaptation of the tutoring strategy to every particular student may also
encompass how the virtual tutor will behave: a student may need a tutor with
a particular character (e.g., training children may require a funny, enthusiastic
tutor, while for training nuclear power plant operators a more serious one will be
more convenient), or with a specific mood (e.g., if a student does not pay much
attention to the procedure for long, a disgusted tutor may be effective). Poor or
upsetting tutor behaviors will lead to a lack of believability, possibly reducing
the student’s feeling of presence and therefore the effectiveness of the training.

The Tutoring Agent is assisted by a Curriculum Agent, which has knowledge
of the curricular structure of the subject matter, and several Tutoring Strategy
Agents, which implement different tutoring strategies.

3.6 Communication with the Virtual Environment

Currently, the proposed architecture has been implemented using JADE (Java
Agent DEvelopment Framework), while the VE has been built using C++ and
OpenGL. The communication between the agents and the VE is made using a
CORBA middleware, which has allowed us to distribute the different elements
of the training application in different machines (see Fig. [3).

When the application is started, a few general-purpose objects are created
that allow the communication of events that affect all users. In addition, when
a student connects to a training session, some specifical objects are created, too,
so that the communication that only affects that student can be carried out.
Every time a message has to be sent from the VE to JADE, the appropriate
object receives the information that has to be transmitted.

Some information has to be exchanged between the different VE clients that
correspond to each student, such as changes in the positions of the avatars and
objects. Microsoft’s DirectPlay library has been used with this purpose.
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CORBA
Name Server

! ]

ORB (CORBA)

DirectPlay g

Fig.3. CORBA communication architecture

4 Authoring Tool

The architecture that has been described in the previous sections has allowed
us to build a basic infrastructure of agents that work as a runtime engine. One
of the main goals of this architecture is for it to be flexible enough, so it can
be used for different kinds of training in heterogeneous environments without
having to extensively modify it.

This can be done by changing the knowledge and goals that the agents have
according to the different training needs. To ease this task, an authoring tool
has been developed to help human tutors to design new training courses.

The authoring tool allows the human tutor to load an existing 3D environ-
ment in which the training process will take place. This environment is typically
created using 3DStudio Max or a similar application, and is then exported to
the format that has been created for the MAEVIF system. A script has been
created to be used with 3DStudio with this purpose.

The human tutor can then select the objects with which the students will be
able to interact, and he can define the different actions that can be carried out
with each object (e.g. take, drop, use, open, put on...) and all the aspects related
to those actions (e.g. pre-conditions, post-conditions, parameters, animations
that must be triggered...). These actions are stored in an xml file that is read
by the appropriate agents when a training scenario of the MAEVIF system is
started.
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Subsequently, the author can create new training activities. To do this, he
has to decide how many students have to take part in the activity, what their
initial positions are in the virtual environment, what goals they must achieve,
and the initial state of the world. This information is also stored in an xml file
that is read by the Tutoring agent when a training scenario is started.

In turn, some variables of the initial state will be generated randomly every
time the students have to train the activity, so that they can solve the same
problem starting from different situations.

The authoring tool also generates the world map that is used by the A*
algorithm for the path-planning task. To do this, all the objects that are present
in the VE are projected on the floor of the scenario, which is divided in cells.
All the cells are marked as occupied by an object or free, and these free cells are
used by the A* algorithm to calculate the best route between two points.

As a prototype application of our tool we have developed a training system
for Nuclear Power Plants operators. We had previously developed this system
from scratch in 1999, during a one year period. The re-development using our
infrastructure has just taken a few weeks, and the achieved functionality is su-
perior. For instance, the previous implementation was for a single user, the tutor
was not embodied, and the communication tutor-student was restricted to cor-
rection feedback.

5 Discussion

All along the design and development of the described architecture, one of the
aspects that has had a bigger impact on it has been the planning process, since,
due to the fact that it is a collaborative process, a change in the planning method
or in the way that knowledge is represented may imply changes in all the agents
that take part in it. At the beginning, a simple STRIPS (STanford Research
Institute Problem Solver) planner [15] was implemented, but we are currently
working on the utilization of a new planner based on SHOP2 (Simple Hierarchical
Ordered Planner 2) [16] or LPG (Local search in Planning Graphs) [17]. This
change involves the substitution of the planning agent, but it may cause changes
in the Interaction, Simulation and Path-Planning agents, which also take part
in the planning task.

However, there are two factors that suggest that collaborative planning is the
adequate solution. The first one is the fact that, given a planning algorithm, our
solution allows for the real-time inclusion of new agents with different knowledge
that can help to solve a problem. In addition, a careful design of the operators
and their responsibilities can minimize the impact of a change in the planning
algorithm or in the knowledge representation.

Another aspect we have tested is how easy it is to add new functionality
to the IVET. To do this, we have added an embodied tutor whose goal is to
observe what happens in the VE and follow the student to supervise him. It has
been necessary to add two new agents, namely the Virtual Tutor agent, whose
responsibility is to control the 3D representation of the tutor (its embodiment),
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and the Perception agent, who is in charge of monitoring the events of the virtual
world. Both of them are under the supervision of the World agent.

It has been quite easy to make these changes, since the Perception agent
can ask the World agent for the information it needs and, according to this
information, the Virtual Tutor agent can decide how to follow the student and
send commands to its 3D representation through the communication agents.
Neither the World agent nor the Communication agent have needed further
changes.

Finally, we have tested the difficulty of using the described system in a com-
pletely different environment, and even with a different purpose. We have de-
signed an experiment where a group of zebras have to drink water in a river,
trying to avoid being eaten by a lion, but also trying not to die of thirst. In this
case, the Perception and Virtual Tutor agents are in charge of controlling the
zebras and lions, and the Tutoring agent is responsible for deciding what to do
according to their state of thirst and hunger, assisted by the Planning agent.
Some of the existing agents, such as the Simulation agent, have been removed,
since their functionality was not required. However, some of the agents play a
role that is significantly different than the one they were originally thought to
play, so if they are to be used in such a way, the architecture will probably have
to be modified.

As a result, we can conclude that the architecture has successfully supported
the experiments, and has proven to be flexible and extensible enough to allow
changes and extensions without having to be redesigned.

5.1 Performance Issues

Performance is always an important issue in applications where real-time ex-
ecution is needed, and agent-based architectures tend to easily raise concerns
about this matter. Using an individual agent for each high-level responsibility
may seem an unnecessary waste of processing capacity.

Even though our main concern were the software engineering issues, such as
extensibility and reusability, we have devoted some effort to identify bottlenecks
in terms of performance, given that the architecture will be useless if it can be
used due to performance issues.

Three potential sources of problems have been identified: rendering, commu-
nications and agent platform, and they have been tested using different config-
urations (vg. agent platform running in one machine, one VE running in one
machine, agent platform and one VE running in one machine, agent platform
running in one machine and several VEs running in different machines). The
results we have obtained show that the architecture does not influence much the
performance of the system.

In contrast, it seems to be the network communication what lowers the exe-
cution speed, and the more students there are, the slower the application runs.
This effect can be appreciated since the first student connects to the training ses-
sion, which is leading us to redesign the communication mechanism to improve
this aspect.
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6 How the System Works

In this section, a sample training session with one student will be presented. The
student is a maintenance operator in a Nuclear Power Plant who has to learn
how to change a filter that divides two sections of a pipe.

During the training, when an activity is posed to the student, the Planning
agent builds the plan that leads to the resolution of the activity, given the initial
state at that moment and the desired final state of the world. Moreover, during
the planning process, the Path-Planning agent computes the ideal trajectories
through the geometric representation of the environment that the students must
follow to accomplish the plan.

In order to learn this activity, the student must carry it out in the virtual
environment. Not knowing what to do, the student uses a voice recognition
system to ask the tutor “What should I do now?” (the student can ask some
other questions, such as “What is this for?”, “What happens if I...?”, “What
should I have done?”). The question is sent to the tutoring system, and the
Tutoring agent identifies it is a question he is in charge to answer. He asks the
Planning agent for the next action in the plan, builds the answer and sends it
to the student who, through a text-to-speech application, hears the tutor saying
“You have to remove the filter”.

The student tries to carry out the action remove filter. To do it, using a data
glove, he touches the filter to select it and says “remove”. When this happens, the
Individual Communication agent associated with the student receives a message
and informs about this attempt to the Central Communication agent; eventually,
the message is delivered to the Tutoring agent.

Now, the Tutoring agent needs to find out whether the action can be executed
under the current conditions in the virtual world, that is, if the preconditions of
the action hold. For that, the Tutoring agent resorts to the Interaction agent,
since remove filter is an action in this level of abstraction. The Interaction Agent
determines that he needs to check whether the student’s avatar is close enough
to the filter and if he is carrying the appropriate tools in order to remove it.
To check these preconditions, the Interaction agent writes them in a blackboard
that is used as a communication mechanism between agents. The 3D Geometri-
cal Information agent and the Objects and Inhabitants Information agent read
the blackboard and see there are preconditions they are able to check. Each
precondition corresponds to one and only one of the aforementioned agents.

If all the preconditions of the action hold, the Interaction agent must guar-
antee the execution of the consequences of the action. For that, it may need to
delegate some responsibilities on other agents, such as the World agent and the
Simulation agent, using the blackboard again as a communication mechanism.
One of the consequences, managed by the Interaction Agent itself, will be launch-
ing a 3D animation in the virtual world that represents the student removing
the filter. The command is sent to the VE via the Communication agents (in
case there are several students, this message is sent to all the students, since all
the students should see the animation).
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Fig.4. The MAEVIF system

When the Tutoring agent receives the result of verifying the preconditions
of the action from the Interaction agent, it asks the Student Modelling agent to
register the action and the result of the verification, and it checks whether the
executed action is valid with respect to the plan associated with the activity. If
this action is the next correct action according to the plan, the Tutoring Agent
asks the Student Modelling agent to register that the student has carried out the
correct action. Otherwise, the Tutoring agent allows the student to go on in spite
of having executed an incorrect action. This strategy poses a new problem, since
the Tutoring Agent needs to know whether the desired final state is reachable
from the current state of the world. To find this out, the Planning agent must
be endowed with the capacity of re-planning.

The movements of the student in the virtual world are considered a special
kind of action that is managed in a different manner to the one explained above.
As the student moves through the environment, the Central Communication
agent informs the 3D Geometrical Information Agent of the new student’s posi-
tions. At the same time, the Tutoring agent asks the 3D Geometrical Information
agent for these positions, in order to compare them with the trajectory provided
by the Path-Planning agent, and to inform the Student Modelling agent so that
it can store the trajectory followed by the student during the training session.
As a result of the comparison between the ideal trajectory and the student’s
trajectory, a quality measure of the student’s trajectory is calculated by the
Path-Planning agent and then stored by the Student Modelling agent.

All through the training, the virtual tutor, controlled by the Virtual Tutor
agent, follows the student in order to supervise his actions and correct them.
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7 Future Work

As it has been mentioned previously, one of the elements that can affect more
deeply the system architecture is the planning process. In addition, the STRIPS
planning algorithm has been used as a testbed for the Planning Agent, but it
lacks a lot of features that would be desirable in an IVET, such as arithmetic
operations or concurrent actions. Therefore, other planning algorithms are being
evaluated, because of their improved functionality, but also to test their impact
in the system architecture.

Another research is being carried out in parallel to design an architecture for
the cognition of intelligent agents, with reactive, deliberative and social capabil-
ities, and it is planned to use that architecture for the Virtual Tutor and any
other cognitive agents that may be required (such as zebras, lions or simulated
students).

It is mainly in the context of nuclear power plants where we have been
applying our prototypes. Up to now, the Simulation agent hasn’t played a very
active role. Therefore, we are in the process of applying the system to other
environments where the simulation agent is more complex, so that it can be
tested whether its design is adequate or it needs to be modified.

Finally, the Student Modelling group of agents have been subject to less
experimentation than the rest, since its behaviour is quite complex from the
pedagogical point of view. Therefore, a research line has been established to
fully understand its implications and to modify the architecture where needed.
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Abstract. This paper presents a competitive, educational, novel multi-user
game that involves two groups of human users and a single virtual character.
Within this game, it pays for the users to create social bounds with the virtual
character, and to adapt the natural language, typed input to the limited natural
language processing faculties of the agent. We expect that the socially complex
scenario will enhance learning pleasure and efficiency. The game also aims at
clarifying educational, technological and conceptual problems related to the
creation of social bounds with virtual agents, and to the use of natural language
in this context. Specifically, this game is an environment where the concept of a
rationally profitable social relationship with a virtual agent can be examined.

1 Introduction

This paper presents a competitive, educational, novel multi-user edutainment game
that involves two groups of human users and a single virtual character'. Within this
game, it pays off for the users to create social bounds with the single virtual character,
and to adapt the natural language, typed input to the limited NLP faculties of the vir-
tual agent. We expect that this socially complex scenario involving team cooperation,
competition and game will enhance learning pleasure, motivation and efficiency. In
particular, we expect that the presence of a virtual character with which it is profitable
to create social bounds and that needs care will trigger positive learning effects.

The proposed scenario delivers clear reasons for human/human and human/virtual-
human collaboration — both collaboration types are useful in order to win the game.
The human/virtual-human collaboration shall be motivating, engaging and funny, but
it also enables to dwell with an additional channel on the learning content.

The game also aims at clarifying educational, technological and conceptual prob-
lems related to the creation of social bounds with virtual human-like agents, and to the
use of natural language in this context. More specifically, we want to study the con-
cept of profit in interactions with a virtual character. The application presented in this
paper shall foster our understanding of intelligent virtual characters in situations
where there are strategically rational reasons for the user to pay attention to the moods
and wants of the intelligent agent. We expect that fun and motivation will last longer

! “Virtual character” and “intelligent agent” are used synonymously in this paper.

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 15— 2005.
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if they are grounded in utility, even if artificially as part of a game. Coping with the
virtual character’s peculiarities and establishing social bounds with it thus become
part of the challenge of the game. Many edutainment and entertainment applications
could be conceived from this starting point: The focus need not be in human-like
behavior of virtual characters; rather, the focus can be on the human-like situation
where it is profitable to adapt to the social expectancies and emotional peculiarities
of the (virtual) other.

This is the central interaction concept of the game, concerning the communication
with the virtual agent, which we call Capricious Non-Player Character, or CNPC: The
efforts of emotional, social and linguistic interaction with a virtual character shall
remunerate. This much differs from the concept of a virtual character as assistant,
which won’t normally deny its help on personal reasons, and from virtual characters
as actors that try to be believable — the CNPC must be understandable, rather than
believable, in order for the player to be able to endear and manipulate it. A real life
analogy is provided by obvious rationality that lies in the establishment of an agree-
able emotional atmosphere in a business meeting that shall result in a profitable
contract.

This implies that a virtual character must

possess resources that it controls and also retains;

that these resources are desirable to the user, and

3. that through skilful social and emotional interaction, the user can obtain these re-
sources.

N =

Thus, interaction with a virtual character is most entertaining and most useful not
necessarily if its psychological model or its NLP is accurate, but if it pays off for the
user to maintain a successful interaction. This much simplifies the Herculean tasks of
NLP and psychological and cognitive modeling:

In short, we expect that

1. the creation of social bounds with Intelligent Virtual Agents as learning compan-
ions can foster the learning experience;

2. interaction through (typed) natural language is useful, provided that it is possible
and pays for the user to adapt his language use to the limited faculties of the sys-
tem,;

3. emotional expressions and models of virtual characters need not necessarily be
psychologically accurate, as long as the behavior patterns are understandable,
and as long as it pays for the user to understand those patterns and to stay tuned
to the emotions of the virtual companion.

The paragraphs that follow will explain the game and its technical and conceptual
starting points in more detail, and elaborate on these theses.

2 Related Work

The creation of social bounds with intelligent virtual agents was examined e.g. by
Cassell and Bickmore [1], with focus on small talk and increase in credibility through
it. Prendinger and Ishizuka [2], [3] have developed emotional agents and scripting
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languages for believable virtual agents with autonomous faculties. Paiva et al. [4]
have studied the context of empathy with agents and bullying, presenting concepts
that would allow for the creation of emphatic relations. Stonks et al. [5] have elabo-
rated on the prerequisites that would be necessary for the establishment of a friend-
ship between a human and a virtual human. These works did not address social
bounds and emotion from the game oriented, strategic point of view addressed in this
paper.

The effects of virtual characters on learning have been widely studied; a final con-
clusion is not possible yet. Vassileva’s and Okonkwo’s [6] studies suggest that the
effect on the direct influence of learning efficiency is small, but that effects on moti-
vation and enjoyment are very clear. A fierce advocate of games as the most natural
way of learning for young “digital natives” is Marc Prensky [7].

Chris Crawford [8] has already extensively elaborated on the idea that it is up to
the user to learn the language of the virtual character, and not the other way round, in
interactive storytelling. Turgel [9] has examined the context of interactive storytelling
and social bounds, but without entering into language issues.

3 The Rules of the Game

3.1 Idea of the Game

Ask&Answer is an educational, competitive game. Two teams of 2-8 participants play
over the network. A team scores when it knows the right answer to a question asked
by the system. Each participant has its own speech enabled avatar.

The answer is usually typed in with the keyboard. Any participant may post an an-
swer, but he risks negative scores for his team if the answer is wrong. Therefore, in
order to coordinate the answers, the participants can communicate through their ava-
tars. Avatars that are within a specific area, the territory of the group, can only be
heard by members of the group that are located within this area. The players are al-
lowed to use other material to find out the answers, e.g. textbooks. The exemplary
current domains of learning are history and geography.

/ / Where is Kazakhstan?

2101 x|

Talk to Assistont =

Fig. 1. Two teams confront each other, the CNPC is in-between. The right inner screen contains
a question (Java3D version).
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A most important participant in the game is the single CNPC. It knows every an-
swer to any question of the game — but it is capricious, and a team has to endear and
take care of this character to tease the knowledge out of it. If the team does not suc-
ceed, the character might refrain from cooperating, or even worse, it might leave the
neglecting team and change to the other team. The CNPC can only be heard by the
team it is near to.

Antwort:

Fig. 2. “Girlish” design of the Flash version of Ask&Answer, with Elvis playing the role of

CNPC
BIE Answer through > ( F'1
| 2 social relationship §
Player1 talking with CNPC )

Common
sirategy

e

Player2 searching for answer

Fig. 3. Acquiring the right answer implies team collaboration. Player] and Player2 have as-
sumed separate roles to acquire the correct answers. Here, Playerl is responsible for endearing
the CNPC.

Thus, this game involves social elements in a complex way:

1. members of a team have to cooperate to acquire knowledge and coordinate an-
swers, in order to defeat the other team;

2. ateam has to develop a common strategy on how to endear the CNPC, for exam-
ple by nominating a CNPC-officer to exploit this source of knowledge, and

3. the relationship to the CNPC is a social relation it pays off to maintain.
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3.2 The Peculiarities of the CNPC

The CNPC evaluates, based on the technical framework described below, whether it
“likes” the team it is interacting with. The current CNPC wants

to talk constantly;

to be praised for its vast knowledge;

not to be insulted;

to talk about certain themes, and not about others, and
to understand the user.

The emotions of the CNPC towards a team — its sympathy for this team— depends on the
fulfillment of these wants. If it is dissatisfied, it may leave the team he was talking to.

User behavior
G
)
JESS
W
Neutral position
Change position to ange posmon to

Ch
group 1 /\ \ group 2

Sympathy measurement

Fig. 4. The CNPC has the tendency to move to the adversary team, if it does not feel enough
sympathy

Now, using adapted social and linguistic skills when interacting with the virtual
characters is clearly beneficial for the player:

The CNPC possesses resources that the user wants, namely the right answers.
The user can access those resources through social interaction.

Attentiveness to the emotional state of the CNPC pays off, because its emo-
tions are indicators of how successful the user is being in acquiring the re-
source — a dissatisfied character may even change the team, causing the loss of
the resource.

It is beneficial for the user to adapt its language to the limited faculties of the
CNPC, because it tends to become dissatisfied when it does not understand.

If the themes the CNPC wants to speak about are chosen by the author to be those
relevant for the curriculum, important additional learning effects can be achieved,
since the conversation with the CNPC will be about things that have to be learnt.
Heuristics sum up the interaction and assign numeric values that are directly
mapped to the valence of the emotional state of the CNPC (i.e. positive or negative;
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the first version of Ask&Answer won’t consider directional aspects that would allow
to discriminate between e.g. “angry” and “sad”).
Further rules express

e that the CNPC will tend to join the team which promises the better emotional
outcome;

e that the CNPC will try out, more frequently at the beginning of the game than
later on, which team is the most agreeable for it, and

e that the CNPC prefers the company of the loosing team (this shall diminish a
bit its influence on the final outcome).

3.3 Playing the Game

Ask&Answer is a network game that starts with a registration of the players. Every
player sees the same, on his own screen, but only hears what his team members say
(they speak through their avatars and TTS). The team members only hear the CNPC if
it is in the territory of the group. Questions appear on a separate window. The CNPC
is aware of the question, but is reluctant to manipulate the game and has to be per-
suaded.

The teams now will start the quest for the correct answer, possibly employing the
internet. Any player of the team near the CNPC can talk to it. Currently, it only dis-
tinguishes between its sympathy to one of the two teams, not to particular players. If a
team has the correct answer — either by prior knowledge, through a hint of the CNPC,
or with the help of external material —, it may type it into the Q&A window. A correct
answer scores with 1 point, a wrong answer with -2 points. Thus, it is better to be
sure. In the current version of the game, the avatars of the users do not move around,
and are animated autonomously, without neither a deep linguistic nor an emotional
model.

The game ends after a fixed number of questions. It is a matter of difficult and still
ongoing balance to regulate the game such as that the best strategy for the players
consists in both consulting external knowledge sources and in endearing the CNPC.

4 Technology

Ask&Answer employs a client-server architecture. All of the Al, the TTS, and the
animation directions to the virtual environment lie on server-side. The main server
component is the Narrator. The client basically only translates XML directions from
the server into rendering.

The most important component of the game is the module which controls the be-
havior of the CNPC, the VirtualCharacter-Manager (VC-Manager). It is based on
rules expressed in the production system JESS?, and on some faculties of the chatter-
bot ALICE’ (the so called “reduction” functions) to process text input. Additionally, a
hierarchic transition network can be combined, in the same framework.

2 Cf. http://herzberg.ca.sandia.gov/jess/
* Cf. http://www.alicebot.org/
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AvatarHandler
JESS | ] |
AvatarHandler | | | |
- ALICE I:I

AvatarHandler Transition | |

MNetwork Frames
AvatarHandler Q&AManager VitualCharacterManager

Marrator

Fig. 5. The main modules on the server side, forming the Narrator

The main requirement was that the system should remain fairly easy to author and
allow for a visual authoring tool, because thematic experts and educators shall be able
to feed it. The current stage does not perform linguistically “deep” processing. Cur-
rent “deep” dialogue management systems produce either results that aren‘t funny
enough, too restricted to goal-oriented dialogues, or too difficult to author for a non-
expert. But the system presented here also contrasts with Mateas and Stern’s equally
“shallow” methods, because their orientation on the pragmatic dimension of speech
acts is not appropriate to cover educational themes, apart from the authoring complex-
ity of Facade (cf. [11]).

The goal here is not as ambitious as to create “realistic” conversations, which is
impossible with current technology. As stated in the introduction, this is happily no
prerequisite here. It suffices that the results of the dialogue management are sensible
enough for a player to learn to maintain a successful conversation, but not so simplis-
tic that no efforts are necessary and no mistakes can be made. The basic technological
concept consists in allowing the assignment of a separate JESS-production system (in
fact, of a separate engine of any kind that would decide on the activation of a state) to
any composite state S, and metadata to any composite or simple state inside state S;
the metadata then allows the rules to be applied to those inner states. The very same
composite or simple states can be connected to form a directed graph of a Harel State
Chart, a transition with Boolean value “true” having priority over any rule that could
apply to the currently active state.

The encapsulation of the production system into the composite state allows creat-
ing different behaviors for different thematic frames, e.g. the virtual character tries to
employ conciliation strategies if the user is insulting it, but attempts at a broad explo-
ration of the theme if it is chatting about the French Revolution with the user. When
located within the scope of a rule set, a composite state may be viewed as an arbitrary
hierarchical data structure that contains e.g. behavior directions for different situa-
tions. For example, a composite state C may be assigned to a certain question, a com-
posite state D inside C may contain a set of utterances to be used when the user asks
the same question repeatedly, and another composite state E inside C may contain
utterances that are employed to guide the user pro-actively to ask the right question.
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French Revolution

Fig. 6. Screenshot of the authoring tool “Cyranus”. Composite states are squares, simple states
circles. Note that only some states are connected by arrows. The screenshot represents part of a
composite state that defines the scope of the rules of a production system.

JESS is also responsible for other pro-active behavior and for controlling thematic
changes, i.e. it may allow or disallow that a behavior element of another thematic
frame be addressed by user input, or may initialize such a thematic change. For the-
matic orientation, a set of generic dialogue control phrases (“Let’s change the
theme!”) are available. User input, e.g. “I want to hear more about the French revolu-
tion”, can also be used to cause JESS rules to fire, employing the Q&A pattern
scheme described above (cf. [10] for some more details on the dialogue management
of the system).

The combination of the production system with the transition network allows to
model short predicable dialogue moves, e.g. “yes-no”-questions (‘“Are you sure that |
shall tell you again the year of the French Revolution?”), greetings, etc. Educators are
not expected to program; they use fixed rule sets, adapt parameters, and create the
composite states and short directed graph sequences, partly using prefabricated pat-
terns.

The Virtual Character-Manager allows to employ a main achievement of the freely
available chatterbot ALICE, namely the “reduction” mechanism, which groups utter-
ances into equivalence classes; thus, different text input can be easily recognized as
equivalent, with respect to the reaction of the system. Though ALICE’s approach is
“shallow”, both theoretically and in its NLP-processing accuracy, it is efficient and
able to produce funny and witty results and allows extending the data base gradually,
adapting to concrete interaction logs.

ALICE could not be used directly, because some essential features are missing:

e there is no serious mechanism to create pro-active behavior of the attached vir-
tual character; thus, with ALICE, the normal pattern consists of a single utter-
ance responding to a single input;

e there is little dialogue management in a more strict sense, i.e. management of
thematic changes, of utterance dependencies, repetitions, etc.;

e it is quite difficult to author ALICE (respectively AIML).
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The VC-Manager used for the first prototype of Ask&Answer aims at alleviating
those weaknesses of ALICE while reusing its reduction functions and obtaning the
means for funny and mostly sensible dialogues.

5 Implementation

Ask&Answer is completely implemented in Javal.4. As TTS, ATT Natural Voices is
employed. The complete Al and speech technology resides on server side, the client
being merely responsible for displaying. A Java3D viewer is already available, based
on Sun’s Webstart. A Flash version of the viewer is under development. The software
basis was partly developed within the EC-project art-E-fact'(cf. [10]).

6 Conclusion

We have presented an edutainment game with a complex social setting. A player of
this game has a clear profit from maintaining a social relation with the virtual charac-
ter; this includes adapting the language to its limited faculties and paying attention to
its wants and its emotions. This will allow us to understand the design and the proper-
ties of social and emotional virtual agents that do not have their focus on believability
or human-likeness, but that are mainly disposers of resources that a user wants to
acquire through the social relation, in an edutainment or entertainment application.

Ask&Answer shall later become a single chapter (or level) of a more complex
story that exploits the ideas of creating social bounds and mutual dependencies of
humans and virtual humans within an educational, narrative game. The move of
assigning parts to other dramatic persons, e.g. to an antagonist, is currently being
considered.

Certainly, CNPCs are first of all designed for applications which take entertainment
aspects seriously. The lessons learnt with CNPCs in Ask&Answer shall also meet in
novel interactive, purely narrative systems that do not possess similar, secondary
educational goals (cf. [12] for more details). These systems shall emphasize on a
“capricious” virtual protagonist that the user has to console and assist, when it is ex-
posed to dramatic stakes; this constellation is expected to deepen the user’s experi-
ence and psychological understanding of the situation of the dramatic persons of a
narration.
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Abstract. In contrast to the variety of listening behaviors produced in human-
to-human interaction, most virtual agents sit or stand passively when a user
speaks. This is a reflection of the fact that although the correct responsive be-
havior of a listener during a conversation is often related to the semantics, the
state of current speech understanding technology is such that semantic informa-
tion is unavailable until after an utterance is complete. This paper will illustrate
that appropriate listening behavior can also be generated by other features of a
speaker’s behavior that are available in real time such as speech quality, posture
shifts and head movements. This paper presents a mapping from these real-time
obtainable features of a human speaker to agent listening behaviors.

1 Introduction

Have you ever presented in front of an unresponsive audience? Audiences that fail to
react during a speech can negatively impact a speaker’s performance, increasing cog-
nitive load, raising doubts and breaking the speaker's rhythm. Not surprisingly, public
speaking instructors often recommend that a speaker ignore unresponsive listeners.
Listener behavior also has a critical impact in dyadic conversations (Warner 1996;
Bernieri 1999; Lakin, Jefferis et al. 2003).

Similar effects have been demonstrated when people speak to virtual humans or
avatars. As with human listeners, unresponsive virtual listeners can interfere with a
speaker's cognitive processes. Worse, static characters can lead to a host of negative
effects: Observers are more likely to criticize the quality of the graphics, they may
feel less immersed, and they frequently form incorrect interpretations of the situation.
For example, the authors of this paper have found in their own work that, in the con-
text of highly emotional virtual scenarios, the lack of listener behavior can lead ob-
servers to read emotions into the virtual human's static behavior ("He must be really
pissed.").

In the face of the important role that listener behavior plays, virtual human design-
ers are faced with a basic dilemma. Most automated speech recognition (ASR) tech-
nologies used in virtual human systems do not give an interpretation of the speaker's
utterance until the speaker is finished. There are no ongoing partial interpretations.
Therefore a listening virtual human cannot respond to what the speaker is saying as
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they speak. Rather, designers are forced to use simple behaviors at the start and end of
an utterance (e.g., gaze or head nods), incorporate random (or “idle-time”) listening
behaviors, or more commonly have often ignored modeling listening behavior com-
pletely, instead focusing more on behavior of the agent while talking. Unfortunately,
such design choices can be distracting or misread by the human participants.

The situation is not, however, as bleak as it may seem. The literature on human-
human communication makes clear that there are solid correlations of listener behav-
ior with various physical properties of the speaker's behavior, such as the speaker's
nonverbal movement, the amplitude and pitch of the speech signal and key utterances.
This suggests an approach to listening behavior that works in parallel with speech
recognition. Namely, extracting information from the speech signal and physical
movements of the human speaker that informs listener behavior as ASR is still proc-
essing the signal.

In this paper, we present such a system. After reviewing related work, we start by
discussing the literature on listening behavior and how that literature informs our
rules to drive virtual human listening behavior. The system we implemented is then
detailed. Finally, we discuss our thoughts on evaluating the approach and present a
preliminary evaluation.

2 Related ECA Research

The creation of human-appearing intelligent agents is an active area of computer
science research. Known as embodied conversational agents (ECAs) or virtual hu-
mans, such systems allow humans to engage in face-to-face conversation with syn-
thetic people, and attempt to model the full richness of such interactions including
natural language communication, gestures, emotional expression, as well as the cogni-
tive apparatus that underlies these capabilities (Cassell, Sullivan et al. 2000; Gratch,
Rickel et al. 2002).

When it comes to conversational gestures, most virtual human research has focused
on gestures related to speech production. Rea, for example, acts as a real estate agent
(Cassell, Bickmore et al. 2000) and incorporates the Behavior Expression Animation
Toolkit (BEAT) to automatically annotate virtual human speech with hand gestures,
eye gaze, eyebrow movement, and intonation.

Some work has attempted to extract extra-linguistic features of a speakers’ behav-
ior, but not for the purpose of informing listening behaviors. For example, Brand’s
voice puppetry work attempts to learn a mapping between acoustic features and facial
configurations to drive a virtual puppet with the speaker’s voice. Several systems
have attempted to recognize speaker gestures, though typically to help disambiguate
speaker intent, as in “go that way [pointing left]”. Such techniques could be repur-
posed to inform the present work.

Most virtual human systems have rudimentary listening behaviors triggered by the
start and end of user speech. For example, the Mission Rehearsal Exercise system
detects when a user begins speaking and orients its gaze towards the user for the dura-
tion of their speech, then looks away as it prepares to respond (Marsella, Gratch et al.
2003). These behaviors are typically fixed, however, and are not sensitive to the
user’s behavior during his or her utterance.
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A few systems can condition their listening responses to features of the user’s
speech, though typically this feedback occurs only after an utterance is complete. For
example, Neurobaby analyzes speech intonation and uses the extracted features to
trigger emotional displays (Tosa 1993). More recently, Breazeal’s Kismet system
extracts emotional qualities in the user’s speech (Breazeal and Aryananda 2002).
Whenever the speech recognizer detects a pause in the speech, the previous utterance
is classified (within one or two seconds) as indicating approval, an attentional bid, a
prohibition, soothing or neutral. This is combined with Kismet’s current emotional
state to determine a facial expression and head posture. People who interact with
Kismet often produce several utterances in succession, thus this approach is sufficient
to provide a convincing illusion of real-time feedback.

Only a small number of systems have attempted to provide listening feedback dur-
ing a user’s utterance, and these methods have used only simple features of the
speaker’s behavior. For example, REA will execute a head nod or paraverbal (e.g.
say “mm-hum”) if the user pauses in mid-utterance for less than 500 milliseconds
(Cassell, Bickmore et al. 1999). In contrast, a review of the psycholinguistic literature
suggests that many other speaker behaviors are correlated with listener feedback and
could be readily exploited by virtual characters.

3 Behavior of Human Listeners

The psycholinguistic literature has identified a variety of behaviors that listeners per-
form when in a conversation. Of course, many listener behaviors provide feedback
about the semantic content the speaker’s speech, but a large class of behaviors appear
unrelated to specific meaning. Rather, these behaviors seem to trigger off of non-
semantic features of the speaker’s presentation, may precede complete understanding
of the speech content, and are often generated without the listener or speaker’s con-
scious awareness. Nonetheless, such behaviors can significantly influence the flow of
a conversation and the impressions and feelings of the participants.

Here we review some of these behaviors, the circumstances that trigger their pro-
duction and their hypothesized influence on the interaction. From this literature we
extract a small number of simple rules that a listening agent could possibly utilize to
drive its behavior.

3.1 Backchannel Continuers

Listeners frequently nod and utter paraverbals such as “uh-huh” and “mm-hmm” as
someone is speaking. Within the psycholinguistic literature, such behaviors are re-
ferred to as backchannel continuers and are considered as a signal to the speaker that
the communication is working and that they should continue speaking (Yngve 1970).
Several researchers have developed models to predict when such feedback occurs.
Cathcart, Carletta et al. (2003) propose a model based on pause duration and trigram
part-of-speech frequency. According to the model of Ward and Tsukahara (2000),
backchannel continuers are associated with a lowering of pitch over some interval.
Cassell (2000) argues that head nod’s could result from the raised voice of the
speaker. The approaches of Ward and Cassell are more amenable to a real-time treat-
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ment as they are based purely on simple properties of the audio signal, so we will
adopt these methods for developing behavior mapping rules:

Rule-1: Lowering of pitch in speech signal — head nod
Rule-2: Raised loudness in speech signal — head nod

3.2 Disfluency

Spoken language often contains repetition, spurious words, pauses and filled pauses
(e.g., ehm, um, un). Such disfluency is viewed as a signal to the listener that the
speaker is experiencing processing problems or experiencing high cognitive load
(Clark and Wasow 1998) and frequently elicit “take your time” feedback from the
listener (Ward and Tsukahara 2000). According to own video analysis, rather than
nodding or uttering sounds as in backchannel continuers, listeners tended to perform
posture shifts, gaze shifts or frowns in response to disfluency. The presumed meaning
of such a posture shift is the listener is telling the speaker to take his time (Cassell
2000). It should be possible to detect disfluency in the audio signal and this leads to
the following behavior mapping rule:

Rule-3: Disfluency in speech signal — Posture Shift / Gaze shift / Frown

3.3 Mimicry

Listeners often mimic behavior of a speaker during a conversation. Although they are
not necessarily aware of doing it, people in a conversation will adjust the rhythm of
speech, their body posture and even their breathing to each other (Warner 1996;
McFarland 2001; Lakin, Jefferis et al. 2003). Mimicry, when not exaggerated to the
point of mocking, has a variety of positive influences on the interactants. Speakers
who are mimicked are more helpful and generous toward the listener (Van baaren,
Holland et al. 2004). Mimicry can result in the perception of a pleasant, natural con-
versation (Warner, Malloy et al. 1987). It may also be important in synchronizing
conversational flow, for example, by providing expectations on when a speaker can
be interrupted. Given such influences, many of the agent’s listening behaviors should
mimic aspects of the speaker’s behavior.

One salient speaker behavior is shifts in posture. When a speaker shifts her posture,
for example by changing her weight distribution from one leg to another, or by fold-
ing her arms, this is often mirrored by the listener. Such posture shifts, both for
speakers and listeners, tend to occur at discourse segment boundaries and may func-
tion to help manage such transitions (Cassell, Nakano et al. 2001). When present,
such mimicry has been shown to positively influence the emotional state of the
speaker (Van baaren, Holland et al. 2004). This suggests that a listening agent should
detect posture shifts and mimic the resulting posture:

Rule-4: Speaker shifts posture — Mimic Posture

Gaze is also an important aspect of a speaker’s behavior. Speakers will often gaze
away from the listener, for example, when mentioning a concrete object within his
vicinity, he will often look at it. When this lasts for a certain amount time, the listener
could mimic this by looking in the same direction.
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Rule-5: Speaker gazes away for longer period — Mimic Gaze

Listeners will frequently mimic the head gestures of a speaker. If a speaker shakes
or nods his head, listeners may repeat this gesture. Although this may simply reflect
an understanding and agreement with the speaker’s utterance, many of us have proba-
bly been in conversations where such gestures were produced without any real under-
standing. In any event, an agent can easily mimic such gestures without explicit un-
derstanding. This leads to the following mimicry rule:

Rule-6: Speaker nods or shakes head — Mimic Head Gesture

3.4 Other External Influences

Obviously, such rules are an oversimplification of the factors that mediate human
behavior. Many factors influence the occurrence of gestures during a conversation.
For example, listeners frequently mimic the facial expression of speakers and this
apparently plays an important role in the perception of empathy (Sonnby-Borgstrom,
Jonsson et al. 2003). Individuals also differ in their response to the same speech based
on a variety of dispositional and situational factors. There are people who almost do
not gesture at all and there are people who gesture like it is a workout. Often, this is
related to the speaker’s emotions during the conversation. For example, people tend
to gesture more when excited and less when sad. Also, the relation of the two people
is of importance. People tend to gesture remarkably more when they talk to a friend
then when they are talking to a complete stranger (Welji and Duncan 2004).

Thus, the mapping presented here is not a complete coverage of all gestures that at
all times are accompanied by the certain speech features, but could be sufficient to
increase the perceived authenticity of the conversation.

4 Real-Time Classification of Speaker Behavior

We implement the behavior rules listed above by detecting the various implicated
aspects of the speaker’s behavior. As such listening behaviors occur within utterances,
this imposes strong real-time requirements on what features can be reasonably ex-
tracted given the limits of current technology. Here we describe the implementation
of feature detectors that support the behavioral rules listed above.

There are two ways to determine physical features from a human in real time: im-
age analysis or using 3d-trackers. Image analysis consists of recording the human
with a camera and analyzing the data from the camera. The advantage of this method
is that the complete human is visible and thus in theory all information could be ex-
tracted (with two or more cameras it might even be possible to get a 3D-image from
the human). The disadvantages however are that it is computationally intensive and it
is much work to create such a system from scratch.

In contrast to the image analysis method, there are tracker devices that can detect
position and orientation with a high degree of accuracy. The advantage of using
trackers is that they are fast and are not as computationally intensive as image analy-
sis. The major drawback is that the trackers need to be set up and are only operational
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1: Calibration state.
2: Head stationary.

3: Horizontal rotation. If follows
state 4 or 5, report a shake.

: Head looks right
: Head looks left

. Vertical rotation. If follows
state 7 or 8, report a nod.

AN W A~

~

: Head looks up
8: Head looks down

9: No move for T seconds. Re-
port a gaze.

Fig. 1. State machine for detecting head gestures. dx (dy) denotes horizontal (vertical) rotation,
0 is a distance and T a time threshold.

in a limited area. In addition to this, when using a tracker, only the point of the tracker
is known and no other parts of the human body.

For this research however, a space was available where a tracker device was al-
ready operational and thus this device has been used to extract the physical features of
the human. With this tracker it was possible to extract both head gestures (such as
gazes, nodding and shaking) and posture shifts.

From the speech signal, we can extract certain features that are not directly related
to the semantics of the speech. These features could then be calculated instantly from
the input from a microphone. Only the basic features are considered here, because
although the computational speed of the current computers is rapidly increasing, it
should be kept relatively simple.

According to Milewski (1996), it is possible to extract frequency and intensity in-
formation from a speech signal in real time using a Fourier transformation. When
these two aspects of the speech signal are known, many useful derivatives can be
calculated, such as silences, monotone sounds, et cetera. Thus, when using this trans-
formation, there can be much information available in real time concerning the fea-
tures of the speech signal.

4.1 Detecting and Classifying Body Movements

4.1.1 Head Gestures
Certain head gestures and body posture are readily detected in real time through the
use of a six-degree-of-freedom tracking sensor attached to the speakers head.

The speaker’s head shakes, nods and gazes can be detected by attending to the ori-
entation of the head over time. When the orientation of the head rotates back and
forth along some axis, this indicates either a nod or a shake. It would be a shake it the
movement is a horizontal rotation would be a nod if the movement is a vertical rota-
tion. In contrast, if the head rotates to some orientation and holds this position for
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some time, it must mean that the speaker is staring in a certain direction. We imple-
mented a finite state machine to recognize such speaker gestures (Figure 1).

This state diagram allows the system to extract the different gestures from the hu-
man head and thus let the agent perform some mimicking according to the mapping
rules that have been specified in the gesture theory chapter. The relevant rules for the
head gestures are numbers 5 and 6.

4.1.2 Posture Shifts

Certain posture shifts are obtained by using the
tracker information. For example, if a speaker
shifts her weight from one foot to the other, this
is typically accompanied by the translation of
the head with respect to a static position be-
tween the feet (see Figure Y). This way, a
weight shift could be detected with just one
tracker placed on top of the head of the speaker
assuming they do not move their feet.

In our current system, we detect certain pos-
ture shifts in this way by measuring the angle o
between the origin (dotted line in Figure Y) and
the position of the tracker, placed on the head of
the human. If this angle is greater than a certain
threshold, this must mean the human is slouch-
ing. We use a restraining device to ensure that the speaker’s feet remain stationary
(this restriction could be eliminated be incorporating an additional tracker at the
speaker’s waist).

More specifically, posture shifts can be detected with just the angle between the
head and the position between the legs and the height of the tracker (the length of the
human), both obtainable from the tracker. With this, the angle o can be computed as
follows:

Fig. 2. We detect posture shifts
involving a weight shift by
measuring angle o

o = atan( dx / height_of_tracker )

Where dx is the relative position of the tracker with respect to the initial position
where the human is standing straight. The current angle is compared to the threshold
in order to get the type of slouch (left, right or neutral).

4.2 Detecting and Classifying Acoustic Features

Besides the different gestures from the trackers, we also extract features from the
speaker’s audio signal such as pitch and loudness. Given the real-time requirements
of the system, all audio feature detectors utilize the Fast Fourier Transform (FFT)
which is not described here, but can be found in various sources of literature (e.g.
Milewski, 1996). FFT can separate an audio signal into an arbitrary number of fre-
quency-intensity pairs and these pairs can be used in the computation of several fea-
tures of the speech signal. This means, that when the continuous speech signal is
sampled in parts of a certain length, from each sample the FFT could be computed
and compared.
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4.2.1 Intensity Detection

With some minor adjustments, the algorithm by Arons (1994) is used to perform the
intensity detection. After determining the average (normal) intensity of a speaker
during an initialization phase, the real time intensity can be compared to a pre-
computed threshold. This threshold would be the top one percent value of the initial
intensity value computed during initialization. When the real time intensity value
exceeds the threshold it must mean that there is a raise in intensity. With this informa-
tion, mapping rule number 2 can be implemented.

Besides this approach to the computation of the intensity of a speech signal, an-
other approach is proposed by Fernandez (2004). His model uses the computation of
certain loudness features, which could improve the previously described method. The
code to perform these loudness computations in Matlab has been available to us, but
unfortunately this proved too slow to be useful for real time computations. Due to the
limited amount of time available for this research, no optimizations could be made
and thus the loudness detection model was discarded.

4.2.2 Pitch Detection
Pitch detection is done in a similar fashion as the intensity detection. For each sample,
from the resulting frequency/intensity pairs of the FFT, the frequency is chosen that
has the highest intensity and this is compared to the previous highest frequencies.
This way, a significant drop or raise in the frequency of the speech can be detected.
We re-implemented the backchannel-algorithm by (Ward and Tsukahara 2000)
within Matlab, using a pitch detection algorithm is available from the Matlab User
Community. To actually implement this algorithm, the pitch values of the last 120
milliseconds have to be stored. Then, if all these values are below the 23" percentile
pitch level, an output can be performed after 700 milliseconds when all the other
conditions are met. With this algorithm, mapping rule number 1 can be implemented.

4.2.3 Disfluency Detection

The final mapping rule depends on the detection of stuttering of disfluency in the
speech signal. An example of this would be the expression ‘uhhhh’ for a longer period
of time. To detect this, the frequency of the signal could be used. If a certain fre-
quency holds for a longer period of time and does not vary much, this could mean
disfluency.

This method of detecting disfluency was proposed by Shriberg (1999), and con-
cerns different types of disfluency, like filled/unfilled pauses, false starts and repeti-
tion of words. For this research, only the filled and unfilled pauses shall be consid-
ered, because these types do not depend on semantic information and thus can be
detected using frequency and intensity respectively.

Specifically, Shriberg argues that a filled pause in an audio signal is accompanied
by a relatively low frequency region for a period of at least 200 milliseconds. Thus, to
extract this from the audio signal, the frequencies over 200 milliseconds have to be
stored and evaluated. When the standard deviation of these frequencies is smaller than
approximately one hertz, the module reports the detection of a disfluency.
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Fig 3. Overall system architecture

5 Behavior of a Listening Agent

Through recognizing features of the speaker’s behavior and applying these features to
the behavior rules in Section 3, we can generate listening behaviors. The final issue is
how to integrate these behaviors into an overall performance. As we are simultane-
ously recognizing features from multiple channels (head, body, ands speech), and
listening behaviors have some duration, it is possible that a listening behavior will be
proposed that overlaps with a currently executing behavior. This could easily result
in unnatural behavior.

We use a synchronization module to solve this problem. This module parses mes-
sages on the communication bus and determines if the message is intended for the
agent and which type of gesture is contained in the command. Once this parsing has
been done, the function accompanying that type of gesture can be called. This func-
tion determines whether a previous gesture is still performing, and when this is not the
case, a message is created which is to be sent to the agent. The module also incorpo-
rates a flexible behavior mapping allowing designers to easily experiment with alter-
native mappings between classes of listening behaviors and their physical manifesta-
tion.

6 Evaluation

This listening module could be integrated into a variety of embodied conversational
agent applications, potentially improving the naturalness and subjective impressions
of the interaction. In assessing the suitability of such an integration, we must consider
several factors. Does the system correctly detect features of the speaker’s behavior?
Do the behavior mapping rules suggest appropriate feedback? Is the performed behav-
ior judged natural at the time it is performed? Finally, do agent listening behaviors
have the predicted influence on the human speaker’s perceptions? Here we discuss
the results of informal evaluations. Formal evaluations are planned for later this year.

In evaluating the system we adapt the “McNeill lab” paradigm (McNeill 1992) for
studying gesture research. In this research, one participant, the Speaker, has previ-
ously observed some incident (e.g., a Sylvester and Tweety cartoon clip), and de-
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scribes it to another participant, the Listener. Here, we replace the Listener with our
agent system. Speakers see a life-sized animated character projected in a room. They
stand in a foot restraining device in the middle of the room, wear a Intersense acoustic
motion tracking sensor on their head and speak into a headset microphone. In the
formal evaluation, we will use a 2x2 design. Speakers will be assigned to one of two
priming conditions: they will be told that the Listener’s behavior is either controlled
by a human in another room or by a computer. The agent will either use our mapping
rules or random behavior. Currently, we have performed preliminary evaluations
using several staff members associated with the project. Notable findings from this
initial feedback are reported here and will be used to adjust system parameters prior to
the formal evaluations.

Backchannel continuers suggested by Ward’s Pitch Detection Algorithm seem to
occur in the appropriate location and thus Ward’s algorithm does work fairly well.
The only drawback here is that this algorithm is dependant of the initial recorded
pitch threshold and thus when this initial recording would be modified, the results
would be different.

The detection of disfluency consists of two parts, which are silences and filled
pauses. The detection of silences worked very well although they tended to occur too
soon. This can be resolved by extending the buffer which is an easy adaptation. The
detection of filled pauses however did not work as well as predicted. The allowed
variation in frequency of 0.05 Hertz proved too small and this has to be increased.

Observers reported the listening agent appeared more autonomous and natural. In
particular, the occurrence of head nods and gazes seemed to contribute to this effect.
Naturalness and autonomy does not necessarily translate into a feeling of engagement
and our initial tests identified several factors that appeared to detract from engage-
ment. For example, if the agent gazes away from the speaker too frequently, one is
left with the impression that the agent is uninterested in the conversation. This led us
to adjust downward the frequency of gaze shifts. We also decided the delay of 700
milliseconds in the algorithm by Ward was too long. This has been changed to 200
milliseconds and this led to more reasonable head nods. Some speakers systematically
vary the intensity of the speech across utterances which can confuse our feature detec-
tors. This could be resolved by re-computing the thresholds when the voice of the
speaker undergoes a big change.

Although definitive testing has not been completed to date, the results of the in-
formal tests seem promising. Especially the performing of head nods and the behavior
when the human is silent seem to result in more natural behavior. Even though the
speech signal was quite noisy, the responsive behavior improved the natural behavior
of the agent.

7 Conclusions

Although they have not been a strong focus in the virtual human community, listening
behaviors play an important role in promoting effective communication. A challenge
in generating real-time listening behaviors is that the semantic content of a user’s
speech is typically available only after they are done speaking. Indeed, this informa-
tion is sometimes only available a second or two after an utterance. This paper has
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reviewed the psycholinguistic literature to show that many listening behaviors are also
correlated with physical behaviors that are easier to detect in real time. In other
words, not only the meaning of the words is of importance, but also features as the
intonation and the loudness of the speech signal.

Using this knowledge, we tried to find a mapping between these certain features
and the accompanying gestures. The suggested mapping in this chapter is however not
complete because there are many external factors that influence the occurrence of
gestures, like the emotional state and relation of the persons involved. The suggested
mapping can however be used to perform these gestures for example with a virtual
human in order to let the virtual human react in a more natural way.
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Abstract. This paper presents the NICE fairy-tale game system, which enables
adults and children to engage in conversation with animated characters in a 3D
world. In this paper we argue that spoken dialogue technology have the poten-
tial to greatly enrichen the user’s experience in future computer games. We also
present some requirements that have to be fulfilled to successfully integrate
spoken dialogue technology with a computer game application. Finally, we
briefly describe an implemented system that has provided computer game char-
acters with some conversational abilities that kids have interacted with in studies.

1 Introduction

The text adventure games of the 70’s could achieve a limited sense of omniscience,
since their goal-oriented users wanted to be immersed into the adventure, which re-
frained them from trying to deceive the system. The immersion was limited, due to
the systems’ limited understanding capabilities. Paradoxically, today’s commercial
3D adventure games have even more limited input understanding capabilities — only
allowing its users to navigate in the 3D world, selecting objects via mouse input and
selecting what their avatar should do or say next from predefined menus. These com-
puter games provide an excellent application area for research in spoken dialogue
technology. Speech input is already used in some commercial computer games (e.g.
Lifeline, 2004), but these do not support conversational interaction. More advanced
spoken dialogue have the potential to greatly enrichen computer games. For example,
it would allow players to refer to past events and to objects currently not visible on
the screen, as well as interacting socially and negotiating solutions with the game
characters.

The NICE project aims at to providing users with an immersive dialogue experi-
ence in a 3D fairy-tale game, engaging in multi-party dialogue with animated conver-
sational characters. Spoken and multimodal dialogue is the user’s primary vehicle of
progressing through the story, and it is by verbal and non-verbal communication that
the user can gain access to the goals and desires of the fairy-tale characters. This is
critical as the characters ask the users to help them in solving problems. These prob-
lems either relate to objects that have to be manipulated or information that has to be
retrieved from other fairy-tale characters.

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 37—@, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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2 Background

Spoken dialogue systems have so far mostly been designed with an overall goal to
carry out a specific task, e.g. accessing timetable information or ordering tickets [4,
35]. With task-oriented systems, it is possible to build domain models that can be
used to predefine the language models and dialogue rules. The existence of predefined
tasks makes it rather straightforward to evaluate the performance of the dialogue
system. Some dialogue systems have aimed to present its users with an engaging and
entertaining experience, without the presence of an external predetermined task. Con-
versational kiosks, such as August [22] and MACK [12], encourage users to engage in
social dialogues with embodied characters. Some spoken dialogue systems have ad-
dresses the problem of managing conversational speech with animated characters that
reside in a 3D-world, e.g. the Mission Rehearsal Exercise system from the USC Insti-
tute of Creative Technologies, a system that also allow for multi-party dialogue [32].

Over the recent years interactive story-telling research systems have been devel-
oped that in some cases allow linguistic input. Hayes-Roth [24] lists a number of
principles that are important for interactive story-telling systems. The user has to be
given an illusion of immersion by participating in an interesting story where they feel
that they are actively participating by interacting with the characters in a meaningful
and natural way. Young [34] suggests that the drama manager of the system should
put a limit to the user’s actions by not allowing interference that violates the overall
narrative plan. Most interactive games developed so far allow users to intervene in the
storytelling by acting on physical objects on the screen using direct manipulation [10,
34]. Moreover, some systems allow users to interact with characters by means of
written text input [28], while others explored using a speech interface [10].

3 Conversational SKkills

Humans who engage in face-to-face dialogues use non-verbal communication such as
body gestures, gaze, facial expressions and lip movements to transmit information,
attitudes and emotions. If computers are to engage in spoken dialogue with humans it
would seem natural to give them the possibility to use both verbal and non-verbal
communication. Verbally, they have to be able to communicate their goals and plans
to the user, and they should be able to cooperate with the user to solve problems. In
order to convey personality and to build a collaborative trusting relationship with the
users, the characters also have to be able to engage in socializing small talk. In order
to be able to coordinate their action towards a goal that is shared with the user, the
characters have to be able to collaborate with the user [15, 21]. The characters also
have to be able to engage in grounding dialogue with the users to be able to certify
that they have understood what the user wants them to do. In conversation the coordi-
nation of turns is crucial, and it is regulated by a number of turn management sub-
functions that can be expressed verbally or non-verbally [3]. There are two simultane-
ous information channels in a dialogue: the information channel from the speaker, and
the back-channel feedback from the listener. The back-channel feedback indicates
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attention, feelings and understanding, and its purpose is to support the interaction. It
has been argued that dialogue systems should be able to provide positive feedback in
successful contexts and negative feedback when problems have been detected [8].
Initial cue words can be used to facilitate grounding by providing information on the
speaker’s orientation towards the content of the previous turn [9]. Disfluencies like
filled pauses may be indicators of problems in dialogue, but initial fillers are used to
manage turn taking and both filled and silent pauses are used to indicate feeling-of-
knowing [7].

Animating the face brings the embodied character to life, making it more believ-
able as a dialogue partner. Facial actions can be clustered according to their commu-
nicative functions in three different channels: the phonemic, the intonational and the
emotional [18]. The phonemic channel is used to communicate redundant and com-
plementary information in what is being said. The intonational channel is used to
facilitate a smooth interaction. Facial expressions, eyebrow raising and head nods can
be used to communicate the information structure of an utterance [11, 30]. The emo-
tional channel is used to increase the animated character’s social believability. There
are display rules that regulate when speakers show emotions. These rules depend on
the meaning the speaker wants to convey, the mood of the speaker, the relationship
between speaker and listener and the dialogue situation [17]. Gaze indicates three
types of mental processes: spontaneous looking, task-relevant looking and looking as
a function of orientation of thought [25]. Thus, in conversation gaze carries informa-
tion about what the interlocutors are focusing on, the degree of attention and interest
during a conversation, to regulate the turn-taking, to refer to visible objects and to
display emotions or to define power and status. Pelachaud et al. [31] described a fa-
cial animation system that among other things could display different gaze patterns,
and the BEAT system uses gaze, head nods and eyebrow-raising for turn-handling
[11]. Finally, turn-handling gaze can be used to indicate who is talking in multi-party
dialogues such as virtual conferencing [16].

4 The NICE Fairy-Tale Game Scenario

The fairy-tale domain was chosen because of its classic themes and stereotypical
characters, are well known to most adults as well as children. So far two scenes have
been implemented, see Fig. 1. There are two main characters in the system: the helper
Cloddy Hans, who has been introduced to facilitate progression through the story and
gatekeeper Karen, who is introduced as an obstacle in the story. Personality traits are
not explicitly modeled, but they are rather used as guidance in the design of the char-
acters to ensure that their behaviors are perceived by the users as compatible with
their intended personalities. Personality is conveyed by modes of appearance, actions,
wording, speaking styles, voice quality, and non-verbal behavior. In order to match
the characters’ different roles in the game, the output behavior of the two characters
have been designed to display these quite different OCEAN personality traits[29]:
Cloddy Hans is Dunce, Uncertain, Friendly, Polite, Calm and Even tempered, while
Karin is Intellectual, Frivolous, Self-confident, Unfriendly, Touchy and Anxious.
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Cloddy Hans and the fairy-tale machine

The user meets Cloddy Hans in H. C. Andersen’s
study, where there is fairy-tale machine and a
shelf with fairy-tale objects. The objects have to be
put in one of several icon-labeled slots in the
machine in order to construct a new story and
thereby get transferred into the fairy-tale world.
This introduction scene thus develops into a
straightforward "put-that-there" game, where the
system is able to anticipate what the user will have
to say to solve it. The real purpose of the first
scene is not to solve the task, but to engage in a
collaborative conversation where the player
familiarises himself with the possibilities and
limitations of the spoken input capabilities.
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Karen and Cloddy Hans at the drawbridge

The fairy-tale world is a large 3D virtual world,
where the user and Cloddy Hans land on a
small island, where they are trapped. A deep
gape separates them from the rest of the world.
There is a drawbridge in the gap, operated by
Karin, who has the gatekeeper role in the scene.
She will only lower the drawbridge when of-
fered something she finds acceptable in return,
which she never does until the user’s third at-
tempt, thereby encouraging negotiative behav-
ior. Furthermore, both Cloddy Hans and Karen
openly show some amount of grudge against
each other, with both characters occasionally
prompting the user to choose sides.

Fig. 1. The first two scenes in the fairy-tale game

Narrative Progression

The two scenes described above contain certain key moments, story-functional events.
The passing of such an event means that there has been a progression in the story
(thus it is important that a story-functional event can not be undone). The first scene
contains the following story-functional events: Cloddy Hans introduces himself;
Cloddy Hans introduces the plot; Cloddy Hans picks up an object for the first time;
Cloddy Hans puts object number X in the fairy-tale machine; Cloddy Hans pulls the
lever so that he and the user can enter the fairy-tale world. Since it is impossible to
retrieve an object from the machine, all put-object-in-machine events are story-
functional. The second scene contains the following types of story-functional events:
Cloddy Hans introduces the fairy-tale world; Karin introduces herself; Cloddy Hans
gives his opinion of Karin; Karin gives her opinion of Cloddy Hans,; Karin informs
the user that she demands payment in order to lower the drawbridge; Karin accepts
an object and lowers the drawbridge; Cloddy Hans crosses the drawbridge and gives
Karin the payment. The knowledge about these story functional events are encoded
into the scene descriptions that all character loads when a scene is initialized. This
means that they can add goals on their agenda that leads to the realization of all story
functional events in a scene. This also makes it possible for the helper character
Cloddy Hans to guide the user when she gets stuck in a scene. Some of events involve
more than one action or the exchange multiple pieces of information. In order for the
introduction to be complete Cloddy Hans has to talk about his and the users name, age
and health. There are also default objects and corresponding destination slots in the
scene description that could be used by the system to suggest a possible next object to
pick up and then where it could be placed.
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5 The Output Capabilities of the Fairy-Tale Characters

The fairy-tale characters in the NICE system are able to generate both verbal and non-
verbal behaviour. They have different roles in the game and consequently they have
to be able to convey different personalities that match their respective roles. Charles
and Cavazza [13] distinguish between two types of characters in their character-based
story telling system - feature characters and supporting characters. In the Nice fairy-
tale game a third kind of character have been added - a helper character. This means
that there are these three types of characters in the fairy-tale world, that require differ-
ent levels of conversational abilities:

Helper Character - A character that guides and helps the user throughout the whole
fairy-tale game. Cloddy Hans is a friendly character with no long-term goals for
himself, other than doing what the user asks him to. Helper characters need con-
versational capabilities allowing both for grounding and cooperation, and for dia-
logue regulation and error handling. They need to have knowledge of all plots and
subtasks in the game. Finally they need simple visual perception so that they can
suggest actions that involves objects in the scene that the user have not noticed
yet, and they have to be aware of the other characters actions as well as their ver-
bal output.

Feature Characters - Characters that has a key function in the plots. Karen is a fea-
ture character that has a Gatekeeper function in the second scene. She is a selfish
character with goals of her own. She will not help the user unless she gets a re-
ward. Feature characters need less cooperative and grounding conversational abili-
ties, since they have goals of their own that they simply want to convey to the
user. However, they need dialogue regulation and error handling capabilities.
They only need knowledge about the plots and subtasks they appear in, and they
have to be aware of the other characters actions as well as their verbal output.

Supporting Characters - Characters that only tell the pieces of information needed
for the plot, but that are not willing to engage in conversation with the user. Sup-
porting characters only need to be provided with the verbal capabilities needed to
convey the information they are supposed to communicate to the user. Apart from
these they only need to be provided with verbal utterances like “I don’t want to
chat with you”. They only need knowledge about the subtasks they are supposed
to comment on, and they may be aware of the other characters actions as well as
their verbal output. Thumbelina is added as a non-verbal supporting character that
uses the default objects and destinations in the first scene in order to be able to
point at the slot where she thinks a certain object should be placed. If the user gets
Cloddy Hans to put it in another slot she shows her discontent with large emo-
tional body gestures.

The fairy-tale characters are able to talk about the plots and scenes, as well as their
own plans and to goals that relate to these. When characters first meet the user they
are able to engage in formalized socializing small talk. In later phases they are still
able to respond to social initiatives from the users, but without goals of their own to
pursue the social topic. The characters are also provided with general dialogue regu-
lating speech acts that they can use in all scenes: Plan Regulating (e.g. agree, ask for
request), Error Handling (e.g. report not hearing, asking for clarification), Turn Han-
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dling (e.g. floor holders), Attitudal Feedback (positive or negative feedback), Dis-
course Markers (respond to unexpected info), and Extralinguistic sounds (clear
throat, exhalation, laughter, sigh). In order to be able to talk about the plot, their goals
and plans, the fairy-tale characters have also been provided with a number of task
oriented plot dependent speech acts: Introduction and explanation of the plot, Initia-
tives that serve to fulfill the characters’ plan or long-term goals, Requests for instruc-
tions, Responses to instructions from the user, Stating intentions, plans and goals.

The main characters are able to perform the actions needed to progress through the
plots of the game. In order to be reactive they are also able to generate gestures as a
result of user input and events in their environment. These reactions are either dis-
plays of attitude, state of mind, turn regulation gestures or attention gestures. The
characters can also look at and point at interactive objects, non-interactive objects and
landmarks in the 3D-world. They are able to walk between locations that are far apart.
If the user has not engaged in interaction with the characters for a while they enter an
idle state where they start off with small encouraging gestures, then after a while they
indicate impatience by gazing around in the environment or displaying various idle
gestures. All characters have been provided with a number of communicative ges-
tures, as well as a number of simple, single body part animations that can be used to
generate more complex multi body part gestures. This makes it possible to either play
ready animations for communicative gestures or to generate animation lists consisting
animation tracks on the individual body parts. Fig 2. below shows the different types
of non-verbal behavior the characters are able to display.
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Fig. 2. The characters’ different types of non-verbal behavior

The gestures, movements and actions of the different characters are used to convey
their respective personalities. To make the characters’ output behavior consistent, the
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body gestures, actions and idle behaviors of the two characters have been designed
with their respective personality traits in mind. The manner in which characters move
conveys their different personalities in the same way as their different speaking styles
does. Chi et al [14] has developed a parametrisized system, EMOTE, that describes
the manner of movements and Allbeck and Badler [2] describes an initial attempt to
link the EMOTE parameters with the OCEAN personality parameters. If this linkage
is applied to the two characters, they get the following EMOTE parameters with ac-

companying non-verbal behavior:

Space

Weight

Time

Flow

| Direct:

Y Single focus, e.g. he either
looks bluntly at the user, or
glances at the object that he

Strong:

Powerful, having
impact, e.g. he
walks with

Sudden:

Hurried, e.g. he
performs the
actions asked for

Bound:

Controlled, restrained, e.g. he
walks the shortest way to a
location, and then he tums to

time, before breaking their
mutual gaze, letting her gaze
wonder into the surround-

gravity, e.g. she
walks about with
light steps.

she tries to avoid
to do what the
users asks her

or the user is referring to. determined steps. | immediately the user, looking encouraging.
Indirect: Light Sustained: Free:

Multi-focus, e.g. doesn’t look | Delicate, easily | Lingering, indulg- | Uncontrolled movement, e.g.
at the user for a very long | overcoming ing in time, e.g. | she wanders about on her way

to an location, looking as she
doesn't quite know where she
is heading

ings.

Fig. 3. The impact of the derived EMOTE parameters on the characters’ non-verbal behaviors

To support the intended personalities of these characters, Cloddy Hans displays
small, but slow and deliberate body gestures while Karen displays larger, and faster
body gestures. The characters’ different personalities are also conveyed by their dif-
ferent idle behaviors: Karin is not patient which is reflected by the fact that she enters
her idle phase faster, and she lets her attention wander away from the user to the envi-
ronment, and after a while she even walks away from the user. Cloddy is more calm
and keeps his attention at the user. Finally, to give the characters basic simple percep-
tual abilities a number of reactive behaviors have also been added in the system:

Auditory Perception - is simulated by generating attention gestures that for example
involve turning to the speaker. When user speech is detected the characters will turn
to the active camera, and when there are multiple character speaking in a scene the
other characters will turn towards the speaking character

Visual Perception - is simulated by generating attention gestures when the users
starts gesturing or glancing at the object that the user has encircled. It is also simu-
lated by adding triggers nearby interesting objects, and generating an appropriate
attention gesture towards an object that the character walks by. It is also possible
for the system to request a list of all objects that are visible (either on the screen or
from a characters field of vision), and then request the character to turn to or talk
about a found object.

Perception of Time - is simulated by letting a central server time-stamp all messages
from both input and output modules, and by letting it generate timeouts that are
used to manage the characters’ idle behavior. The Animation system keeps track of
all characters’ current actions, in order to be able to change a certain character’s be-
havior dependent on the current situation and to be able to coordinate different
characters’ simultaneous actions.
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6 System Architecture

To make the animated fairytale characters appear lifelike, they have to be autono-
mous, i.e. they must do things even when the user is not interacting with them. At the
same time they have to be reactive and show conversational abilities when the user is
interacting with them. This means that the characters have to be able to generate care-
fully planned goal-oriented actions as well as very fast, less planned actions. In order
to be able to build a system that can harness all these functionalities, an event driven,
asynchronous, modular hub architecture was chosen, where a set of processes that
communicate via message-passing over TCP/IP. Events from all servers are sent to a
central hub, the Message Dispatcher server, (similar but simpler than OAA [27] or
Communicator [1]). The central Message Dispatcher is responsible for coordinating
input and output events in the system, by time-stamping all messages from the various
modules. The behavior of the Message Dispatcher is controlled by a set of simple
rules, specifying how to react when receiving a message of a certain type from one
the modules. Since the Message Dispatcher is connected both to the input channels
and the output modalities, it can increase the system’s responsiveness by giving fast
but simple feedback on input events. Timeouts from the Message Dispatcher are used
to allow the system to have a perception of time, which is used to control the charac-
ters’ idle behavior, and to let the dialogue managers take the imitative and generate
suggestions of actions in cases where the users has not answered a request for the next
action.

The spoken input is handled by a speech recognizer with statistical language mod-
els trained on 5600 user utterances from 57 users that interacted with a semi-
automated version of the system (the wizard could correct the ASR-string if needed).
A robust natural language understanding module has also been developed using this
data[6]. To be able to provide the animated character with Swedish voices with natu-
ral voice quality and prosody, a unit selection synthesizer was developed in coopera-
tion with KTH [23]. An important role of the synthesis component in the fairy-tale
system is to convey the personality of the characters. To get to the different speaking
styles, the voice talents were told to read the utterances in manners that matched the
targeted personalities. This resulted in two voices with speaking styles that, among
other things, differed in frequency range. They also differed in speaking rate and
voice pitch. In order to accentuate these last two differences, all utterances were re-
sampled changing speaking rate and voice pitch at the same time. All Cloddy’s utter-
ances were slowed down and all Karen’s utterances were speeded up. This simple
procedure had desired side-effects: apart from making Cloddy’s voice slower it made
him sound larger, and, apart from making Karen’s voice faster, it made her sound
younger. The personalities of the two characters were deliberately chosen so that this
simple voice transformation would also make their voices more matching with the
visual appearance of the two animated characters.

6.1 Dialogue Management

There are two dialogue managers in the NICE fairy-tale game system, one per fairy-
tale character. The functionality of these two dialogue managers are somewhat differ-
ent, reflecting the fairy-tale characters’ different personalities. Moreover, the func-
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tionality of any dialogue manager varies over time, reflecting supposed changes in the
characters’ knowledge, attitudes and state of mind. However, when considered at an
appropriate level of abstraction, most of the functions any dialogue manager needs to
be able to carry out remain constant regardless of the character or the situation at
hand. As a consequence, the dialogue management software in the NICE fairy-tale
system consists of a kernel laying down the common functionality, and scripting code
modifying the dialogue behavior as to be suitable for different characters and different
situations[5]. This model of code organization is common in computer games[33].

The dialogue management kernel issues dialogue events at important points in the
processing. Some kinds of dialogue events, the so-called external events, are triggered
from an event in a module outside the dialogue manager (for instance, a recognition
failure in the speech recognizer), whereas for others, the internal events, an internal
event takes place within the dialogue kernel. There are e number of external dialogue
event that the dialogue manager can receive: BroadcastEvent (some other character
has said and done something), GestureEvent (the Gesture Interpreter has recognized a
gesture), ParserEvent (the natural language parser has arrived at an analysis of the
latest utterance), PerformedEvent (the animation system has completed an operation),
RecognitionFailureEvent (the speech recognizer has detected that the user has said
something, but failed to recognize it), WorldEvent (an event has occurred in the 3D
world), and TriggerEvent (the animation system has detected that the character has
moved into a trigger). There are also a number of internal dialogue events: Al-
readySatisfiedEvent (a goal which already is satisfied has been added to the charac-
ter's agenda), CannotSolveEvent (an unsolvable goal has been added to the character's
agenda), IntentionEvent (the character has an intention to say or do something), No-
ReactionEvent (the character has nothing on the agenda), PossibleGoalConflictEvent
(a goal is added to the agenda, but the agenda contains a possibly conflicting goal),
and TimeOutEvent (a timeout has expired). The kernel provides a number of opera-
tions through which the scripting code can influence the dialogue behaviour of the
character. These are: interpret an utterance in its context; convey a dialogue act; per-
Sform an action; add a goal to the character's agenda; remove a goal from the charac-
ter's agenda; find the next goal on the agenda, and pursue a goal on the agenda.

6.2 The Animation System

The Animation System, (see Fig. 4) is responsible for generating the character anima-
tions and actions. It is divided into two modules: The Animation Handler and the
Animation Renderer.

6.2.1 The Animation Handler

The Animation Handler deconstructs action requests from the dialogue managers into
sequences of more fine-grained animation instructions. For instance, a "go to the
fairy-tale machine" request is translated into (1) change camera (2) walk to the ma-
chine (3) change camera again, and (4) turn to camera. These animation instructions
are queued (there is one queue per fairy-tale character) and sent one at a time to the
Animation Renderer. After successful execution of an instruction, the Renderer sends
back a receipt, after which the next instruction is sent, and so on. Upon receipt of a
speech-synthesis request from a dialogue manager, the Animation Handler instructs
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The Animation System
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Fig. 4. The internal handling of requests to the Animation System and its place in the system

the speech synthesizer to generate a sound file with corresponding lip-synchronization
track. The latter is a sequence of time-stamped animation instructions for the different
facial movements needed to achieve lip-synchronization. If the character is walking or
otherwise moving when the lip-synchronization instructions are rendered, the facial
animations are blended with the bodily movements.

Within the Animation Handler, there is one synthesis queue per fairy-tale character.
Each speech-synthesis request comes with a priority, needed to determine the correct
action to take if the character is already talking (due to the event-based dialogue man-
agement method, this happens occasionally). If the priority of the incoming request is
lower than that of the utterance currently being produced, the incoming request is
ignored. If the priority of the incoming request is higher, the ongoing utterance is
interrupted, and the new utterance is produced instead. If the two requests have equal
priority, the incoming request is enqueued and produced after the ongoing utterance
has finished. Synthesis requests with high priority typically concern replies to the
user's utterance, requests with medium-high priority typically concern suggestions to
the user on how to proceed (generated when the user has been silent for a while), and
requests with low priority concern chit-chat.

6.1.2 The Animation Rendering System

The subsystems of the rendering system communicate with each other through facade
classes with virtual interfaces [19]. The use of virtual facades makes it easy to switch
between different implementations of a specific subsystem without affecting the other
systems or applications using the game engine. The Resource System is a responsible
for keeping track of all resources (like e.g. graphical meshes and animated models).
All resources have been given a type and a name in order to make them unique and
distinguishable from each other. The Animation System is responsible for creating and
updating animated models. An Animated Model is a deformable graphical object built
upon a hierarchy of frames. Each frame has a 3D-space transformation matrix repre-
senting its rotation and position relative the parent frame. An Animation is a named
data set containing rotation, position, and scale values for a given frame and point in
time. Animations can contain values for all of the frames in the hierarchy or just a
single one. The graphical artist creating the animation decides which frames that are
included in an animation. To be able to move different parts of the hierarchy simulta-
neously and independently, animated models can be ordered to play animations at
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separate tracks. Currently each model has 8 tracks, but this could easily be changed if
there is a need for it. If animations played at different tracks affects the same set of
frames, the resulting movement will be decided by the animation played at the track
with the highest index.

It is the physics and collision systems that are responsible for real time simulation
of the movement of walking characters, falling objects etc. The collision system is
also responsible for handling some of the game logic controlling duties, such as trig-
gering events when an object enters a specific area or picking out objects selected by
the user mouse input. The animation system uses an externally developed collision
and a physics system called Tokamak [26]. To speed up the complex calculations
involved in realistically simulating collisions between objects, 3-dimensional mathe-
matical shapes are used as simple collision primitives. Objects and characters are
provided with one or more simple collision primitive. In addition to collision between
these simple collision primitives, the system also supports collisions between primi-
tives and arbitrary shaped geometries. For performance reasons only one complex
collision object is allowed to be active at the time. This single complex collision ge-
ometry is normally used for the static game world environment. The complex colli-
sion geometry is automatically generated from the files that describe the visual ap-
pearance of the game world. The graphics designer has however the opportunity to
exclude some parts of the visual geometry from the resulting collidable geometry. He
can also add geometry that only will be collidable and not visible.

The XML interface to the rendering system includes the following actor com-
mands: ResetAnimController, ClearAnimationTrack, GetPostition, GoTo, turnTo,
play(single animation, a sound or Animation list with parameters for start percentage
and speed), PickUp, releaseHeldObject, Jump. There are also a number of object
commands: GetPostition, SetPosition, Highlight, Render, PutlnPlace, TogglePhysi-
calState. The camera commands include: setActiveCamera, InterpolateToCamera,
SetTargetEntity. Finally there are a number of other commands: GetOnScreenObjects,
SetInputReceiver, ExecuteCommandLine (commands to the renderers built in Python-
based script interpreter), GetCurrentLevelName, SetCurrentLevel.

7 User Evaluations

During 2004-2005, data was collected on several occasions using the NICE system at
different stages during its development. The system could be run either in fully auto-
matic mode or in supervised mode, in which a human operator had the possibility to
intervene and modify the ASR result or select an appropriate output speech act or
action for a character to perform next. This made it possible to develop the system in
a data-driven, iterative fashion. 57 children (aged 8 to 15) interacted with the system,
resulting in a human—computer dialogue corpus containing about 5,800 system turns
and 5,600 user turns. The usability study showed that the addition of spoken and mul-
timodal dialogue creates a positive user experience, and that it is possible to use spo-
ken language as the main device for story progression. In the interviews, users unani-
mously reported that Cloddy Hans was a bit stupid, but kind, while Karen being rather
the opposite. Personality differences were also found in analyses of the post-
experiment questionnaires, where the user judged the how well different personality
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traits described the characters. Differences between Cloddy Hans and Karen were
tested for significance using Wilcoxon Signed Ranks Test (p<0.05). It was found that
users rated Cloddy Hans as more Kind, Stupid, Lazy, Calm, Polite and Distressed,
while Karin was found to be more Smart, Quick and Self-confident.

The analysis of the users’ interaction showed that there were significant differences
in speaking rate were observed between the User-Cloddy dialogues and the User-
Karin(-Cloddy) dialogues. In the first repetitive scene the users took more and more
initiative and needed fewer and fewer turns for each object they put into the machine,
but at the same time they talked slower and slower, to make sure that the sluggish
Cloddy Hans would understand them. In the second scene, they started of speaking
faster, but then they slowly began to talk slower again with Cloddy Hans for each turn
during their exploration of the island. As soon as they started talking to Karin, they
talked faster, but this time the actually increasing their speech rate for each turn. This
could be because the interaction was faster, and because it felt more lively when
Cloddy Hans came with side-comments during the negotiation between the user and
Karin. It was probably also because Karin appeared to be smarter when she drove the
dialogue, without showing any problems in understanding the user. Actually, she did
not always have to understand what the user said since she could “see” that Cloddy
had brought a certain object that she then simply could reject regardless of how the
user presented it.

To conclude, the user study showed that it was possible to design characters, which
were perceived as having fundamentally different personalities and conversational
abilities, and that in three-party dialogue with several animated figures each character
was regarded as a separate entity who did not always hear or understand the others.
This made it possible to decrease the shortcomings of the speech recognizer by letting
the system tell the users (via Karen) what they should say to Cloddy Hans in the next
turn. That this seemingly simple trick “worked” is indicated by the fact that users
rated Cloddy Hans as stupid and Karen as smart even though the trick was used in
both directions. Finally, several users explicitly perceived shortcomings of the natural
language interface as part of the game, constituting a new kind of interesting and
engaging obstacle to overcome. They thought it could be an interesting mind puzzle
to figure out how to talk and what to say in order to get Cloddy Hans to do what the
wanted.
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An example dialogue in the second scene with actual dialogue excerpts from three children’s interactions
user where are we?

cloddy now we are in the fairy-tale world...what should we do?

user please walk over and pick up the sword

cloddy good idea [cloddy walks over to the sword]

user walk over to the girl over there

cloddy her name is Karin [cloddy walks over to the bridge where Karen stands on the other side]
user could you please talk with Karin

cloddy why don’t you talk with her instead ... she usually is a bit ill-tempered

user okey [the camera moves from Cloddy to Karin]

karin who are you?

user Johanna .. and you

karin my name is Karin...how are you?

user fine how are you

karin well 50 5o ... I'm an orphean and I hardly have any friends

user would you like to become my friend?

karin yes!

user could you please lower the drawbridge for us?

karin if Tam to lower the drawbridge i want something in return

cloddy she is easily bribed [from the side, without camera turning away from Karin]
user how about this sword?
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karin you can keep that old junk for yourself, that’s nothing for me

cloddy she’s so grumpy  [from the side, without camera turning away from Karin]
user but what do you want then?

karin I thought I saw something shining falling down at the same time as the schmuck
user you can have a ruby .. I'll return with something nice for you

karin why do you keep dragging along that Cloddy Hans figure, by the way

user he refuse to leave

cloddy mmm (with negative prosody) [the camera turns to Cloddy]

user drop the sword [cloddy drops the sword]

user could you please pick up the emerald

cloddy ok I'll walk over to the jewels [walks over to the emerald and picks it up]

user go back to Karin  [cloddy walks to Karin where the camera swings over to Karin]
karin what do you have for me?

user an emerald

karin now you're talking

user could you lower the bridge now?

karin okey [Karin lowers the drawbridge]

cloddy Hurray

user walk over the bridge [Cloddy walks over the bridge]

user now give her the emerald, after all she did lower the bridge

cloddy should we really give it to her - shouldn’t we keep it?

user give it to her even though she was rude to you

cloddy but she is only a little runt

user yeah..but she DID lower the bridge

karin well if only you had asked nicely I would have let you over anyway

user but you said that you needed the something nice for you to be able to lower the bridge!?!
karin Idon’t care!

user if you want the emerald then you’ll have to apologize!
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Abstract. This paper describes a model of conversation strategies im-
plemented in virtual humans designed to help people learn negotiation
skills. We motivate and discuss these strategies and their use to allow
a virtual human to engage in complex adversarial negotiation with a
human trainee. Choice of strategy depends on both the personality of
the agent and assessment of the likelihood that the negotiation can be
beneficial. Execution of strategies can be performed by choosing specific
dialogue behaviors such as whether and how to respond to a proposal.
Current assessment of the value of the topic, the utility of the strategy,
and affiliation toward the other conversants can be used to dynamically
change strategies throughout the course of a conversation. Examples will
be given from the SASO-ST project, in which a trainee learns to negoti-
ate by interacting with virtual humans who employ these strategies.

1 Introduction

How can we teach negotiating skills effectively? Effective negotiating skills are
critical for many fields, such as commerce, diplomacy and the military. While
general principles for effective negotiation can be taught in a classroom setting,
becoming an effective negotiator requires practice, usually in a role-playing sit-
uation where a teacher or mentor plays the part of one of the opposing party in
the negotiation. While this approach can be very effective, it is also expensive
in terms of the human resources it requires. In this paper, we describe advances
we have made in the technology of virtual humans with the aim of allowing
them to act as role-players in a negotiation practice. While a negotiation can
be viewed as a rational process of weighing costs and benefits, anyone who has
haggled with a salesman over the purchase price of a new car knows that there
are significant emotional and non-rational aspects. If virtual humans are to be
effective role-players, they must incorporate these aspects as well.

Our work on virtual humans is part of the overall research agenda of creating
embodied conversational agents (see collected papers in [I]) that can engage in
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spoken language interaction with humans, although our emphasis in this paper
on modeling human-like negotiation behavior is unique. This emphasis also sets
us apart from the efforts in the multi-agent community on negotiation where the
emphasis is in modeling largely agent-agent negotiations as a means to achieve
better or more profitable coordination and cooperation (e.g., [2]). The research
we describe here extends virtual human models such as those deployed in the
MRE project [3l4] by endowing the virtual humans with strategies for negotia-
tion, endowing them with the ability to model the emotions that arise during
a negotiation, and providing facilities for them to communicate verbally and
non-verbally during a negotiation dialogue.

The next section describes the initial domain we have chosen to illustrate this
research. Section [3 discusses an approach to adversarial communication based
on analyses of negotiation in social sciences. Section Ml presents a first synthesis
of this work in terms of strategies for virtual humans. Section [ describes the
extensions we have made to the virtual humans from the MRE project to incor-
porate these strategies and support adversarial negotiation. Section [0 concludes
with a discussion of future work.

2 Domain Testbed: Stabilization and Support Operations

Whether it is Kosovo, East Timor, or Iraq, one lesson that has emerged from
attempts at “peacemaking” is that negotiation skills are needed across all lev-
els of civilian and government organizations involved. To be successful in these
operations, a local military commander must be able to interact with the local
populace to find out information, negotiate solutions, and resolve minor prob-
lems before they become major. To have a lasting positive effect, interactions

Fig. 1. SASO-ST VR clinic and virtual human doctor
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between military and locals must be carried out in a way that generates goodwill
and trust. We have selected this general class of operations as a testbed for our
work on negotiation.

More specifically, we are developing a training scenario in which a local mil-
itary commander (who has a rank of captain) must negotiate with a medical
relief organization. A virtual human plays the role of a doctor running a clinic.
A human trainee plays the role of the captain, and is supposed to negotiate with
the doctor to get him to move the clinic, which could be damaged by a planned
military operation. Ideally, the captain will convince the doctor without resort-
ing to force or threats and without revealing information about the planned
operation. Figure [I] shows the trainee’s view of the doctor in his office inside
the clinic. The success of the negotiation will depend on the trainee’s ability
to follow good negotiating techniques, when confronted with different types of
behavior from the virtual doctor.

3 Adversarial Negotiation

One of the central ways to characterize negotiation under adversarial conditions
is with respect to the tension between competition and cooperation. Negotiators
may have different goals, perceive themselves in conflict over those goals but may
also perceive the need to cooperate to some degree to achieve their goals. In this
view, one can characterize the state of a negotiation process from the perspec-
tive of the competitive/cooperative orientation of the parties to the negotiation
and the strategies they employ in light of those orientations. Specifically, one
oft-made distinction is between integrative and distributive [5] situations. If a
negotiation is a win-lose game where there is a fixed value to be distributed,
then it is called distributive. There will be a winner and a loser. In contrast, an
integrative situation is one where both sides can potentially win, a win-win sit-
uation where negotiation could add value and be of benefit to both sides. These
basic distinctions presume some commitment to engage in negotiation. However,
an individual may simply believe that there is no possible benefit or even need
to negotiate. This individual may have an orientation to simply avoid the ne-
gotiation or deny the need for it, what is termed avoidance (e.g., [6]). We thus
start with three basic orientations toward a negotiation: avoidance, distributive,
and integrative. Whenever an agent seriously considers a negotiation situation
it will choose one of these three orientations.

Negotiators may perceive a situation as one to be avoided, or as a distribu-
tive or integrative situation regardless of whether this reflects the true situation.
Changing the perceptions of other agents is often one of the main tasks in a suc-
cessful negotiation. Based on current perceptions, people tend to use a range of
dialog tactics consistent with their orientations [7U6]. Avoidance tactics include
shifting the focus of conversation and delays. Distributive tactics can include
various defensive moves such as stating prior commitments that bind the nego-
tiator or arguments that support the negotiator’s position. Distributive tactics
can also be more offensive, such as threats, criticisms, insults, etc. Integrative
tactics are more cooperative with negotiators actually attempting to see issues
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from the other’s perspective. Tactics can be arguments that support the other’s
position, acceptances of offers, offers of support, etc. Note at a finer grain of
analysis, the tactics employed have both instrumental and affective components.
For example, distributive tactics, besides trying to gain competitive advantage,
tend to be associated with angry or intimidating behavior whereas the integra-
tive tactics try to promote a positive affective climate [7].

Negotiators will often shift orientations during the course of a negotiation.
Several factors have been identified as being critical to moving towards an inte-
grative orientation, including acts of reciprocity, establishing trust, reinforcing
shared goals, etc. (e.g., [§]).

4 Negotiation Strategies for Virtual Humans

One of our first steps toward implementing a virtual doctor character was to
analyze how people act in that role. To this end, we have been conducting a
series of role-play sessions, in which one person plays the role of the captain while
another plays the role of doctor. Each is given a short set of instructions with
different background information, goals, and resources for the negotiation, but
given freedom as to how to conduct the negotiation and react to their partner.
In these dialogues we can see examples of each of the orientations described
in the previous section. For example in (1), the doctor displays an avoidance
orientation, and is able to divert the topic of the conversation from the move to
the military’s role in upcoming operations for over 10 turns (only the first few
are shown here). In (2), we see a doctor illustrating the distributive orientation,
contesting the basic facts and goals rather than working together on common
issues. In (3), we see an example of integrative orientation, the doctor having
accepted the danger of the current location and willing to meet the captain’s
goals if his own are also addressed.

(1) C: it’s a temporary move, once the battle is over, you will be moved back.

D: Why don’t you cancel your battle? Why don’t you not kill these people.
C: We're not the ones deciding the battle.
D: You’re the ones here. You’re telling me this.
(2) C: We need to move as soon as possible. There are insurgents in the area.
This is very unsafe, you're putting yourself and your patients in danger.
D: Why? I don’t want to move. I have all these patients here. They won’t
move, if I move who would who could save them?
C: Sir, Everyone is in danger! If we stay here there’s ...
D: I'm not in danger
(3) C: insurgents will not hesitate to harm civilians if that’s their path that
they need to take. They won’t hesitate to harm doctors, a doctor or even
injured patients if they feel that’s the the means to their end.
D: well
C: this is why you need to come to us.
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D: T think we can make a deal. You can give me medical supply, and then
we can go with you. I need supplies as soon as possible. As you can see,
we are running out of supplies.

We have developed strategies for each of these orientations. Our virtual hu-
mans can use the strategies to adjust their behavior toward the orientations
described above. A strategy consists of several aspects including: entry con-
ditions, which indicate when adoption is appropriate; exit conditions, which
indicate when the strategy should be dropped (often in favor of more appropriate
strategies); associated moves, which can be performed as tactics to implement
the strategy; and influences of the strategy on behavior and reasoning. These
aspects result from the underlying emotion and dialogue models of the virtual
humans.

The EMA (EMotion and Adaptation) model of emotion [9] describes how
coping strategies arise as cognitive and physical responses to important events,
based on the appraisal [10] of perceptions related to goals and beliefs. Appraisal
characterizes events in terms of variables that guide the selection of an appropri-
ate response (e.g., is this desirable? can it be avoided?), but the event need not
be physical. Negotiation strategies can thus be seen as types of coping strategies
in which the event in question is the negotiation itself, and moves are the types
of dialogue actions an agent will perform as part of a negotiation.

The avoidance orientation arises from an appraisal that the negotiation is
undesirable but avoidable. The main motivation is to try to escape from the
negotiation. When this appraisal is active, the agent chooses an avoidance
strategy. Exit conditions will be the negation of either of the entry conditions —
when the agent believes either that the negotiation has some utility or that it
is not avoidable, the agent will abandon the avoidance strategy. The avoidance
strategy involves attempts to change the topic of a conversation or get out of
it entirely. When applying the avoidance strategy an agent will refrain from
commenting on the object of negotiation, even to refute claims.

When in distributive mode, the agent will attempt to “win” rather than
“lose” the negotiation. This can be associated with several strategies, depending
on the type of decisions to be made and the range of possible alternatives. An
attack strategy is appropriate when the appraisal is that a negotiation is not
avoidable and the proposal is undesirable. Other strategies are also appropriate
for a distributive orientation, including defense against a threat rather than at-
tack, or making unreasonable demands in the hope the other party will drop the
negotiation. We defer this for future work. One should drop an attack strategy
when either the negotiation becomes desirable, or it becomes more profitable
to avoid (or defend) than attack. The attack strategy involves pointing out the
reasons why a proposal is flawed, or ad hominem attacks on the negotiator.

An integrative orientation leads to attempts to satisfy the goals of each of the
participants. The negotiate strategy is appropriate when an agent thinks there
is a possible value to the negotiation — e.g., there is a higher expected utility
from the expected outcomes than would be the case without the negotiation. This
strategy is dropped either when the perceived utility of continuing to negotiate
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drops below a threshold, or when the negotiation has been completed. Moves
in the negotiation strategy involve problem solving and bargaining, much in the
manner of the team negotiation in [4].

The success of a negotiation is also mediated by factors that influence the
perceived trust between parties, including a belief in shared goals, credibility
and interdependence. The doctor is unlikely to be swayed by an offer of aid if he
does not believe the captain can and will fulfill his commitments. Trust issues
are pervasive throughout the strategies, though building trust will be crucial in
allowing the adoption of integrative strategies, since there can be little point in
negotiating with someone you expect to lie, be ill-disposed toward you, or not
keep their side of a bargain.

Implementing the strategies in a virtual human leads to much more realistic
negotiation behavior, allowing our virtual human to engage in many of the types
of behavior seen in the role play exercises. For example, the dialogue in Figure
shows a sample interaction with our virtual doctor. This is just one of many
possible interactions, depending on the choices of the human captain, as well as
several aspects (some probabilistic) influencing the choice of moves and strategy
transitions of the virtual human doctor. We can see several distinct phases of this
dialogue, relating to different negotiation strategies. The initial segment (turns
1-7 ) includes initial greetings and establishing the topic for the conversation -
the captain wants to move the clinic. In turns 8-12, the doctor engages in the
avoidance strategy, trying to avoid this topic by bringing up other issues, such
as his need for supplies, and the general problems of conflict. In turns 14-20,
the doctor has adopted the attack strategy, and points out problems with the
proposed move. In turns 22-25, the doctor is in the negotiate strategy, and an
actual bargain is struck. Finally, turns 26-30 show a closing phase in which the
doctor disengages from the conversation, while the captain tries to establish
good relations for future interaction. Application of these strategies influences
not just the choice of dialogue move, but the whole body posture of the doctor
and use of gestures and expressions as well. In the next section we give more
details on how these strategies are implemented in virtual humans.

5 Virtual Human Negotiation Implementation

We take as our starting point the virtual humans implemented as part of the
MRE project [3]. These virtual humans are embedded in a dynamic virtual world,
in which events can happen, agents can perform actions, and humans and virtual
humans can speak to each other and communicate using verbal and non-verbal
means. The virtual humans include sophisticated models of emotion reasoning
[9], dialogue reasoning [11] and a model of team negotiation [4]. Agents use a rich
model of dialogue closely linked with a task model and emotional appraisals and
coping strategies for both interpretation of utterances as well as for decisions
about when the agent should speak and what to say.

To negotiate and collaborate with humans and artificial agents, virtual hu-
mans must understand not only the task under discussion but also the under-
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1 C Hello Doctor Perez.

2 D Hello.

3.1 C1I am Captain Kirk.

3.2 C Very nice to meet you! [+FAMILIARITY)

4 D What do you want?

5  C I have orders to assist you in moving this clinic to a safer location.

6 D You want to move the clinic?

7  C Yes [-SOLIDARITY)

Strategy shift: Avoid negotiating about move

8.1 D This conflict is madness, it is killing people!

8.2 D We need proper supplies here!

9  C It is not safe here we can’t protect you. [-CREDIBILITY]

10.1 D Protect me? Protect me from what?

10.2 D Are you going to attack?

11 C I can not disclose more information but it will be a problem to stay here.

12 D You are the problem your bombs are killing these people!

13 C Sir, we are trying to help these people too. [-CONTROL +SOLIDARITY]

Strategy shift: Disrupt negotiation about move

14.1 D The patients are here,

14.2 D to move the clinic is not possible we have many patients in critical condition.

15 C We can move you to a safer location.

16 D I can’t move all these patients.

17 C We can organize transportation and assist you with moving. [+SOLIDARITY)

18 D I can’t move all these patients.

19 C We can have locals move you. [+SOLIDARITY)

20 D There are no supplies there.

21 C We can provide you with supplies to help your patients. [+SOLIDARITY]

Strategy shift: Willingly negotiate about move

22.1 D I think I understand what you say.

22.2 D Well perhaps we can reach an agreement,

22.3 D but before we can think about moving, we need you to bring antibiotics and
plasma to stabilize the patients. [+INTERDEPENDENCE]

23 C We can do that! [+SOLIDARITY]

24.1 D Well,...

24.2 D Very well Captain contact my assistant to make further arrangements.

25 C I'll see to it personally. [+SOLIDARITY]

26.1 D I understand your position.

26.2 D My patients need my attention now.

27 C Thank you Doctor!

28.1 D Well,....

28.2 D I must go now

29 C Goodbye.

30 D Good bye.

Fig. 2. Example negotiation dialogue between C, a captain (human trainee) and D, a
doctor (virtual Human), showing strategy shifts and positive and negative effects on
trust
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lying motivations, beliefs and even emotions of other agents. The virtual hu-
man models build on the causal representations developed for decision-theoretic
planning and augment them with methods that explicitly model commitments
to beliefs and intentions. Plan representations provide a concise representation
of the causal relationship between events and states, key for assessing the rel-
evance of events to an agent’s goals and for assessing causal attributions. Plan
representations also lie at the heart of many reasoning techniques (e.g., plan-
ning, explanation, natural language processing) and facilitate their integration.
The decision-theoretic concepts of utility and probability are key for modeling
non-determinism and for assessing the value of alternative negotiation choices.
Explicit representations of intentions and beliefs are critical for negotiation and
for assessing blame when negotiations fail [12].

These virtual humans thus provided a good starting point for implementation
of the negotiation strategies described in the previous section. In the rest of
this section we describe the enhancements to these virtual humans which were
necessary to allow adversarial negotiations such as that shown in Figure[2l First,
we talk about aspects of the task and emotion model, including meta-actions for
negotiation itself, which allows explicit calculation of the costs and benefits of
negotiating, and serves to inform the decisions for entering and exiting strategies.
Next, we talk about the trust model, which is both dynamic through the course
of a dialogue and influences cognitive and expressive behavior. Then we examine
extensions to the dialogue model to use strategies in choice of move and body
posture. Finally we briefly describe a tool to look inside the mind of the virtual
human and see the effects of specific utterances.

5.1 Appraising the Negotiation

The EMA model of emotion incorporates general procedures that recast the
notion of emotional appraisal into an analysis of the causal relationship between
actions and goals in an agent’s working memory. For example, if an action of the
Captain threatens one of the doctor’s goals, this is undesirable and deserving
of blame, resulting in a response of anger. Depending on if the Doctor can take
actions to confront the threat, he may feel in control and engage in problem-
focused coping, or resign himself to the threat.

Our view of negotiation orientation as a form of appraisal and coping can
be represented within this existing model by simply encoding the negotiation
process as just another plan (albeit a meta-plan [I3]) within the task repre-
sentation described above. The potential outcomes of this plan are appraised
alongside the rest of the task network by the existing appraisal mechanisms,
and coping strategies applied to this task are mapped into different dialogue
moves. Thus, the negotiation about moving the clinic is represented as a single
“negotiate(move-clinic)” action that is automatically added to the task model
in response to the user opening a negotiation. This action has two meta-effects,
“cost” and “benefit” which represent the potential costs and benefits of moving
the clinic to another location.
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Two extensions are needed to derive the utility of these meta-effects and
their likelihood of attainment. One extension to the model is that the utilities
of these meta-effects are dynamically computed based on the current task and
dialogue state. In particular, the costs and benefits are derived by appraising the
individual sub-actions of the “move-clinic” plan. Any desirable effects with high
intensity are viewed as benefits and any undesirable effects with high intensity
are costs. Currently, these are simply added to compute an overall cost and
benefit. The perceived cost and benefit may change through the course of the
negotiation. For example, the doctor may believe there are no supplies in the
new location (a necessary precondition of the important goal of treating victims),
but the trainee may offer to provide supplies, and if believed, this commitment
would negate this threat to the move-clinic plan. A second extension is to base
the likelihood that the negotiation will succeed on properties of the dialogue
state. Currently, we adopt a simple heuristic. If the trainee persists in discussing
the negotiation, its likelihood of success increases, though the costs and benefits
of that success will depend on what concessions. the trainee has made.

Appraisal and coping operate directly on this meta-action. If the costs exceed
the benefits (appraised as undesirable) but the negotiation is unlikely to succeed
(leading to an appraisal of high changeability), the doctor will respond with mild
fear and copes through avoidance. If the trainee persists in discussing the move
(leading to an appraisal of low changeability), without addressing the underlying
costs and benefits, the doctor will respond with anger and cope by working
against the negotiation (corresponding to the distributive orientation). If the
trainee makes concessions that raise the perceived benefits of the move, the
doctor will respond with hope and work towards the negotiation (corresponding
to the integrative orientation).

5.2 Modeling Trust

According to the dialogue model in [14], the direct effect of an assertion is the
introduction of a commitment, whether or not either party believes in the asser-
tion. While this is sufficient for reasoning about the claims and responsibility for
information, we need to go further and potentially change beliefs and intentions
based on communicated information. Trust is used to decide whether to adopt
a new belief based on the commitments of another.

Similar to [I5] and [16] , trust is modeled as function of underling variables
that are easily derived from our task and dialogue representations. Solidarity is a
measure of the extent to which parties have shared goals. Solidarity is positively
updated when the trainee makes assertions or demands that are congruent with
the agent’s goals. Credibility is a measure of the extent to which a party makes
believable claims. It is positively updated when the trainee makes assertions that
are consistent with the agent’s beliefs. Finally, familiarity is a measure of the
extent to which a party obeys norms of politeness. Currently, an overall measure
of trust is derived as a linear combination of these three factors.
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5.3 Acting on Negotiation Strategies

We extended the dialogue model of [3/4] to take explicit account of strategies and
their influence on dialogue behavior. This model already allowed both reactive
responses (e.g., to answer a question, to ground an utterance, to respond to a
proposal) or speaker initiatives (e.g., to suggest a necessary or desired action, to
bring the dialogue back on track, according to an agenda of “to be discussed”
items). This model did not address non-team negotiation; the integrative ap-
proach was assumed and there was no possibility of avoiding a negotiation or
trying for an outcome other than what was good for the whole team. We have
extended the model to include explicit strategies, as described above, which gov-
ern how agenda items will be discussed. Strategies govern choice of topic and
dialogue acts, base body posture, and verbal and non-verbal (e.g. words and
gestures) realizations of acts.

The avoidance strategy is implemented by reversing the usual topical coher-
ence guidelines of sticking with one topic until it is resolved before bringing up
a new agenda item. When avoiding a topic, rather than direct grounding or ne-
gotiation, agenda items which are not central to the topic itself are raised. The
doctor’s nonverbal behavior also changes, including a posture shift to a crossed
arm stance, as shown in Figure[Il

The attack strategy does focus on the topic itself, but only on the reasons
why it might be bad. Each of these (potential) reasons, as calculated by the task
model, are added to the agenda, prioritized by the importance of the objection.
When the speaker no longer thinks they are objections, they will be removed
from the agenda. There is also a preference to bring up new objections rather
than repeat old ones (subject to the relative importance). If the attack strategy
is used when there are no objections in the task model, the speaker will instead
question the motivations for the action. When applying the attack strategy, the
doctor assumes an aggressive stance, with arms on hips at rest position.

The negotiate strategy follows the model from [4], with the focus of negotia-
tion to make sure that subactions of a plan to achieve a shared goal are commit-
ted to by the relevant agents, and maximizing utility for the speaker, perhaps
through bargaining. When following the negotiate strategy, the doctor’s posture
is more open, with arms casually to the side, when at rest.

Some of the same topics may be brought up in both the attack and negoti-
ate strategies, for example, the deficiencies of a plan. Generally there will be a
difference in focus, however — in the attack strategy the focus is on why this is
a reason not to act, while in the negotiate strategy, the focus is on the concern
as a mutual problem to be addressed and solved.

5.4 Explaining Agent Negotiating Behavior

For really learning about negotiation it is very helpful to know not just what the
other party did, but why. In real negotiations it is usually not possible to get
“inside the head” of the negotiating partner, and even subsequent questions can
sometimes damage the nature of the interaction itself. In this respect, virtual
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9  C it is not safe here we cant protect you

DECREASES CREDIBILITY: captain asserted unbelieved state ’patients-unsafe-here’
10.1 D protect me protect me from what

’patients-unsafe-here’ could be established by captain’s act of ’planned-attack’

10.2 D are you going to attack

11 C i can not disclose more information but it will be a problem to stay here

12 D you are the problem your bombs are killing these people

13 C sir we are trying to help these people too

DECREASES CONTROL:captain persists in negotiating ‘run-clinic-there’
INCREASES SOLIDARITY: captain committed to achieve desired state ’help-victims’
Strategy shift: Disrupt negotiation about run-clinic-there

(outcome seems negative but negotiation seems unavoidable)

Fig. 3. example trace from AAR tool

humans present a real opportunity to improve on training. We have implemented
a trace facility that provides an annotated transcript of the dialogue, showing not
just what the virtual human thought was said, but how it influenced his trust,
beliefs, and strategy choice. This tool can be used in an “after action review”
(AAR) to look in detail at the specific effects the trainee’s negotiation tactics
had. Figure 2 shows a very abbreviated version of this (for both space and clarity
reasons). In Figure Bl we show the full trace for a small section of the dialogue.
Here we can see the reason for decreases in credibility and control and increases
in solidarity at these points as effects of the commitments the captain makes in
relation to desires and beliefs of the doctor. Initially the doctor does not believe
the assertion made in 9. However, he realizes that if the captain attacks, that
would establish the unsafe condition, leading to the provocative question. Later
on, we see that the captain’s persistence in talking about moving leads to the
abandonment of the avoidance strategy.

6 Current Directions and Future Work

Our current implementation allows a human to interact with the virtual doc-
tor using speech and have many different negotiations of the sort illustrated in
Figure 2 The success or failure of the negotiation depends on the use of good
negotiating tactics. We are expanding the coverage in several directions to be
able to handle fully spontaneous dialogue such as those from which (1),(2), and
(3) were taken from. We also plan to evaluate the performance of the doctor
virtual agent, in a manner similar to the evaluation done for the MRE system
[17].

Negotiation is a complex human interaction. Although we have made signifi-
cant progress in modeling negotiation, much work remains and there are several
directions we plan to take our research next in order to extend our models. The
social science literature has identified a wide range of dialog moves/tactics that
negotiators use and we are interested in extending our work to incorporate these
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moves. We also want to extend the reasoning capabilities to handle other issues
in constructing arguments and conflict resolution, e.g. [18]. Another key interest
for us is the role that cultural factors play in negotiation, specifically, the role
that culture plays in the concerns of the negotiators, their tactics and nonverbal
behavior.
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Dialog Simulation for Background Characters

Dusan Jan and David R. Traum
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Abstract. Background characters in virtual environments do not re-
quire the same amount of processing that is usually required by main
characters, however we still want simulation that is more believable than
random behavior. We describe an algorithm that generates behavior for
background characters involved in conversation that supports dynamic
changes to conversation group structure. We present an evaluation of this
algorithm and make suggestions on how to further improve believability
of the simulation.

1 Introduction

When we are dealing with virtual environments with a large number of virtual
characters we encounter the problem when it is no longer feasible to simulate
each character as a fully animated conversational agent. It is acceptable and
desirable to provide main characters with speech recognition, speech synthesis,
high-fidelity gestures and lipsynch, analysis of input and an Al agent capable
of making informed decisions. On the other hand we would have to spend too
many resources to support this for many characters.

While we can ignore characters that are too far away from action, we need
at least some form of scripting to control the behavior of background characters
in view, to maintain the illusion [6]. Such scripting in form of hand animating
all motions is labor intensive and, if the simulation goes on for longer than the
amount of hand-animated material, usually provides repetitive behavior which
detracts from realism. One solution to this problem is use of simulation algo-
rithms to generate dynamic behavior for background characters. In our case [2]
we were mainly interested in behavior of agents involved in conversation. While
[8] bases its multimodal conversation model on information structure, a model
based on visual perception of the scene rather than on speech is more appropri-
ate for our domain. Therefore we decided to use the algorithm [I] proposed by
Padilha and Carletta as a starting point for our simulation.

We have extended the work in [2], adapting to characters in the unreal tour-
nament game engine, and allowing more dynamic starting, ending, and joining
of conversation flow. One of the limitations of the simulation algorithms in [I]
and [2] was the fact that it only supported one dialog going on at a time, mean-
ing that all characters participated in the same conversation. While we could
run multiple conversation simulations and explicitly assign different characters
to different conversations, this is still not realistic for many situations in which
characters move around and join or leave conversations. Likewise, even when

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 65-[T4] 2005.
© Springer-Verlag Berlin Heidelberg 2005
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people stay in the same position (e.g., at a meal or meeting), there are often
dynamic splits and realignments into sub-conversations. Adapting a simulation
that can handle dynamic creation and entry to conversations will allow more
realism as well as scaling to situations with larger numbers of characters than
would be supported by a single conversation.

2 Background

Since the conversation simulation is meant for background characters, who are
too far away from the main action to hear the content, we focus on the ap-
pearance of conversation and the patterns of interaction, rather than actual
information exchange or communication of internal state. To achieve realistic
behavior we use behavior observed in real human conversations, as synthesized
in [I]. Participants in conversation take turns at talk. During the turn they mon-
itor others to see if the others follow the conversations and to react to feedback
given by other participants. When the speaker is speaking there are natural
points where others can begin their turn. These are called transition relevance
points (TRPs). If the speaker addresses a particular participant with a question
then that person will usually take a turn at the TRP. On the other hand if the
speaker leaves a free TRP anyone can select to speak or the speaker may choose
to continue to talk.

At a free TRP we can have more than one participant deciding to start to talk.
In such cases we may have overlapped speech and there are various factors that
influence who keeps speaking. Another case that involves simultaneous speech
are interruptions. These can have several outcomes. The interrupter may stop
after a false start, the original speaker may be cut off or the original speaker
could decide to ignore the interrupter if he perceives the interruption as side
talk and is not bothered by it.

Most transitions however will happen at TRPs with only a small gap or no
gap at all. This is possible since the participants can anticipate the time TRP
will occur based on speech characteristics and also other non-verbal behavior.
Since we do not generate actual content of conversation speakers have to provide
explicit pre-TRP cues to give participants the level of information required to
behave realistically such as changing postures and similar non-verbal behavior
that indicates the intention of taking the turn at the next TRP.

3 Aspects of Conversational Simulation

In our test scenario we connected our algorithm to virtual characters within the
Unreal Tournament game engine. These characters had a small set of animations
available to indicate different modalities of conversations we were simulating.
These animations could be triggered by calling Unreal Tournament commands
from an external character controller. Besides the outputs that trigger anima-
tions we also have messages between characters (such as TRP signals, selection
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— begin speaking

— end speaking

— pre-TRP signal

— TRP signal

— selection of addressee

— positive or negative feedback
non-verbal

— nodding

— gestures

— posture shifts

— gaze

Fig. 1. Conversation Agent Message types

of addressee) that do not result in any direct visible outcome in the simulation.
Message types are shown in Figure [l

The implementation in [2] used a blackboard where all participants of the
conversation would exchange their messages and also had a fixed conversation
cycle synchronized between all participants. We found this setting limiting in
making the algorithm suitable for large number of agents with several ongoing
conversations so we implemented a distributed solution in which each character
implements its own decisions independently from other characters. To facilitate
this we have each character controller running in a separate thread, communi-
cating with other characters using messages. When a character receives a new
message it can react to it immediately or just update its internal state and make
a decision during normally scheduled processing.

In the algorithms in [I] and [2] every character was in conversation all the
time. Our extensions, however, allow situations when a character is not involved
in a conversation at all. From this arises the need to have some higher order
planning involved which decides when the character should join an existing con-
versation, when it should start a new conversation and also when to leave con-
versation because of the reasons external to the dialog simulation itself. In a
real virtual environment simulation this would also include planning for walking
around and performing other activities, but in this simple scenario we started
with conversation activities only.

Behavior of characters is controlled by a set of properties in a probabilistic
manner as in the previous algorithms. Each of these properties has a value from
0 to 1. Whenever one of these properties is tested, a random number is selected
and compared to the property value (possibly scaled based on contingent factors
of the conversation). The properties currently used are shown in Figure 21

Each character also keeps track of information about other characters. Each
character tracks the gaze of each other, and whether they are speaking, and
how long since that character has interacted in the conversation group of the
tracker. Characters also track the composition of their conversation group —
conversation groups are not defined externally but interpreted on the basis of
perceived actions. Characters can also mis-interpret the actions of others, and
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talkativeness likelihood of wanting to talk

transparency likelihood of producing explicit positive and negative feedback, and
turn-claiming signals

confidence likelihood of interrupting and continuing to speak during simultane-

ous talk

interactivity the mean length of turn segments between TRPs

verbosity likelihood of continuing the turn after a TRP at which no one is self
selected

Fig. 2. Conversational Agent Properties

can have different ideas about the composition of a conversation group. In future
work, we will use more realistic approaches to perception (e.g., [7]), so that agents
will only observe gaze and speech within their focus of attention.

4 Conversational Participation Algorithm

Each character runs a separate instance of the algorithm in its own thread,
with its own setting for the attributes, and its own internal representation of
the behaviors of others and group composition. The algorithm mainly con-
sists of a series of event handlers. We briefly describe the major events and
behaviors.

4.1 High-Level Planning

This part of the code is external to the main conversation algorithm. It represents
the high order planning of the character and in our case makes characters join
or leave conversation.

every planning cycle (approx. every 5 sec)
if in conversation
test to leave conversation
else if talkativeness test successful
decide to join existing conversation
or start a new conversation

4.2 Claiming a Turn

Characters decide (using the talkativeness parameter) whether or not to take a
turn when they receive pre-TRP signal. If they decide they will speak, they will
also decide (using the transparency parameter) whether to signal their intention
to speak with turn claiming signals if appropriate.

when receiving pre-TRP signal
test talkativeness to decide to speak
if so, test transparency to make turn claiming signal
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4.3 Starting to Speak

Whenever the character starts to speak it determines the timing of its turn,
including when to send a pre-TRP signal.

when starting to speak
if at TRP and someone already started speaking
test confidence to continue speaking
select segment length based on interactivity

4.4 Continuing Speaking

Sometimes when one finishes a segment, no one else takes over. In this case
the agent has the option to continue his own speech beyond what was initially
planned.

when you end segment and no one takes turn
test verbosity to continue speaking

4.5 Tracking Others Participation

Whenever an agent speaks or gives feedback to someone in a conversation group,
they will be an active participant as well. This section maintains the conversa-
tional group and activity of its members.

when receiving input from other characters
if they are signalling to someone in my group
then add them to group (if not already there)
if they are in my group and addressing someone in my group
update last time they were active

4.6 Responding to Others

This section calculates how an agent should respond to the initiation of speech
by another. Reaction will depend on whether the agent is also speaking and
who started first, whether the agent is part of the same conversation as the
speaker, and parameters of confidence (whether to continue speaking or not),
talkativeness (whether to join a conversation), and transparency (whether to
show feedback behavior). Decisions about leaving one conversation for another
are also made if a character is addressed by someone who is not in the same
conversation.

when someone starts to speak
if in conversation with me
if at TRP and I already started speaking
test confidence to continue speaking
if not speaking
test transparency to gaze at speaker
if I am not in conversation and they are speaking to me
test talkativeness to join conversation
test transparency to give signals of joining
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4.7 Main Loop
Below is the main loop that agents go through, as modified by the above events.

every conversation cycle (approx. every 0.5 sec)
remove characters that were inactive for too long
if no one is speaking
test talkativeness to start to speak
if so, start with random interval
select addressee
test transparency to shift posture
if no one was speaking for some time
if talkativeness test fails leave conversation
if listening to someone
if there is more than one speaker for some time
group was split into two or more conversations
keep speaker that I am listening to
remove participants that are attending to others
test talkativeness and confidence to interrupt
if speaking simultaneously
if there is only one additional speaker
and their addressee attends to them
then treat this as a side talk
remove both from conversation
otherwise test confidence to continue speaking
if speaking alone in a turn
decide when to gesture and gaze away
if no one is paying attention to me
if confidence test fails stop speaking

5 Evaluation

There are many possible ways to evaluate the simulation. One can try to fit the
model to observed conversations, as suggested by [I]. One could also test the
differences in simulation that would result from different sets of characters with
different sets of parameter values, e.g., whether it leads to domination of the
conversation by a single character or small set of characters. As suggested in [2],
we decided to test if the simulation ”looks like a conversation” to the viewer.

In our test scenario we used for our characters 6 Iraqi civilians that initially
are not involved in conversation. We recorded several simulations with different
character attributes and stored videos and internal logs of each agent to later
analyze and compare their internal states with responses from the viewers. A
snapshot from a conversation simulation is shown in Figure Bl We balanced selec-
tion of attributes with the physical bodies to control for surface characteristics
of the bodies and the effect of positioning. We also made one simulation where
characters decided randomly when to start speaking and who to gaze to in order
to have a baseline for comparison with our algorithm.
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Fig. 3. Iraqi civilians engaged in conversation

We created 3 different tests for the viewers. In the first part they were asked
to view several 30 second clips of simulations and decide how believable they
think each simulation was on a 7-point Likert scale. We also asked them to pro-
vide any information about what factors they thought made the conversation less
believable. In the instructions we also made clear to viewers that when judging
believability of the simulation they were to pay most attention the appropriate-
ness of behavior, particularly gaze and dialogue rather than animation quality
of the characters.

In the second part we asked viewers to view multiple 2 minute clips of sim-
ulations. We instructed them to pay attention to only one of the characters
(different characters for different clips) and analyze their behavior. Since the
attributes used in the algorithm are not all very visible in such a short dia-
log we decided to ask viewers about the perceived properties of the characters
rather than about underlying attributes. We asked viewers to judge the following
properties on scale from 1 to 7:

talkative how often is he talking:
1 — almost never talks
4 — talks about as much as everyone else
7 — talks almost all the time
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predictive does he give any signals before speaking:
1 — never gives any hints that he is about to speak
7 — always indicates that he wants to speak
transparent is he giving any signals that he is attending to the speaker:
1 — seems oblivious to others
7 — always signals understanding of others
interruptive is he interrupting when others are speaking:
1 — always waits for others to finish
7 — jumps into conversation all the time
confident is he likely to keep talking if others speak at the same time:
1 — gives up his turn if someone else starts to speak,
7 — never shuts up when others speak

How talkative a character is is influenced by talkativeness attribute, predic-
tive and transparent are both influenced by transparency. Confident characters
have high confidence attribute and interruptiveness is determined by combina-
tion of both talkativeness and confidence. We have not asked about verbosity or
interactivity because that would require observation of longer segments to get
significant results.

In the last part we asked viewers to track who they think is speaking with
whom, again for clips of 2 minutes in length. We used this data to compare how
the internal state of each character correlates to what is perceived by the viewer.

6 Results and Future Work

Eight people of various ages and cultural background anonymously participated
in our web-based evaluation. The average believability score for our algorithm
was 5.3 compared to score of 3.3 for random behavior. The difference is statis-
tically significant which indicates that most viewers were able to identify the
random behavior. We found that the highest scores were received by simulations
where either all characters participate in the same conversation or where the con-
versation groups correspond to positioning of the characters in the setting. Since
our algorithm does not take positioning of characters into effect when deciding
about creating new conversations and allowing conversations to split it is not
able to prevent this kind of undesirable behavior from happening. We propose
to make modifications to the algorithm that will take positioning into account
and will also control character movement to achieve positioning where characters
in the same conversation group separate themselves from other characters. We
plan to achieve this by tracking noise level for each character. Each speaking
character that is speaking, but not in the conversation group of this character,
would contribute to the noise level based on their distance. If the noise level
would get too high characters would either decide to break their conversations
or move away from characters that bother them in their conversation.

Part 2 proved to be a lot more difficult than we expected. Not only were
there differences between the values predicted by underlying attributes and re-
sults from viewers, but also the values varied widely between viewers. This would
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suggest that it is hard for humans to judge what the personality of a virtual char-
acter is, probably because of the lack of expressiveness when we compare virtual
characters to real humans. We guess that it would be hard to grasp the per-
sonality of a background character anyway. However, we still think that having
parameterized algorithm has its benefits since the structure of dialog changes
with different attribute settings. Since it is hard to evaluate personality of a
single character we propose to evaluate how different personality compositions
influence believability of simulation.

Results from part 3 showed that what viewers perceived roughly agreed with
the internal state of the characters. When a certain group composition was held
for a longer time most of the characters and viewers agreed with what the current
group composition was. Most of them correctly differentiated between normal
transitions, interruptions and side conversations. However when the side conver-
sations do not last long the results vary between characters and also between
viewers.

We have not yet tested the algorithm with large numbers of virtual charac-
ters, but as Ulicny reports in [9] the limiting part in large scale crowd simulations
is usually in rendering and not in the behavior generation. From our work so
far we can see that it is beneficial to dynamically create behavior for back-
ground characters as it both removes labor intensive work of creating scripts
and also improves believability of the simulations. However, we have seen from
the evaluation results that we have a lot of room for improvements, especially
in incorporating character movement in the simulations.
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Abstract. INTERFACE is an integrated software implemented in Matlab© and
created to speed-up the procedure for building an emotive/expressive talking
head. Various processing tools, working on dynamic articulatory data physi-
cally extracted by an optotracking 3D movement analyzer called ELITE, were
implemented to build the animation engine and also to create the correct WAV
and FAP files needed for the animation. By the use of INTERFACE, LUCIA,
our animated MPEG-4 talking face, can copy a real human by reproducing the
movements of passive markers positioned on his face and recorded by an opto-
electronic device, or can be directly driven by an emotional XML tagged input
text, thus realizing a true audio/visual emotive/expressive synthesis. LUCIA’s
voice is based on an Italian version of FESTIVAL - MBROLA packages, modi-
fied for expressive/emotive synthesis by means of an appropriate APML/VSML
tagged language.

1 Introduction

Emotions are quite important in human interpersonal relations and individual devel-
opment. Linguistic, paralinguistic and emotional transmission are inherently multi-
modal, and different types of information in the acoustic channel integrate with in-
formation from various other channels facilitating communicative processes. The
transmission of emotions in speech communication is a topic that has recently re-
ceived considerable attention, and automatic speech recognition (ASR) and multimo-
dal or audio-visual (AV) speech synthesis are examples of fields, in which the proc-
essing of emotions can have a great impact and can improve the effectiveness and
naturalness of man-machine interaction.

Viewing the face improves significantly the intelligibility of both natural and syn-
thetic speech, especially under degraded acoustic conditions. Facial expressions signal
emotions, add emphasis to the speech and facilitate the interaction in a dialogue situa-
tion. From these considerations, it is evident that, in order to create more natural talk-
ing heads, it is essential that their capability comprises the emotional behavior.

In our TTS (text-to-speech) framework, AV speech synthesis, that is the automatic
generation of voice and facial animation from arbitrary text, is based on parametric
descriptions of both the acoustic and visual speech modalities. The visual speech
synthesis uses 3D polygon models, that are parametrically articulated and deformed,

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 75 — 2005.
© Springer-Verlag Berlin Heidelberg 2005
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while the acoustic speech synthesis uses an Italian version of the FESTIVAL diphone
TTS synthesizer [1] now modified with emotive/expressive capabilities.

Various applications can be conceived by the use of animated characters, spanning
from research on human communication and perception, via tools for the hearing
impaired, to spoken and multimodal agent-based user interfaces.

The aim of this work was that of implementing INTERFACE a flexible architec-
ture that allows us to easily develop and test a new animated face speaking in Italian.

2 A/V Acquisition Environment

INTERFACE is an integrated software designed and implemented in Matlab© in
order to simplify and automate many of the operation needed for building-up a talking
head. INTERFACE is mainly focused on articulatory data collected by ELITE, a fully
automatic movement analyzer for 3D kinematics data acquisition [2].

ELITE provides for 3D coordinate reconstruction (see Fig. 1), starting from 2D
perspective projections, by means of a stereophotogrammetric procedure which al-
lows a free positioning of the TV cameras.

The 3D data dynamic coordinates of passive markers such as those illustrated in
Fig.2 are then used to create our lips articulatory model and to drive directly, copying
human facial movements, our talking face.

=y

]| A /D ooz

PEmn=—
ot

Articulatory signals

Fig. 1. A/V acquisition environment
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Fig. 2. Position of reflecting markers and reference planes for the articulatory movement data
collection (on the left), and the MPEG-4 standard facial reference points (on the right)

Two different configurations have been adopted for articulatory data collection: the
first one, specifically designed for the analysis of labial movements, considers a sim-
ple scheme with only 8 reflecting markers (bigger grey markers in Fig. 2) while the
second, adapted to the analysis of expressive and emotive speech, utilizes the full and
complete set of 28 markers. All the movements of the 8 or 28 markers, depending on
the adopted acquisition pattern, are recorded and collected, together with their veloc-
ity and acceleration, simultaneously with the co-produced speech which is usually
segmented and analyzed by means of PRAAT [3], that computes also intensity, dura-
tion, spectrograms, formants, pitch synchronous FO, and various voice quality pa-
rameters in the case of emotive and expressive speech [4-5].

3 INTERFACE

INTERFACE, whose block diagram is given in Fig. 3, was created mainly to develop
LUCIA [6] our graphic MPEG-4 [7] compatible Facial Animation Engine (FAE). In
MPEG-4 FDPs (Facial Definition Parameters) define the shape of the model, while
FAPs (Facial Animation Parameters), define the facial actions [8]. In our case, the
model uses a pseudo-muscular approach, in which muscle contractions are obtained
through the deformation of the polygonal mesh around feature points that correspond
to skin muscle attachments. A particular facial action sequence is generated by de-
forming the face model, in its neutral state, according to the specified FAP values,
indicating the magnitude of the corresponding action, for the corresponding time
instant.
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Fig. 3. Block diagram of INTERFACE (see text for details)

For a complete description of all the features and characteristics of INTERFACE, a
full detailed PDF manual is being prepared and it is available at the official LUCIA
web site: http://www.pd.istc.cnr.it/LUCIA/docs/InterFace20.pdf .

INTERFACE handles four types of input data from which the corresponding
MPEG-4 compliant FAP-stream could be created:

@ Articulatory data, represented by the marker trajectories captured by ELITE;
these data are processed by 4 programs:

e “Track”, which defines the pattern utilized for acquisition and implements
a new 3D trajectories reconstruction procedure;
e “Optimize”, that trains the modified coarticulation model [9] utilized to

move the lips of LUCIA, our current talking head under development;

e “APmanager”, that allows the definition of the articulatory parameters in
relation with marker positions, and that is also a DB manager for all the
files used in the optimization stages;

e “Mavis” (Multiple Articulator VISualizer, written by Mark Tiede of ATR
Research Laboratories [10]) that allows different visualizations of articula-
tory signals;

@ Symbolic high-level TXT/XML text data, processed by:

o  “TXT/XMLediting”, an emotional specific XML editor for emotion tagged
text to be used in TTS and Facial Animation output;

e  “TXT2animation”, the main core animation tool that transforms the tagged
input text into corresponding WAV and FAP files, where the first are syn-
thesized by emotive/expressive FESTIVAL module, and the last, which are
needed to animate MPEG-4 engines such as LUCIA, by the optimized ani-
mation model (designed by the use of Optimize);
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e “TXTediting”, a simple text editor for unemotional text to be used in TTS

and Facial Animation output;
@ WAV data, processed by:

o “WAV2animation”, a tool that builds animations on the basis of input wav
files after automatically segmenting them by an automatic ASR alignment
system [11];

o “WAValignment”, a simple segmentation editor to manipulate segmentation
boundaries created by WAV2animation;

@ manual graphic low-level data , created by:

e “FacePlayer”, a direct low-level manual/graphic control of a single (or
group of) FAP parameter; in other words, FacePlayer renders LUCIA’s
animation, while acting on MPEG-4 FAP points, for a useful immediate
feedback;

e “EmotionPlayer”, a direct low-level manual/graphic control of multi level
emotional facial configurations for a useful immediate feedback.

3.1 “Track”

MatLab®© Track was developed with the aim of avoiding marker tracking errors that
force a long manual post-processing stage and also a compulsory stage of marker
identification in the initial frame for each used camera. Track is quite effective in
terms of trajectories reconstruction and processing speed, obtaining a very high score
in marker identification and reconstruction by means of a reliable adaptive process-
ing. Moreover only a single manual intervention for creating the reference tracking
model (pattern of markers) is needed for all the files acquired in the same working
session. Track, in fact, tries to guess the possible target pattern of markers and the
user must only accept a proposed association or modify a wrong one if needed, then it
runs automatically on all files acquired in the same session. Moreover, we let the user
the possibility to independently configure the markers and also the FAP-MPEG corre-
spondence. The actual configuration of the FAPs is described in an initialization file
and can be easily changed. The markers assignment to the MPEG standard points is
realized with a context menu as illustrated in Fig. 4. By Track the articulatory move-
ments can also be separated from the head roto-translation, thus allowing to realize a
correct data driven articulatory synthesis.

The main innovations introduced with the Track software can be here summarized:

e the reference model (see Fig. 4) remains the same for the entire working ses-
sion, that is for all the acquisition files for which the configuration model is not
modified; in other words, once the valid mask for a particular session is defined,
the process of tracking the trajectories could be automatically started for the
whole set of files;

e the marker identification and the reference space deformation problem have
been exceeded with an algorithm based on the Singular Value Decomposition
(SVD)[12]; this procedure has the intrinsic advantage to operate an error mini-
mization while calculating the roto-translation, even independently from using a
perfect undeformable reference space;
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erFace: Marker-Fap configuration manager
Marker n. 20 - Ad associated to FAP n. 54 [Horizontal displacement of right auter lip corner], n. 60 [Vertical displacement of right outer lip comer]
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Fig. 4. Marker MPEG-FAP association with the Track’s reference model. The MPEG reference
points (on the left) are associated with the Track’s marker positions (on the right).

e almost all the processing stages have been automated; Track can work on a sin-
gle file or on an entire directory, without manual intervention; a manual error
correction phase can always be obviously set at the end of the processing;

¢ in the generation of the necessary FAP-stream for the animation, the correspon-
dence between the acquisition marker points and standard MPEG-4 points is
completely reconfigurable, this implying the possibility to adopt whichever
other protocol to be used for the animation;

e the produced FAP-stream takes into account the roto-translation and the scale
factors of the head that has to be animated, thus allowing a correct data-driven
synthesis of whichever MPEG-4 compatible agent.

The Track interface is illustrated in Fig. 5. The area on the left regards operations on
single files that is the 3D reconstruction, the MPEG-4 compatible data conversion, the
visualization and editing of 2D and 3d marker trajectories, and the setting of the refer-
ence model (see Fig. 4).

The central Directory Operation buttons do the same processing with directories
instead of single files, while the bottom area shows the correspondence between the
FAP animation parameters and the trajectories of the markers that are currently under
control. The presence of more than a single identification number for each FAP
means that the control can be executed along the three different Cartesian axes. As an
example, the first cell on the left (Mn), relative to the chin, contains the movements
on all the three reference axes. With a simple click on the relative push-buttons it is
possible to redefine the marker-FAP correspondence. Processing and Synthesis but-
tons refers to other INTERFACE programs which can be directly called within Track
itself other than within the main interface.
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In summary, as illustrated in the examples shown in Fig. 6, for LUCIA, Track al-
lows 3D real data driven animation of a talking face, converting the ELITE trajecto-
ries into standard MPEG-4 data and eventually it allows, if necessary, an easy editing
of bad trajectories. Different MPEG-4 Facial Animation Engines (FAEs) could obvi-
ously be animated with the same FAP-stream allowing for an interesting comparison
among their different renderings.

== Track: 3D Trajectories Reconstruction
Fle DirProc. Delete Options Window About

Single File Operation Directory Operation Processing Synthesis

[ 3D reconstruction

30 reconstruction (. dbt to .ric dir) Optimization Wyaw file selection

Create MPEG fram .dbt NO isuaikaton :lv Create MPEG (.dbt to fap dir) APmanager Fap file selection

| MPEG from .ric i Create MPEG (ric to fap dir) Mavis Marker-Fap Caonf.

[ 3D visualization Ed n Stop
2D visualization W [ Lucia synthesis |
P

Inter ! -
Show Reference Model
LUE o filter

- _|— Greta synthesis [
Load a Model .
dR
| Create a Model || DiElite\interF acewWodenbodel_01v.bd
Ofv.tut

19 1l ker-Fal figuration file

Marker-Fap Configuration

Fig. 5. “Track” interface

Fig. 6. Examples of a single-frame LUCIA’s emotive expressions. These were obtained by
acquiring real human movements with ELITE, by automatically tracking and reconstructing
them with “Track”, and by reproducing them with LUCIA.

3.2 “Optimize”

The Optimize module implements the parameter estimation procedure for LUCIA’s
lip articulation model. For generating realistic facial animation is necessary to repro-
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duce the contextual variability due to the reciprocal influence of articulatory move-
ments for the production of following phonemes. This phenomenon, defined coarticu-
lation is extremely complex and difficult to model. A modified version of the Cohen-
Massaro coarticulation model [6] has been adopted for LUCIA and a semi-automatic
minimization technique, working on real cinematic data acquired by the ELITE opto-
electronic system [2], was used for training the dynamic characteristics of the model,
in order to be more accurate in reproducing the true human lip movements .

This procedure is based on a least squared phoneme-oriented error minimization
scheme with a strong convergence property, between real articulatory data Y(n) and
modeled curves F(n) for the whole set of R stimuli belonging to the same phoneme set:

=3 (X1 (m)=F (n)') “)

where F(n) is generated by a modified version of the Cohen-Massaro coarticulation
model [6] as introduced in [13-14]. Even if the number of parameters to be optimized
is rather high, the size of the data corpus is large enough to allow a meaningful esti-
mation, but, due to the presence of several local minima, the optimization process has
to be manually controlled in order to assist the algorithm convergence. The mean total
error between real and simulated trajectories for the whole set of parameters is lower
than 0.3 mm in the case of bilabial and labiodental consonants in the /a/ and /i/ con-
texts [15, p. 63]. At the end of the optimization stage the lip movements of our
MPEG-4 LUCIA can be obtained simply starting from a wav file and its correspond-
ing phoneme segmentation information.

3.3 “TXT/XMLediting”

This is an emotional specific XML editor explicitly designed for emotional tagged
text such as that shown in Fig.7.

<?xml version="1.0" encoding="is0-8859-1"7>

<IDOCTYPE APML SYSTEM "apml.dtd">

<apml>

Ciao sono LUCIA.

<affective type="anger"> Sono proprio arrabbiata.</affective>
<affective type="fear"> Ma anche molto impaurita.</affective>
<affective type="sadness"> Sono molto triste,</affective>
</apml>

Fig. 7. Example of a text tagged with APML mark-up language extensions for emotive au-
dio/visual synthesis

The APML mark up language [16] for behavior specification permits to specify
how to markup the verbal part of a dialog move so as to add to it the "meanings" that
the graphical and the speech generation components of an animated agent need, to
produce the required expressions (see Fig. 8).
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Fig. 8. APML/VSML mark-up language extensions for emotive audio/visual synthesis

So far, the language defines the components that may be useful to drive a face
animation through the facial description language (FAP) and facial display functions.
The extension of such language is intended to support voice specific controls. An
extended version of the APML language has been included in the FESTIVAL speech
synthesis environment, allowing the automatic generation of the extended “.pho” file
from an APML tagged text with emotive tags. This module implements a three-level
hierarchy in which the affective high level attributes (e.g. <anger>, <joy>, <fear>,
etc.) are described in terms of medium-level voice quality attributes defining the pho-
nation type (e.g., <modal>, <soft>, <pressed>, <breathy>, <whispery>, <creaky>,
etc.). These medium-level attributes are in turn described by a set of low-level acous-
tic attributes defining the perceptual correlates of the sound (e.g., <spectral tilt>,
<shimmer>, <jitter>, etc.). The low-level acoustic attributes correspond to the acous-
tic controls that the extended MROLA synthesizer can render through the sound proc-
essing procedure described above. This descriptive scheme has been implemented
within FESTIVAL as a set of mappings between high-level and low-level descriptors.
The implementation includes the use of envelope generators to produce time curves of
each parameter.

3.4 “TXT2animation” (“AVengine”)

This represents the main core animation module. 7X72animation (also called
“AVengine”) transforms the emotional tagged input text into corresponding WAV and
FAP files, where the first are synthesized by the Italian emotive version of
FESTIVAL, and the last by the optimized coarticulation model, as for the lip move-
ments, and by specific facial action sequences obtained for each emotion by knowl-
edge-based rules.

Anger, for example, can be activated using knowledge-based rules acting on action
units AU2 + AU4 + AUS + AUI10 + AU20 + AU24, where Action Units correspond to
various facial action (i.e. AU1: “inner brow raiser”, AU2: “outer brow raiser”, etc.) [8].
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In summary, a particular facial action sequence is generated by deforming the face
model, in its neutral state, according to the specified FAP values, indicating the mag-
nitude of the corresponding action, for the corresponding time instant. In MPEG-4,
FDPs (Facial Definition Parameters) define the shape of the model while FAPs (Fa-
cial Animation Parameters), define the facial actions deforming a face model in its
neutral state. Given the shape of the model, the animation is obtained by specifying
the FAP-stream that is for each frame the values of FAPs (see Fig. 9). In a FAP-
stream, each frame has two lines of parameters. In the first line the activation of a
particular marker is indicated (0, 1) while in the second, the target values, in terms of
differences from the previous ones, are stored. In our case, the model uses a pseudo-
muscular approach, in which muscle contrac-tions are obtained through the deforma-
tion of the polygonal mesh around feature points that correspond to skin muscle
attachments.

Each feature point follows MPEG4 specifications where a FAP corresponds to a
minimal facial action. When a FAP is activated (i.e. when its intensity is not null) the
feature point on which the FAP acts is moved in the direction signaled by the FAP it-
self (up, down, left, right, etc).

frame number

frame rate 68 feature points
info A
— -~ —
k 2.1 G:\inimationiFacePlayer\TempFile 25 271
Frameﬂ{n 1111114111111 1111111111100...0001311111111111100100000
0010 10001WOIWIWOIO000000000000Q00D0O0 ...01WW01W0101W0000
Frame I{D o111111411111111111111111100 .000111111111111100100000
101010001010 1010-3-3000001100-3 -3 ...100010 10 10 10 -3 -3 0
Frame 2 {D oci11111141111111111111111100...00111111111111100100000
201010001010 1010-12Z-1200000442¢2-14...00-5013 101000 10 10 10 10 -12 -12 O
mee-‘{ﬂﬂ 11111141111 111111111111100...00011111111111110010000080
301010001010 1010 -28 -26000005944-32 ...00-12 023010 100 0 10 10 10 10 -28 -28 0
Frame {U g11111111111111111111111100...000111111111111100100000
268 268 139 -36 -198 18 18 -36 -36 -198 -198 73 73 13 0 27 ... -33 -22 -198 18 18 -22 -22 -198 -198 73 73 0
Frame {U g11111111111111111111111100...00111111111111100100000
269 269 128 -4 -186 3 3 -4 -4 -186 -166 24 24 12 0 24 10 0 ... 10 -186 3 3 10 10 -186 -186 24 24 O
Frame {U g11111111111111111111111100...00111111111111100100000
270 270 118 12 -173 -5 -5 12 12 -173 -173 00 11 021 900 ... -5 -525 25 -173 -173 00 O

Fig. 9. Example of a FAP stream

Using the pseudo-muscular approach, the facial model’s points within the region of
this particular feature point get deformed. A facial expression is characterized not
only by the muscular contraction that gives rise to it, but also by an intensity and a
duration. The intensity factor is rendered by specifying an intensity for every FAP.
The temporal factor is modeled by three parameters: onset, apex and offset [8].

The FAP-stream needed to animate a FAE (Facial Animation Engine) could be
completely synthesized by using a specific animation model, such as the coarticula-
tion one used in LUCIA, or it could be reconstructed on the basis of real data captured
by an optotracking hardware, such as ELITE.
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3.5 “WAV2animation” and “WAVsegmentation”

WAV2animation is essentially similar to the previous TXT2animation module, but in
this case an audio/visual animation is obtained starting from a WAV file instead that
from a text file. An automatic segmentation algorithm based on a very effective Ital-
ian ASR system [11] extracts the phoneme boundaries. These data could be also veri-
fied and edited by the use of the WA Vsegmentation module, and finally processed by
the final visual only animation module of TXT2animation. At the present time the
animation is neutral because the data do not correspond to a tagged emotional text,
but in the future this option will be made available.

3.6 “FacePlayer” and “EmotionPlayer”

The first module FacePlayer (see Fig. 10) lets the user verify immediately through
the use of a direct low-level manual/graphic control of a single (or group of) FAP
(acting on MPEG4 FAP points) how LUCIA or another FAP Player renders the corre-
sponding animation for a useful immediate feedback.

v T
TN
o ongine “CA

angine: "C'A

rm Far TR

Fig. 10. FacePlayer. A simple graphic tool for the facial rendering of a FAP Player such as
LUCIA or GRETA [17] by the dynamic manipulation of single markers.

EmotionPlayer, which was strongly inspired by the EmotionDisc of Zofia Rutkay
[18]), is instead a direct low-level manual/graphic control of multi level emotional
facial configurations for a useful immediate feedback, as exemplified in Fig. 11.
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Fig. 11. Emotion Player. Clicking on 3-level intensity (low, mid, high) emotional disc [18], an
emotional configuration (i.e. high -fear) is activated.

4 Conclusions

With the use of INTERFACE, the development of Facial Animation Engines and in
general of expressive and emotive Talking Agents could be made, and indeed it was
for LUCIA, much more friendly. Evaluation tools will be included in the future such,
as for example, perceptual tests for comparing human and talking head animations,
thus giving us the possibility to get some insights about where and how the animation
engine could be improved.
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Abstract. In this paper, we propose a new integration approach to simulate an
Autonomous Virtual Agent's cognitive learning of a task for interactive Virtual
Environment applications. Our research focuses on the behavioural animation
of virtual humans capable of acting independently. Our contribution is impor-
tant because we present a solution for fast learning with evolution. We propose
the concept of a Learning Unit Architecture that functions as a control unit of
the Autonomous Virtual Agent’s brain. Although our technique has proved to
be effective in our case study, there is no guarantee that it will work for every
imaginable Autonomous Virtual Agent and Virtual Environment. The results
are illustrated in a domain that requires effective coordination of behaviours,
such as driving a car inside a virtual city.

1 Introduction

The production of believable Autonomous Virtual Agents (AVAs) that are outfitted
with learning abilities in a Virtual Environment (VE) is very helpful in many areas. In
computer games, the use of AVAs capable of learning a specific task and evolving
their skills for that task can greatly improve both the enjoyment and the strategy of the
game-play.

An AVA driving a car inside a virtual city is an example of this feature. By adjust-
ing its internal “memory” to match the level of difficulty, the AVA is able to accom-
plish the task. This process of problem solving can be referred to as task learning. In
real life, human learning involves many complex cognitive processes. Realistically,
the simulation of AV As exhibiting behaviours that reflect those of humans demands
efficient simulation algorithms. This is especially true for the interactive systems such
as computer games.

A number of challenges are raised in developing a system incorporating learning
AVAs. From a behavioural animation point of view, there are several areas to con-
sider, such as:

1. The design of a learning control structure,

2. The internal storage of the learning information and

3. The efficient evaluation and calculation of feedbacks and reactions from the en-
vironment.

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 88 —@, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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Learning involves adaptation and evolution in which modifications made by internal
subunits of the adaptive system, like the human brain, mirror external environmental
changes. Up to a certain degree of complexity, many Artificial Intelligence (AI) mod-
els are able to simulate human learning behaviour [1].

The simulation of human behaviour is achieved through the use of a complex
“cognitive map” and the application of a hierarchy of behavioural strategies [2]. The
overall cognitive mapping process involves acquisition, coding, storage, recall and
decoding [3] of the environmental information. In fact, an individual “cognitive map”
will often contain numerous inaccuracies or distortions [4]. Many of these are due to
the fact that humans predominantly use a visual perception system and they are un-
able to process everything they see because of the vast amount of incoming informa-
tion [5]. Other errors result from the way the information is processed and stored
within the "cognitive map" structure itself. Therefore, to simulate human-like behav-
iour more closely, we separate the AVA from its environment and provide it with
perception and effector systems only.

We have developed [6] new methodologies to map all the information coming
from the VE and from the virtual sensors of vision, audition and touch in the form of
a “cognitive map”. They enable the partial re-mapping of the cognitive and semantic
information at a behavioural level. For example, when spatial attention is primed with
tactile stimulation, the location of the attention spotlight is only partially re-mapped in
visual coordinates. With the aid of this framework, we can prepare multi-sensory
information for cognitive learning.

Unlike mechanical memory that can permanently store information, human mem-
ory is imperfect and information can be forgotten. Humans and animals selectively
process only the information that is important to them whilst actively searching for
new information. Similarly, we can have two types of learning in an intelligent sys-
tem:

1. Active learning where the system selects filters and searches for relevant infor-
mation.
2. Passive learning where the system accepts all incoming data.

In this paper we are presenting research work in the domain of behavioural animation
using a high learning approach combined with an active learning approach. This is
accomplished through the use of a cognitive model defining how the AVA should
react to stimuli from its environment. In summary, this paper presents a novel ap-
proach that allows an AVA to learn a "cognitive model" by itself.

Document Organisation: Section 2 — State of the Art; Section 3 — Methodology;
Section 4 - Realisation and Integration; Section 5 — Experimental and Results; Section
6 — Discussion and Improvement Proposals.

2 State of the Art

A great deal of research has been performed on the control of animated autonomous
characters [7-10]. These techniques have produced impressive results, but are limited
in two aspects. Firstly, they have no learning ability and are thus limited to explicit
pre-specified behaviours. Secondly, they only perform behavioural, not cognitive,
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control (where behavioural means reactive decision making and cognitive means
reasoning and planning to accomplish long-term tasks).

On-line behavioural learning has begun to be explored in computer graphics [11]
and [12]. A notable example is [13], where a virtual dog can be interactively taught by
the user to exhibit a desired behaviour. This technique is based on reinforcement
learning and has been shown to work well in [14]. However, it has no support in
long-term reasoning to accomplish complex tasks. Also, since these learning tech-
niques are all designed to be used on-line, they are, for the sake of interactive speed,
limited in terms of how much can be learned.

3 Methodology

In this section we introduce AVA learning in which an AVA automatically learns an
unknown cognitive model. We have developed a novel technique to achieve AVA
learning using a tree search with a k-nearest neighbours (k-NN) method.

3.1 Human Adaptability to Learn

In order to simulate the AVA’s learning behaviour, a learning model has to be
adapted. Learning by experience is one of the most well known principles of human
task learning behaviour [15]. Indeed, most of the time we learn by direct experience
in performing a task. Learning is an intricate process which involves many aspects of
cognitive activities including knowledge acquisition, observing and thinking.

Since each person has his/her own motivations and method of learning, the learn-
ing process is affected by the learning pattern. To perform a specific task, a person’s

Motivation

Learning Pattern Behaviour

Control

Knowledge Decision

Memory of
Experience

Message Perception

Flow Model 3
Motion Environnement

Virtual
. Experience
Modelling u u

Fig. 1. General behavioural Simulation Model
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skills and abilities for the task can be developed during practice [16]. This concept is
summarised in Fig. 1 and is used to make up the basis of our learning cognitive model
for the AVA simulation. Fig. 1 shows the key elements of the human learning process
such as: background knowledge of a specific task, motivations to accomplish the task,
memory of the past experiences, individual learning pattern and finally trial and error.
The learning process is a process of adaptation, evolution and decision making as a
whole. Another key issue of learning is the environmental feedback.

3.2 AVA Learning a Cognitive Model and Control Structure

For any given AVA and VE the state space must be continuous. This is because in a
stimulating environment where an agent and a human are competing or cooperating
intimately, a small difference in state can lead to a large difference in behaviour. A
continuous state space can also help achieve a realistic VE. For example, in our car
driving case study, a discrete state space would be very unnatural for a car driving
simulator. Therefore, our technique uses a continuous internal representation of states
and actions.

Most machine-learning algorithms make general and weak assumptions about the
nature of the training data. As a result, they typically require large amounts of data to
learn accurate classifiers. Normally, the performance improves as the algorithm ex-
ploits more information. It generally performs better at recognition than at generaliza-
tion. This problem can be solved by taking advantage of prior knowledge to eliminate
the inconsistent classifiers. Hence, the resulting learning algorithms may be able to
learn from very few training examples. To recognise a point, the k-NN method implic-
itly makes a comparative estimate of all the densities of class probabilities appearing
in its vicinity and chooses the most probable. In fact, it approximates the Bayesian
decision. Finally, a vector of quantification is introduced. The technique consists of
replacing a completed combination of points by a limited number of prototypes repre-
sentative of the training set.

However, there is a risk involved in incorporating prior knowledge, since this can
add a bias to the learning process. If the knowledge is incorrect, it will then eliminate
all the accurate classifiers. As a result, learning algorithms tend to perform fairly well
on small training sets but, as the amount of data increases, as in our driving context,
their performance suffers because they under fit the data.

In most real-world problems all of these approaches are limited by the very large
space of the possible states. These algorithms typically require time that is scaled in
terms of the cube of the number of states. Hence, [17] and other researchers have
focused on methods to construct computationally manageable approximations of the
policy, the value function and the model.

The k-NN algorithm was chosen as it provides a local approximation of the target
function and can be used automatically without the designer selecting the inputs. It is
guaranteed to learn the target function based on the quality of the examples provided
and to memorize the decisions made by planning through a cognitive model. The
decision-making of a cognitive model is a very important piece of information. The
mapping is likely to be smoother if the information is presented as a separate input to
the k-NN algorithm.
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Generally with the k-NN approach, decreasing the number of points reduces the
search space and the storage problem. This also leads to a diminution of the computa-
tion time. We used a pre-computed phase before the search phase to reorganize the
learning space.

The k-NN method does not require the separation of the various classes of learning.
Instead, we selected a sub-domain of learning points. However, the method necessi-
tates the explicit storage of many examples of the target function. It can also auto-
matically discover the inputs necessary to approximate the target function like in our
car driving cognitive model. The choice of the k-NN metric influences the rate of error
and rejection.

Our technique is quite scalable since, if a global approximation is needed, the cog-
nitive model can be approximated by several separate machine learners: k-NN, DSM
(Decision Surface Mapping), LVQ (Learning Vector Quantization) and SVM (Support
Vector Machine). Each of them learns a distinct subset of the state to action mapping
(see Fig. 2). Decision-making in different regions of the state space may rely on dif-
ferent state information and therefore these machine learners can use different state
formulations to reduce the dimensionality.

Our new approach uses a methodology adapted from the data mining domain [18]
which computes a locally flexible metric by means of SVM. The maximum margin
boundary is used to determine the most discriminated direction over the query's
neighbourhood. Such direction provides a local weighting scheme for the input features.

Smooth switching between
learners during animation

@ —©
e —
® | g?
—> X

Fig. 2. Cognitive Model with smooth blending. For query A, dimension X is more relevant
because a slight move along axis X may change the class label, while for query B, dimension Y
is more relevant. For query C, however, both dimensions are equally relevant.
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To allow for smooth switching between learners during animation, the actions rec-
ommended by each one can be blended for a period of time (see Fig. 2). Traditionally,
cognitive models are very slow to execute. Performing our smooth blending technique
accelerates this cognitive learning process.

3.3 Evolving Process

Each individual's learning pattern and knowledge about the task are represented by
predefined motion patterns that may be motion capture data.

Taking the example of high jump, an AVA is assumed to have previously acquired
the knowledge of how to jump by making full body movement. However, the AVA
has to improve its performance in order to achieve a target. A high jump athlete may
have to make several attempts before he/she can jump over a horizontal bar. Simi-
larly, simulating this kind of task requires an evolution model that approximates the
evolving learning process during which the ability of the virtual athlete evolves as it
improves.
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Fig. 3. AVA High Learning (AVAhighLEARN) with our Learning Unit Architecture (LUA)

Our proposal of an approach for the evolving process involves "behaviour capture”
and a Learning Unit Architecture (LUA). Supplying a different cognitive model for
each context is a simple method of learning context-sensitive policies. These policies
are then placed in the AVA's brain and the selection of the suitable k-NN to use is
determined by the AVA's current internal state (see Fig. 3).

For the evolving process, we introduce features such as forgetting and unimpor-
tance. If a state to action case was recorded long ago and/or is very similar to a new
one being added, it is likely to be removed. Thus the AVA has the ability to "forget",
which is very important in learning something as dynamic as a human behaviour.

4 Realisation and Integration

The realisation and integration of our AVA High Learning (AVAhighLEARN) meth-
odology which combines different machine-learning techniques with several novel
improvements could be more useful to the computer graphics community than tech-
niques based purely on machine-learning approaches (see Fig. 4).
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Fig. 4. Comprehensive UML design of AVAhighLEARN including virtual sensors from our
AlifeE framework

An AVA is fitted with sensors to inform it of the state of its external and internal
VE. An AVA also possesses effectors to exert an influence on the VE and a control
architecture to coordinate its perceptions and actions. The AVA's behaviour is adap-
tive as long as the control architecture allows it to maintain its variables in their vi-
ability zone. All of these characteristics are integrated in our ALifeE framework (see
Fig. 4) developed for our research. It is based on an original approach inspired by
neuroscience and equips an AVA with the main virtual sensors in the form of a small
nervous system [6]. The acquisition steps of signals, filtering, selection and simplifi-
cation intervening before proprioception, active and predictive perception are inte-
grated into virtual sensors and a virtual environment.

S Experimental and Results

With our approach it is not necessary to program an explicit cognitive model. Study-
ing how a task is accomplished is usually necessary before an explicit AI model can
be programmed. Thus, in this experiment, our technique for AVA learning relieved us
of this burden and therefore reduced the animation workload.

We implemented our cognitive model learning approach to the driving simulation
of a car inside a virtual city (see Fig. 5a and b). The AVA is a pilot driving a car in-
side the virtual city. The pilot and his/her co-pilot, have dual control over the accel-
eration and the wheel of the car (see Fig. 6). The controls are real-value (e.g. the ac-
tion space is continuous) and the car can move to any location or take any orientation.
The continuous action is then quantified to achieve real-time performance. Conse-
quently, the possible actions of the pilot and the virtual instructor become limited.

The experiment is performed with an approximate cognitive model with the ALifeE
framework [6] but with pseudo-perception features. The characteristics of pseudo-
perception are used to compare the performances obtained with case study including
our ALifeE framework. Indeed, in most of the AVA’s simulation environments, senso-
rial modalities and perception are not integrated in a way faithful to reality. In this
experiment visual pseudo-perception is provided by the AVA pilot's field of view
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which is in the shape of a circular zone (see Fig. 7a and b). Dynamic (e.g. cars) and
static (e.g. road signals, traffic lights) objects are represented by rectangular graphic
symbols. To test the recognition of the road signals and traffic lights, we integrated
this visual pseudo-perception method so that it could determine which object is the

n_.n

closest to a given ray "r" of the circular zone (see Fig. 7b).

e L T e ey EETET PP T

Fig. 5a and b. Car driving simulation inside a virtual city. Semantic information such as road
signals and traffic lights are included.
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Fig. 6. Explicit cognitive model with inputs and outputs

Fig. 7a and b. An AVA learning to drive a car inside a virtual city with visual pseudo-
perception. The car "sees" the traffic lights inside a circular zone.
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The k-NN algorithm was trained to approximate a single policy. It is only useful
for one cognitive model and one goal at a time (see Fig. 3). Fig. 8a and b show the
training of the approximate cognitive model for driving and the path of a car inside
the virtual city, respectively. Subsequently, the information is used to simulate the
behaviour of the AVA pilot.

There can be more than one model for any given goal so that greater variety and/or
robustness can be achieved. It is also possible to use the k-NN algorithm with differ-
ent explicit cognitive models of the same AVA's "brain" (see Fig. 3).

In this experiment we improved the planning of our cognitive model taking advan-
tage of the pseudo-perception features.

We tested our methodology with a LUA concept, mainly to encourage evolution of
push the behaviours of the pedestrians to evolve and to verify the car pilot’s ability to
"forget", which is essential in learning dynamic human behaviours.

The final result was good driving behaviour, since the pilot could plan far enough
ahead to adequately manoeuvre the car inside the virtual city. We achieved our best
results by performing low-level learning method for 40 iterations (see Table 10).

Fig. 9a and b. A pilot wishes turns left and the co-pilot's indicators inform him to turn right
based on his learning knowledge — road signals. The panel informs the driver that he/she must
turn right (Arrow in red at bottom right corner of fig. 9b). The co-pilot, steering wheel is indi-
cated by a red circle.
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Table 10. Results of our cognitive model with AVAhighLEARN method, using Learning Unit
Architecture (LUA). All animations were rendered in real time using OpenGL on a 3.0 GHz PC
with an nVIDIA GeForce FX Go5350 video card.

k-NN DSM LVQ SVM
Execution 15 ps 9 ps 8 us 6 us
time
Storage 1.4 MB 1.4MB 1.2 MB 24 KB

6 Discussion and Improvement Proposals

In this paper we presented a novel approach to simulate an AVA’s task learning be-
haviour for interactive VE applications. Our contribution is to propose the concept of
a Learning Unit Architecture (LUA) that works as a control unit of the AVA’s brain.
The LUA model is based on a human learning model. It is not a true simulation of the
real human brain’s learning activities, but rather a simulation system that models its
numerous aspects. This LUA can also be extended to represent different types of
learning behaviours.

Through this general and reusable technique, an AVA automatically learns to
mimic the intelligent decision making process of a human. This is carried out by a
human animator who has interactive control over the actions and decisions of the
AVA. The designer constructs the cognitive model in an intuitive manner thus making
this process simpler and quicker.

Future work should continue to improve the current simulation system in order to
simulate more complex human learning behaviours. The challenges that need to be
addressed concern the efficiency, the realism and the control of the simulation.

Through this AVAhighLEARN method, an AVA can independently and automati-
cally learn a cognitive model. For the animator, this alleviates the workload of design-
ing an explicit model. It also permits the creation of tasks for which it would be diffi-
cult, or virtually impossible, to develop an explicit model.

However, there are some weaknesses in our approach. For instance, when perform-
ing on-line AV A learning, it can be hard to design the expected behaviour of the cog-
nitive model with exactitude.

Simulating automatically learning behaviours is a not an easy and appealing task.
Our approach could take interactive computer graphics to a completely new level,
especially in the entertainment market. It would also be very useful if an animator
could interactively train an AVA for cognitive learning.

The approach presented here is part of a more complex model that is the object of
our research. The goal is to realize a Virtual Life environment for an AVA including
different interfaces and sensorial modalities coupled with different evolving learning
methodologies.

Acknowledgments. This research has been partially funded by the Swiss National
Science Foundation.
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Abstract. We present an interactive installation with life-size virtual agents that
inform, entertain, encourage, and assist visitors during the process of building a
car. It will be installed as an exhibit in an automobile theme park. Visitors can
take car elements from a shelf and put them on a workbench. The virtual agents
continually comment the visitor’s actions and the current state of the construc-
tion. We use Radio Frequency Identification (RFID) devices to monitor the lo-
cation of the car elements. This tsechnology allows us to design a natural, unob-
trusive and robust interaction by letting the visitors using real objects to
communicate with our virtual characters. We show how such an interactive
presentation can be created with our SceneMaker authoring tool. We address
the problem of authoring content for a large number of combinations and we
explain how to design the interaction for an installation where visitors can do
anything at anytime.

1 Introduction

Intelligent virtual agents live — by definition — in a virtual world. The human user
however lives and acts in the real world. This raises some fundamental questions.
How can we bridge the gap between the real and the virtual world and how can we
create common bonds between them? How do the virtual characters “know” what’s
going on out there? How can we establish a kind of co-presence in a shared environ-
ment? Depending on the kind of application, the available input and output devices
and the target audience these questions can be addressed quite differently.

The environment for our installation is a theme park where visitors can experience
and interactively explore past, present, and future trends in automobile construction
and design. The exhibits address different aspects like, for example, safety features
and environmental issues and are used by dozens and sometimes hundreds of visitors
per day. The target audience is not restricted to a specific age or user group. Installa-
tions usually run 24 hours a day over a period of several weeks and sometimes month
and require a minimum of supervision by members of the staff.

Looking for new attractions, we have been asked to build an interactive installation
with life-size virtual characters that inform, entertain, encourage, and assist the visi-
tors in the task of building a car. Using a small set of front, cockpit, middle and rear
elements, visitors can build different car types (a convertible, a limousine, a SUV,
etc.) and different versions of each type (e.g. with two, four, or six seats). However,
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the objective is not to show the visitors how to build a car — that should be fairly ob-
vious — but to provide them with interesting bits and pieces of information about
automotive engineering during the construction process. We therefore allow visitors
to build unusual and even nonsensical constructions like, for example, a two-seater
with the rear of a SUV. Actually this is considered to be part of the fun as it chal-
lenges our characters — trying to continually comment the construction process — to
make an appropriate statement. In this case it could be a humorous remark about why
they think that this construction will probably not become a big commercial success.

For this installation we were looking for new kinds of interaction modalities that
would allow us to design a natural, unobtrusive and robust interaction with our intel-
ligent virtual agents. In this theme park, we cannot use facilities for speech and ges-
ture input and the direct manipulation of the virtual world (e.g. data gloves), because
they only work reliably under controlled conditions. Looking for alternatives, we had
the idea to let the visitors use real objects to communicate with our virtual characters.
We consider this to be a natural way for humans to interact with the exhibit because
taking objects and putting them together is something we do since childhood. To
monitor the user’s actions and the state of the construction process we use Radio Fre-
quency Identification (RFID) devices. This technology allows us to determine the po-
sition of the car elements wirelessly using radio waves if the elements are equipped
with RFID tags. Visitors can build their car by taking elements from a shelf and by
putting them on a workbench. Depending on how these actions are classified and in-
terpreted by the system, the virtual characters will alter their behavior and show an
appropriate reaction. They are designed to be mainly reactive, but they will take the
initiative if the user is (too) passive.

As a future exhibit in the automobile theme park, our installation meets some addi-
tional requirements. It needs no personnel — it is self-explaining and runs in an endless
loop. It is both entertaining and informative by embedding the relevant comments and
pieces of information into a narrative context. Based on our experience with animated
presentation teams [1, 2] we decided to use two virtual characters instead of a single
one as this bears a number of advantages: We can use simulated dialogs between
these two characters to convey information in a less obtrusive way. It is also a means
of attracting nearby visitors and it can reduce interaction inhibitions because the user
is not directly addressed and therefore not under constant pressure to do something in
order to elicit a reaction of the agents. To create a feeling of co-presence with the visi-
tors in the context of the installation and to come across as believable and life-like,
our virtual characters use context knowledge (e.g. about the current car element, state
of construction, weather, upcoming events) in their comments and conversations.

2 Installation

The installation consists of the following main components: a shelf and a workbench
equipped with RFID readers (see Sect. 4) to determine the presence and the location
of the elements. The set of RFID-tagged elements on the scale 1:5 used to build a car.
A data projector and a screen for displaying our two virtual characters Adrian and Ca-
rina in life-size. A virtual screen within their 3D environment that can be used to dis-
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play images and videos during their presentation. A camera to detect the presence and
absence of visitors. Figure 1 shows a prototype of the exhibit.

The workbench has five adjacent areas where elements can be placed. Each area
can hold exactly one element and the elements can be placed in either direction, i.e.
the user can build the car with the front on the left and the rear on the right hand side
or the other way around. We distinguish four different categories of pieces or building
blocks. The front element
with bumper, engine hood,
and front tyres, the cockpit
with  windscreen, front
doors, steering  wheel,
driver and passenger seat,
the middle element with
additional doors and back
seats, and the rear element
with trunk and back tyres.
The elements are abstrac-
tions and simplifications of
their real-life counterparts.
A complete car consists of
three, four, or five ele-
ments. A front element, a
cockpit, and a rear element  Fig. 1. Main components and spatial layout of the installation
are mandatory while the
middle elements are optional. The car type is defined by the number of elements and
by the rear element used. A roadster, for example, consists of a front element, a cock-
pit, and the rear of a convertible; whereas a limousine can be build using a front ele-
ment, a cockpit, two middle elements, and a fastback. Elements that are currently not
required can be stored in the shelf.

The installation runs in two modes. The OFF mode is assumed when no user is
present. A visitor entering the installation is being detected by the camera and lets the
system switch to ON mode. The idea behind these two modes is based on our experi-
ences with CrossTalk — a self-explaining virtual character exhibition for public spaces
[3]. In OFF mode Adrian and Carina perform idle time actions like looking around or
shifting posture. They talk to each other about their job and their hobbies while mak-
ing occasional references to the situational context, i.e. the current time of day, the
weather outside, upcoming events, and so on. Making references to the real world
creates an illusion of life and establishes common bonds with the user’s world. Their
activities in OFF mode are supposed to attract the attention of passers-by and to invite
them to enter the installation. In case this happens the characters switch to their ON
mode behavior. They welcome the visitor and briefly explain the purpose of this in-
stallation, i.e. that visitors can build their own car using the set of available elements.
In the construction phase visitors can remove elements from the shelf and put them on
the workbench and they can modify their construction by removing elements from the
workbench, by rearranging them or by replacing them with other elements. Adrian
and Carina continually comment the user’s actions and the current state of the con-
struction. They provide information about individual elements, their interrelation with

Front Cockpit
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other elements and they talk about the various valid and invalid (partial) combina-
tions. They can use the virtual screen between them to display images and short video
sequences, e.g. to highlight certain aspects by showing a close-up of the relevant parts
or to clarify technical terms by showing a drawing or a picture. This feature makes
their presentation livelier and enhances their believability because it creates the illu-
sion that they have full control over the system. If there is no user action detected
within a certain period of time, they will try to motivate the visitor by encouraging
him or her to do something or by giving hints how the current construction could be
modified or completed. If the user has intentionally or unintentionally produced an
invalid configuration (e.g. by adjoining a front and a middle element) they will point
out that the car cannot be completed this way and they give hints how to correct this
error. Once a complete car has been built, the closing phase is initiated. Adrian and
Carina make some final comments before pointing out that the visitor can continue
the construction process simply by removing an element from the car. If the user
doesn’t follow this suggestion, the two characters will say thank you and goodbye and
after a while they will resume their private conversations. However, as soon as some-
one removes a piece from the finished car, they interrupt their conversation and start
commenting on the new construction. The ON mode ends if there are no more visitors
at the installation.

The realisation of this exhibit confronts us with a number of problems and chal-
lenges. Visitors can pick up elements and put them on the shelf or the workbench at
any time. Since we have no control over the pieces, the system must be able to cope
with the fact that multiple users move elements simultaneously. These actions must be
reliably detected by the system and adequately commented by the two virtual charac-
ters. They should react instantly (e.g. by interrupting their current remarks) and ac-
cording to the current state of the construction. At the same time we must avoid that
their comments and conversations become too fragmented because they jump from
one piece of explanation to the next. Last but not least, we have to find a way to han-
dle the large number of possible valid and invalid combinations of elements on the
workbench. With one front element, one cockpit, two identical middle elements, and a
rear element there are already 15480 different combinations on the workbench! It is
obvious that we cannot address each configuration individually. On the other hand we
need to be careful not to over-generalize. If the characters just point out that “This
configuration is invalid.” without being able to explain why or without giving a hint
how this could be rectified, their believability is immediately destroyed and they are
perceived as rather unintelligent virtual agents.

3 Authoring

Our authoring approach relies on the concept of the separation of content and narra-
tive structure, which we have introduced in [2, 4]. The content is organized with
scenes, whereas the narrative structure is represented by a sceneflow. Scenes are
pieces of user-edited contiguous dialog. Additionally, they can contain commands for
controlling the characters’ non-verbal behavior and for the presentation of media ob-
jects (e.g. showing pictures or videos). Authors usually refer to a scene as a coherent
and closed unit regarding a message, agent characterization, or a humorous punch
line. Authors can define the narrative structure by linking the scenes in a graph called
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sceneflow. Transitions in a sceneflow are triggered by transition events. These events
represent the user’s actions and the current state of the construction. Transition events
are produced by transition event rules that map signals produced by the installations
input devices onto transition events.

The content for our interactive presentation is created by human authors with the
help of the SceneMaker authoring suite. As described above, the presentation relies
on three distinct types of content: scenes, a sceneflow, and transition events. Accord-
ing to this, the authoring steps are:

o The writing of the dialog content.
This is done using a screenplay-like language.
e The creation of the sceneflow.
This is done with the help of a graphical user interface, that is part of the
SceneMaker tool.
o The definition of the transition event rules.
This is done by an XML-based rule language.

Compared to the authoring of the scenes and the sceneflow that can be done by non-
computer experts, the definition of transition event rules is done by programmers. In a
final step the SceneMaker tool is used to compile the scenes and the sceneflow into an
executable program.

Scenes

The use of context information in scenes helps authors to create the impression that
characters are fully aware of what is going on by reflecting the actual situation in their
comments, e.g. by talking about the current weather conditions. Beginning with our
first system CrossTalk [2] that uses context data in scenes and in the sceneflow, we
constantly extended the underlying software by adding new dynamic context types.
At this stage of the implementation, we provide the authors with the following addi-
tional context functions:

e Current (car) element (current_piece).

Returns the inflected form or the pronoun for the currently used element

based on a small dictionary containing German words and their inflections.
e Weather conditions (weather).

Relying on the data of an Internet weather channel, descriptions for the cur-
rent meteorological conditions are generated, such as temperature, high or low-
pressure area, forecast of the next day, weather of the last day.

e Part of day (part-of-day) and fuzzy time (time-fuzzy).

Taking the current time as input, many commonly used time descriptions are
generated. These are the part of day, e.g. morning, afternoon, evening, or a
fuzzy time description like near four o’clock.

e Visitor Counter (all-visitors, daily-visitor).

This kind of information reflects the overall number of visitors that have vis-
ited this installation and the number of the daily visitors.

o Piece Counter (pieces-on-shelf, pieces-on-workbench).

They reflect the number of pieces on the shelf and on the workbench. They
are used for motivation comments; in the case the visitor has no clue how to go
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on with the construction. For example, the characters can encourage the visitor
take a piece from the shelf, when the piece-on-shelf counter is greater than
zero.

Authors can insert the content of theses context variables (e.g. weather) in scenes by
using the common access function GET. If needed, they can provide additional pa-
rameters (e.g. adj). The following dialog line: “This [GET part-of-day] the
weather is [GET weather adj]” will be resolved at run-time to: “This afternoon the
weather is bad.”

All context information can also be used to model the branching in a sceneflow by
using them in conditional transitions. Refer to [2, 4] for a comprehensive overview.
Beside the context access commands, scenes can contain gesture or posture tags and
emotion tags for letting a character perform a gesture (e.g. [progress]) or express an
emotion (e.g. [happy]), as well as media tags for displaying pictures and video [pic-
ture roadster]. Some gestures (e.g. nodding or shaking the head) can be com-
bined with other gestures. In this case the virtual characters execute the two motions
simultaneously. To signal that a gesture should be played on top of another one, the
author simply puts a “+” in front of the gesture name, e.g. [+nod]. We use this overlay
technique extensively for feedback-channel gestures, like nodding, shaking the head,
and looking at somebody when he starts speaking. The following example shows a
scene that is played, when a visitor has finished the construction of a roadster:

Carina: [progress][+turn2visitor] The car you’ve build is called a roadster.
[picture carl.jpg] [happy] It’s a very sportive car with two doors.

Adrian: Well, [happy] this car is stylish!

Carina: [+nod]

There are pre-scripted scenes for the topics small talk, welcoming visitors, as well as
comments regarding the current state of the car construction and the different car
types. Currently, there are more than 260 scenes, covering the above topics. To mini-
mize the repetition of scenes, most scenes are available in multiple versions.

Sceneflow

The sceneflow represents the narrative structure of an interactive presentation by de-
fining transitions between scenes in a scene flow graph. Technically we use cascaded
Finite State Machines (FSMs) to represent the sceneflow. A cascaded FSM consists of
nodes and edges (transitions). So-called supernodes contain a sub-graph. Scenes can
be attached to both nodes and edges. Transitions are used to model reactions of user
actions or to model variations of a presentation. A detailed description on how we use
sceneflow elements to model a presentation in given in [4].

While in previous versions the sceneflow had to be manually created in a XML
style language, we are now introducing a new version of SceneMaker with a graphical
user interface for creating the sceneflow (see Fig.2). It provides authors with
Drag&Drop facilities to “draw” the sceneflow, to attach scenes, and to define condi-
tions for the transitions between scenes. It also checks the integrity of the actual
sceneflow before compiling it to an executable program.
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Fig. 2. The SceneMaker tool displaying the ON mode and the Construction supernode

Figure 2 displays a part of the sceneflow of this presentation. The left side shows

the ON mode with its supernodes Welcome, Construction, and Completion. These re-
flect the major phases in ON mode. The right side shows the expanded Construction
phase with its supernodes (phases) PieceTaken, PiecePlaced, and Error. As the names
might suggest, PieceTaken and PiecePlaced contain nodes with scenes attached that
let the characters comment a piece taken/placed action. Afterwards, if an error has oc-
curred, this is commented by scenes of the Error phase.
As mentioned above, we use the generated transition events to trigger sceneflow tran-
sitions and to activate corresponding scenes. Starting in the Construction phase, there
are various possibilities how the presentation can continue. If nothing happens, the
transition that leads to the Motivation phase (left side) is activated by a time-out
event. Being in the Motivation phase, the user gets help on how to continue with the
construction. If the user is placing a piece on the workbench thereby creating an error,
the following transition events are generated: piece_placed, piece_placed_on_-
workbench, and piece_placed_error.

As shown in Figure 2, the piece_placed event activates the transition leading to
the node ConstructionSelection. Any active node or transition (and any active scene)
inside of the Construction supernode gets terminated. Afterwards, the piece placed ac-
tion will be commented in the PiecePlaced phase. Then, the error is explained in the
Error phase.

Transition Events Rules

The authoring process for this installation focuses on the different states that can oc-
cur during the car construction. As described in Sect. 2 visitors can put the pieces in
either direction on one of the five areas of the workbench. To classify the various
constructions, we use the following states:
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e Car finished to describe the fact that a car has been completed.

e Valid construction to describe an unfinished construction that can be completed
by adding one or more elements.

e Jnvalid configuration to describe an invalid combination of elements (e.g. the
cockpit is placed behind the rear element).

e Completion impossible to describe a construction that cannot be completed due
to an unfavorable placement of elements (e.g. if the cockpit is placed on the last
area on the workbench there is no possibility to add the rear element)

e Wrong direction to describe the fact that the last piece was placed in the oppo-
site direction with respect to the remaining elements.

Transition event rules are condition-action rules that operate on the data provided by
the input devices (e.g. the camera and the RFID readers) taking into account the cur-
rent state of the construction. The EventManger (see Sect. 4) performs a match-
resolve-act cycle by checking the conditions of all rules, selecting the applicable ones
based on their priority, and by executing their actions. Transition event rules are used
to update context variables and to generate transition events. The context variables re-
flect the current state of the installation like, for example, the number of pieces on the
shelf or the type and location of pieces on the workbench. Transition events are used
to enable transitions in the sceneflow.

As pointed out before (see Sect. 2), we have to deal somehow with the large num-
ber of valid and invalid car configurations that visitors can build. Therefore, we focus
on the local context of the last placed piece on the workbench. Based on this, we gen-
erate transition events describing the above-mentioned states that can occur during a
car construction. For example, if the user places a cockpit in front of the front ele-
ment, the analysis of the local context results in an invalid configuration error.

Another problem mentioned in Section 2 is that fact that we must be able to cope
with many (concurrent) actions of the visitor(s) and that the current state of the con-
struction can be interpreted in different ways. We deal with this problem by assigning
priorities to the transition event rules. For example, if the visitor puts an element on
the workbench thereby completing the construction of a car, two transition event rules
are applicable: one representing a piece_placed event and another one representing
a car_finished event. Since the latter rule has a higher priority only the
car_finished transition event will be generated.

In general, for each action performed by the visitor a set of transition events is gen-
erated. This approach follows the idea that actions (or situations as a result of these
actions) can be described at different levels of details. The generated set of events in-
cludes both detailed and general information about the action. This provides the au-
thors of the scenes and the sceneflow with a maximum of flexibility in designing the
virtual characters’ reactions. Actions like taking, moving, or placing elements can
generate the transition events piece_placed, piece_taken, or car_finished.
These events are followed by an event that describes the location where the piece was
taken or placed (e.g. piece_placed_workbench). In case the car construction is
valid, an event describing the current car configuration is triggered (e.g. construc-
tion_code_fc meaning a front and a cockpit are placed on the workbench next to
each other). This event is also generated, after a car_finished event, followed by
an event describing the car type (e.g. construction_type_ roadster). In case the
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car construction is invalid, an error event (piece_placed_error) and an event de-
scribing the error are generated (e.g. invalid_configuration_cf meaning a
cockpit is placed in front of the front element). If the error can be corrected, an error
correction event is generated (e.g. error_correction_shift_to_right suggest-
ing that the last piece should be shifted to the right).

The generated sets of transition events are used to trigger consecutive scenes in
which the characters make more and more specific comments to the state of the con-
struction. This is done by enabling the corresponding transitions in the sceneflow.
Transition events are therefore a means to define a path through the sceneflow.

4 Architecture

This interactive installation should react instantly and appropriately to changes in the
environment. To avoid hardware delays we run the system on three computers using a
distributed software architecture (Fig. 3). One computer controls the input devices:
the camera, the user detection mat, and the RIFD readers. A Text-To-Speech-System
runs on a second computer because it needs 4 GB of main memory and a fast (3 GHz)
processor. A third computer runs the main modules including the Charamel
CharaVirld™ 3D' presentation system.
Visitors and their actions
must be reliably detected by | """""""""""""""""""""

. user
the system. Visitors are de- | R Couiclon == seectonma
tected by a camera and a | || Camera Controller 4—%@ camera
detection mat. The software | :
: ) ] rFD Controller _ H
for optical user detection | oo : T RFID workbench

was developed in the de-

j | EventManager \scenes )

partment of Multimedia | o
Concepts and their Applica- | | PresentatlonManager —» 3D-Player Hﬁj
tions at the University of | $ — :

Augsburg. It is able to de- I ContextMemory | Itsceneﬂow :
tect people based on their """""""""""
skin color. In combination | TTS-System ]

the two systems guarantee '

that the presence and ab- Fig. 3. System modules and architecture

sence of visitors is reported

correctly. Car elements and their locations are reliably and robustly detected by using
current RFID technology. The overall goal is to provide a mostly unobtrusive detec-
tion of the presence and orientation at specific areas. In our opinion, the RFID tech-
nology fulfills perfectly these requirements.

Based on the output of the various input devices the system modules (see Fig. 3)
are operating. These are the EventManager, the ContextManger, the Charamel
CharaVirld™ 3D-Player, and the PresentationManager. The latter is the central mod-
ule. It is responsible for selecting and executing scenes based on the defined scene-
flow. Executing scenes consists of forwarding commands for character and screen

' http://www.charamel.de
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control to the 3D-Player on the one hand, and handling transitions events generated
from the EventManager on the other.

The EventManager processes the input data from the various input devices. Its task
is to interpret these data and to elicit transition events. Transition events are passed on
to the PresentationManager. Depending on the actual state of the sceneflow, transition
events can trigger transitions between scenes. The ContextMemory module stores the
discourse history (e.g. user and system actions, scenes played, etc.) and situational
context (e.g., part of day) and as an addition to previous versions, it includes a simple
dictionary. The 3D-Player implements the graphical front end of the installation. It
renders the 3D scene with the virtual characters.

5 Related Work

Our work is inspired by the interactive installations created by Bruce Blumberg’s
Synthetic Characters Group” and by Justine Cassell’s Gesture and Narrative Language
Group® at the MIT Media Lab. Both groups used a variety of tangible interfaces to in-
teract with their synthetic characters. In Swamped! a plush toy is used to control a vir-
tual version of a chicken as it runs around a barn yard scenario [5], in sand:stone visi-
tors could move stones around on a surface of sand causing changes in a projected
display of an animated statue [6], and in (*void) users could communicate with the
virtual characters through a "buns and forks" interface [7]. We share their view that
characters should be combined into a coherent and cohesive installation, e.g. by de-
signing installations for social interactions in which “A participant is [...] being seen
by the characters as another creature who just happens to be ‘outside the box’.” [8].
Despite all these similarities our goal is a different one. They want to build characters
that have the everyday common sense, the ability to learn, and the sense of empathy
that one finds in animals whereas we want to develop tools and techniques for the
rapid development of interactive installations with virtual actors. Their mission is to
build creatures whose behavior, form and underlying architecture informs our under-
standing of natural intelligence whereas we want to support the human author in di-
recting virtual actors. We therefore have to compare our work with systems in which
the virtual characters are not designed as autonomous agents but rather as virtual ac-
tors following a script written by an author. A detailed comparison of our authoring
approach relying on a strict separation of narrative structure and content with other
tools and scripting languages can be found in [2]. A comprehensive collection of the
latest developments in scripting and representation languages for life-like characters
is given in [9].

The system that probably comes closest to our approach of using real objects to
communicate with virtual characters is Sam, a collaborative story listening system for
children [10]. Sam is a life-sized virtual child and projected on a screen behind a toy
castle with a figurine. The figurine has a RFID tag attached to track its location within
the castle by RFID readers embedded in the rooms. It has a virtual counterpart and it

% http://characters.media.mit.edu/
* http://www.media.mit.edu/gnl/
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is passed back and forth between Sam and the child as a token during the collabora-
tive construction of stories. This is similar to our installation in which the car ele-
ments are used to elicit comments by the virtual actors. However, Sam is designed to
act as a peer playmate to children that can engage in a face-to-face conversation,
whereas the virtual characters in our system are talking most of the time to each other
about the construction that is being built by the visitor. These simulated dialogs are
supposed to convey information in an unobtrusive and enjoyable way.

6 Summary

In this paper we have presented an interactive installation with virtual characters that
will entertain, inform, and assist visitors of an automotive theme park during the task
of building cars. A special feature of this installation is the fact that it uses real objects
as a communication interface. Looking for new interaction modalities we decided to
use RFID technology to reliably detect the car pieces. This allows us to monitor ac-
tions of visitors unobtrusively.

Using real objects as an intuitive communication interface is a great challenge for
the interaction design and for scripting the characters’ behavior. We have shown how
we deal with several thousands of possible combinations of car elements, and how we
handle different types of errors during the car construction phase. The most critical
aspect is however, how to react instantly and appropriately to changes in the envi-
ronment. We introduced the concept of transition events reflecting a user’s actions
and the current state of the construction. Combining them with our authoring ap-
proach that separates narrative structure and content, we created scenes, and a scene-
flow that lets the virtual characters give a lively interactive performance.

In addition, we have presented enhancements of the SceneMaker technology that
facilitate the creation of interactive presentations and that provide better support for
scripting the verbal and non-verbal behavior of virtual characters. Firstly, these are
overlay gesture commands for our screenplay like language. They allow us to com-
bine often-used conversational gestures with backchanneling gestures (e.g. nodding,
shaking the head, ...). This increases the expressiveness of the characters. Secondly, a
dictionary and new dynamic context functions let authors use utterance templates to
produce more variations in scenes by inserting content dynamically and by computing
it’s correct inflected form. This has the advantage that less pre-scripted scenes are
needed. Thirdly, our new graphical user interface of the SceneMaker tool reduces the
development time for this interactive installation dramatically. It enables a fast redes-
ign and it provides a visual representation of the narrative structure. The current state
of the car construction process is associated with a unique position in the sceneflow
graph. This makes the system’s behavior more transparent for authors and developers
and helps in debugging and refining the sceneflow. Using the SceneMaker authoring
tool and additional software components such as the EventManger and the Con-
textManger it took us three weeks to write more than 260 scenes, to model the scene-
flow, and to define the transition event rules. All in all, seven people including the
project manager have been involved in the whole process.



110

P. Gebhard and M. Klesen

Acknowledgements

The work presented in this paper is a joint effort with contributions from our col-
leagues Michael Kipp, Gernot Gebhard, Thomas Schleiff, Michael Schneider, and
Alassane Ndiaye. We thank the people from Charamel for their continuous support
and for providing us with the two virtual characters Adrian and Carina. We also thank
our colleagues from the department of Multimedia Concepts and their Applications at
the University of Augsburg for the vision detection software.

References

(1]

[2]

(3]

(4]

(5]
[6]
[7]
[8]
[9]

[10]

André, E. and Rist, T. (2000). Presenting through performing: On the use of multiple life-
like characters in knowledge-based presentation systems. In Proc. of the 5th International
Conference on Intelligent User Interfaces (IUI 2000), pages 1-8, New York. ACM Press.
Klesen, M., Kipp, M., Gebhard, P., and Rist, T. (2003). Staging exhibitions: methods and
tools for modelling narrative structure to produce interactive performances with virtual
actors. Virtual Reality, 7(1):17-29.

Rist, T., Baldes, S., Gebhard, P., Kipp, M., Klesen, M., Rist, P., and Schmitt, M. (2002).
Crosstalk: An interactive installation with animated presentation agents. In Proc. of the Sec-
ond Conference on Computational Semiotics for Games and New Media (COSIGN’02),
Augsburg.

Gebhard, P., Kipp, M., Klesen, M., and Rist, T. (2003). Authoring scenes for adaptive,
interactive performances. In Proc. of the Second International Joint Conference on
Autonomous Agents and Multi-Agent Systems, Melbourne, Australia. ACM Press.
Blumberg, B. (1998) Swamped! Using plush toys to direct autonomous animated charac-
ters. In Visual Proceedings of SIGGRAPH 1998, New York. ACM Press.

Downie, M., Benbasat, A., Wahl, J., Stiehl, D., and Blumberg, B. (1999) sand:stone.
Leonardo, 32(5): 462-463.

Blumberg, B. (1999) (void*): A Cast of Characters. In Visual Proceedings of
SIGGRAPH 1999, New York. ACM Press.

Blumberg, B., Tomlinson, B., and Downie, M. (2001). Multiple conceptions of character-
based interactive installations. Computer Graphics International, pages 5-11.

Prendinger, H. and Ishizuka, M., editors (2004). Life-Like Characters: Tools, Affective
Functions, and Applications. Cognitive Technologies. Springer-Verlag.

Ryokai, K., Vaucelle, C., and Cassell, J. (2002). Literacy Learning by Storytelling with a
Virtual Peer. In Proc. of Computer Support for Collaborative Learning.



A Software Engineering Approach Combining Rational
and Conversational Agents for the Design of Assistance
Applications

Jean-Paul Sansonnet, Jean-Claude Martin, and Karl Leguern

LIMSI-CNRS, BP 133, 91403 Orsay Cedex, France
{jps, martin}@limsi.fr

Abstract. A Conversational Agent can be useful for providing assistance to na-
ive users on how to use a graphical interface. Such an assistant requires three
features: understanding users’ requests, reasoning, and intuitive output. In this
paper we introduce the DAFT-LEA architecture for enabling assistant agents to
reply to questions asked by naive users about the structure and functioning of
graphical interfaces. This architecture integrates via a unified software engi-
neering approach a linguistic parser for the understanding the user’s requests, a
rational agent for the reasoning about the graphical application, and a 2D car-
toon like agent for the multimodal output. We describe how it has been applied
to three different assistance application contexts, and how it was incrementally
defined via the collection of a corpus of users’ requests for assistance. Such an
approach can be useful for the design of other assistance applications since it
enables a clear separation between the original graphical application, its abstract
DAFT model and the linguistic processing of users’ requests.

1 Introduction

Embodied Conversational Agents (ECAs) can be useful in the relation between users
and web services. As assistants, they might welcome naive users and help them to
understand the structure and the functions of a new graphical application. This leads
to several requirements on such an assistant agent, mainly regarding dialogue and
reasoning. Indeed, this assistant should be able to interact with the user via Natural
Language Understanding (NLU) in order to answer her questions on the state or on
the control of the graphical application. It should also be able of reasoning upon the
structure and the functioning of the graphical application it is in charge of. This re-
quires that it should be able to browse the internal state of the application at runtime.
From a software engineering point of view, such assistants should be easily defined
for existing or new graphical applications. The design of full-fledge dialog systems
requires huge efforts in terms of Natural Language Processing expertise and imple-
mentation time. Allen [2] declared that the genericity of dialogue systems would be
the key to their success. A generic dialogue system can be defined as a framework
that is not designed for a particular application but a) can be plugged to various appli-

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 111—, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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cations and b) with minimal linguistic knowledge and minimal adaptation effort for
the developers. Theoretically, this derives into two genericity criteria that we will
refer to as: a) the embedding criterion, b) the knowledge separation criterion. We
introduced the notion of active mediating symbolic representation hereafter called
model (as in the classical Model View Component model used in Graphical User
Interfaces) since it is an intermediary between the NLU module and the application to
extend with dialog capacities [8]. We do not aim at a complete genericity over lan-
guage but rather, a genericity restricted to calls for assistance in simple graphical
applications.

Enabling an agent to control a GUI is a well known problem in the application test-
ing and application integration domains (see [6] for reusing GUI-driven applications
and [3] for a discussion about middleware solutions such as connectors and media-
tors). Our primary goal is not software reuse, but software introspection by agents on
behalf of human users. Thus, we need to be able to scan the runtime of a soft-
ware/hardware component in order to answer questions about its current state. As
mentioned in [6], this is obviously an open question if we seek for a 100% browsing
of the ‘insides’ of the instructions (Java byte code for example). Moreover, we need
to deal with a complete representation of the component: a) its GUI (the view) but
also b) its internal algorithm (the controller). This is why we chose to ‘mirror’ the
component with a symbolic representation (hereafter called the model) that is easy to
browse and update because of its S-expressions based structure; we need to maintain a
dynamic semantic homogeneity between the runtime and the model: this issue is the
key point of this paper.

Section 2 describes three assistance applications. Section 3 describes the DAFT-
LEA framework that was used for their specification and implementation. Section 4
concludes by a description of the corpus of users’ requests that we collected during
evaluation.

2 Studying the Design of Assistant Agents

A graphical interface might change according to three possible operating modes.
Modal operating mode: the user operates directly on the graphical interface. Modeless
operating mode: the internal processing of the graphical application modifies its in-
ternal state variables independently from the user. Dialogical operating mode: the
user operates on the internal state of the application through a natural language re-
quest. We have selected three examples covering these dimensions in different appli-
cation contexts (Fig. 1). The 2D cartoon-like characters which are used for embody-
ing the assistant are the LIMSI Embodied Agents (LEA) enabled to display various
postures, facial expressions and gesture functions such as deictics or iconics [1].
These agents have already been used in a simulation of a conversational game appli-
cation [5] and for evaluating various multimodal output strategies during technical
presentations [4].
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le compteur
estarité

Ceciest la

barre de statul =

A simple counting application. The user can
either directly act on a graphical button in a

modal operating mode (e.g. stop button in
order to stop the counting thread), or ask the
agent to do it in a dialogical operating mode
(by typing stop it in the text field below).
The user can also ask questions to the agent
(e.g. “is it possible to stop the counting?”,
“Show me the cursor controlling the speed
of the counting”). The assistant displays
non-verbal and verbal (Elan Speech® syn-
thesis) behaviors (“the counter has been
stopped”). The graphical interface also
changes independently of the user when
counting is going on (modeless operating
mode).

The towers of Hanoi game. The user can
directly move the graphical elements of the
game on the application area itself, or he/she
can use natural language for:

- direct commands: on the left, one can see
an illustration of the deictic capabilities of
the agent responding to the direct command
“show me the status bar”

- asking for information or help: “what are
the rules?”, “can I revert”, “play for me”,
”can we play with more disks?”,...

Daftlea-TWeb =

a3
— st

[Eee———

A web page browser. The user can browse
and edit the 130 dynamic web pages via
direct natural input:

“modify the 22" June”,
“go to the project DAFT web page”,
“please, who is Sansonnet?”.

Fig. 1. Three applications illustrating the versatility of the design of assistance tasks: a simple
counting application (fop), the towers of Hanoi game (middle) and a web page browser

(bottom)
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3 The DAFT-LEA Framework

DAFT (Dialogical Agent Formal Talk) is the name of the formal language we defined
for managing dialogue with the user about the structure and functioning of the graphi-
cal interface (Fig. 2). Regarding the ‘“embedding genericity criterion” identified
above, the graphical interface developer first has to declare a model of this graphical
application using the DAFT language. Then, the rational agent can be easily plugged
into this model. Regarding the “knowledge separation™ criterion, the mediation be-
tween the user and the graphical interface is achieved along three levels (Fig. 2):

1. The linguistic analyzer receives questions typed in by the user and translates them
into DAFT formal requests. This parser is specialized in the processing of ques-
tions asked by users when they encounter difficulties in the control and the operat-
ing of the components. It has been incrementally defined with a corpus collection.

2. The rational Agent is able of reasoning about the structure and the functions of the
application that it can access only via its model. It receives as input formal requests
defined in the DAFT language. The rational agent solves these requests by access-
ing values in the model of the graphical application (static properties of graphical
components, dynamic values of state variables...).

3. The model of the graphical application: the developer does not require any kind of
specific expertise in dialogue or reasoning for declaring this model.

User

=

Linguistic Analyser

N

DAFT Formal Requests

Linguistic separation

Rational agent

Symbolic separation

Dynamic Model of the Graphical Application

Graphical Application or Software component

Fig. 2. Architecture for processing user’s utterances about the structure and the functioning of a
graphical application. User’s questions are parsed into the DAFT formal language, processed
by a rational agent who has access to the application via its dynamic model.

For an existing software component such as a Java applet, it is indeed first of all
necessary to define the symbolic model of this component, using the formalism pro-
vided by DAFT. It is a language of symbolic descriptions based on a classical S-
expressions formalism. The description can be viewed, at each step of the functioning,
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as an evolving tree structure [7]. It is an object-oriented programming language which
facilitates the translation between the structure of object oriented graphical compo-
nents and the structure of the model.

In the three operating modes described above, the state of the component changes
over time. Therefore, it must be the same for the state of the model if one wants to
keep a semantic consistency in order to enable the rational agent to reason about the
proper representation of the component and to answer user's questions. Maintaining
this kind of semantic synchronicity between the component and its model is a main
feature of the DAFT framework (Fig. 3).

Control of the assistant: Control of the assistant: actions’
requests’ processing processing
Methods calls in Scripts in DAFT
RIS W R P e VR
B > ) - c
T - 2
7 .- g
0 =
B I Synchronization 2
" ki
L —
£ 2 E
[=] =
— =}
8 o
Model of the Runtime of the =
graphical application graphical application
Assistant Graphical

Application

Fig. 3. The user can interact with the application via Natural Language utterances typed in the
graphical user interface of the assistant (left) or via direct manipulation on the ordinary graphi-
cal interface of the component itself (right). Semantic consistency is maintained between the
runtime of the component and the model the assistant has of the component (botfom). This
enables the assistant to answer questions about the current state of the application.

The semantic synchronicity at runtime is ensured in our model for the three possi-
ble operating modes (modal, modeless and dialogical). When the state of the effective
graphical application evolves (modal or modeless cases), it is necessary to send an
update event to the model (Fig. 3, dashed arrow). This is implemented by overloading
the methods of the related actual objects. In our implementation, where we use com-
ponents developed in the Java programming language, this process is carried out in a
transparent way for the developer during the post-compilation phase of the code of the
component. It then remains the responsibility of the model to recover these events and
to interpret them in the model so as to update it. When the model evolves (dialogical
case), we are in the opposite case: the operations altering the model must be mirrored
by sending update events to the component (Fig. 3, plain arrow). In our implementa-
tion, it is achieved by remote invocation of Java objects methods. The designing proc-
ess for the three illustrative applications is described in Table 1.
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Table 1. Applying the DAFT framework to several illustrative application with different design

processes

Application Description of the design process

Simple A Java component provided with autonomous processes (threads).
counter The counting process is controlled by an on/off switch and a speed

controller. The assistant and the graphical application are designed
and coded at the same time.

Towers of A Java component functioning in a strictly modal way: if the user

Hanoi

game does not interact, nothing happens. The Java component is coded in
an independent context then modeled a posteriori. The code of the
Java component is filtered in an automatic way in order to send
events to the model and to process requests sent by the assistant.

Web page  The application is a database displayed as a web service. The user

navigates within the base/the site and can update it dialogically. The
Java component is reduced to the display function of web pages.
The site is managed completely by the model.

4 An Example: A Simple Counter

We will

take as an example, the first component shown in Fig. 1: a simple counter

that the user can start, stop, reset or make going faster or slower. This is quite a trivial

applicati
are:

1.
ii.

iii.

1v.

on but it will serve here our illustrative purpose. The main developing phases

First the Java applet of the counter was developed ;

Then a Symbolic Model of this applet was developed (it was easy because
here it was the same developer that created the applet and the model — note
that in the Hanoi example (second example in Fig. 1.) that is not the case:
the developer of the Hanoi applet never knew that its component had been
‘dialogized’) and the sub-objects of the model where carefully mapped by-
hand towards the sub objects of the applet ; hence when an event occurs in
the model (following a user’s request), it is reported to the applet;

The code of the applet was filtered by a Java tool we have developped in or-
der to automatically install the reverse mapping, i.e. from the sub objects of
the applet towards the sub objects of the model; hence when an event occurs
in the applet (the user operates the applet’s GUI or internal functions change
the state of the variables), it is reported in the model;

Finally the applet is embedded into the agent framework (see the GUI of the
agent encompassing the applet GUI in Fig. 1.) and the agent is active.

Here is an excerpt of the scripting of the generic class $switch. This class defines
an abstract model of a boolean value on which four operations can be done: on, off,
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switch (the not operator), and reset. An instance of the switch class is created in the
counter in order to support a symbolic representation of the start/stop/reset functions
of the counter.

// $switch is the name of the model class

// The Mathematica instructions below define an abstract

// representation of both the attributes and the perceptual features
// of the Java object

// referenceToJavaObject is the corresponding Java object
NEW[S$Sswitch, referenceToJavaObject, initialValueOfBoolean]:=

// Local variables are created
Module[{run,buttonOn,buttonOff, buttonReset},

(** instanciation of the subparts of the switch **)

// bool and button are names of generic classes

// start and stop are the names that are displayed

// on the buttons in the GUI
NEW[S$bool, run, "_status", "running", initialValueOfBoolean];
NEW[S$button,buttonOn, "_bStart", "start",DO[run, ON]&] ;
NEW[Sbutton,buttonOff, "_bStop", "stop",DO[run, OFF]&] ;
NEW[Sbutton,buttonReset, "_bReset", "reset",DO[run, RESET]&] ;

(** attributes **)
(* this maps the model-switch to the Java-switch *)
S [JREF] =referenceToJavaObject;

S[ISsA] = {SWITCH};

S [PARTS] = {run,buttonOn,buttonOff,buttonReset};

$ [BKGCOLOR] = ”"pinkColor”;

$[LAYOUT] = FRAME[DOWN[run,buttonOn,buttonReset,buttonOff]];

(** methods **)

$[START, SCRIPT] = DO[run,ON]&;
$[STOP, SCRIPT] = DO[run, OFF]&;
$[SWITCH, SCRIPT] = DO[run, SWITCH]&;
$[RESET, SCRIPT] = DO[run,RESET]&;
$1

This snippet of code illustrate the following features of our model:

- We use as an S-Expression language (Mathematica from Wolfram Research®. It
is a powerful, completely dynamic, symbolic computing environment useful for ra-
tional agent introspection.

- In order to make easier for the developers the ‘alignment’ between the component
and its symbolic model we used an object-oriented notation (one can recognize the
notions of: class, inheritance, instantiations, attributes, methods);

- the classes are a library of predefined objects so that building the model of a
component consists mainly in calling the constructors of the library with the ap-
propriate arguments;

- the mapping of an instance of the class $switch to its Java counterpart is just im-
plemented by the single line $ [JREF]=referenceToJavaobject.

- No explicit linguistic information is filled in by the developer of the model in or-
der to provide the Natural Language Unit with clues about the component: actually
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this knowledge lays in the symbols of the attributes and methods (zsa, PparTs,
Layout,..) that, contrary to object oriented programming conventions, cannot be
chosen arbitrarily by the model designer but must be chosen from the Daft Model
Ontology (DMO) that proposes a static list of concepts together with their lexical
semantic (a la Wordner). The same policy is applied to the right-part expressions
where ‘heads’ are also to be chosen with care by the developer in the DMO
(SCOPE, FRAME, ON,..).

Suppose that the user enters the question “please could you tell what I can do with the
switch on the right?”, it will be analyzed and the main semantic parts of this question
will be extracted as:

1. the speech act part: <ask>
2. the predicate part : <USAGE>
3. the associative extensional reference part: <REF[Sbest, Mright, Qswitch]>

which would result in the complete DAFT formal request:

DAFT[ <ASK>, <USAGE>, {<REF[Sbest, Mright, Qswitch]>}]

This formal request will be handled by the rational agent which will:

- First check for the existence of a non empty and not ambiguous referential domain
(here there is only one switch, but in case there are several the Mright observatory
would be convenient);

- then interpret the speech act (<ask>) and call the usage-observer which in turn will
browse the switch instance for methods returning {START, STOP, SWITCH, RESET};

- Finally, the result will be wrapped as a reply by the natural language production
module, so that the answer to that question could be “Well, you can do: start, stop,
switch or reset operations with this switch.”

We emphasize here, and it is our claim, that the Natural Language Unit does not
have to be involved with the actual runtime. It just has to browse the dynamic sym-
bolic model. However, this is not going without some drawbacks, since writing mod-
els are an extra effort of software development.

5 Conclusion and Future Research

We have presented a software engineering approach for the design of conversational
agents for assistance tasks. Describing the graphical application via an abstract model
enables to reason about it and hence provide assistance to the user. The three pre-
sented examples of applications were used to collect a corpus of 4300 user’s requests
(52 users between 22 and 43 years old, gender balanced). This corpus has been used
to incrementally define the ontology used by the linguistic analyzer. 200 semantic
classes have been identified involving requests, meta-communication, and perceptual
properties of the components of the graphical interface.
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In the future, we also intend to process indirect acts such as for the web page ex-
ample: “Today a new member entered the team”, “I cannot give my seminar on Mon-
day”, “the DAFT project has been cancelled”.

We also plan to compare different non-verbal behaviors for providing assistance
and evaluate the usefulness of the 2D embodied agent in such tasks.
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Abstract. Human to virtual human interaction is the next frontier in interface
design, particularly for tasks that are social or collaborative in nature. Several
embodied interface agents have been developed for specific social, place-
related tasks, but empirical evaluations of these systems have been rare. In this
work, we present Marve (Messaging And Recognition Virtual Entity), our gen-
eral purpose Virtual Human Interface Framework, which integrates cutting-
edge interface technologies into a seamless real-time system, to study human to
virtual human interaction. Marve is a prototype of a real-time embodied, inter-
active, autonomous, virtual human interface agent framework. Marve “lives”
next to the primary entrance of the Future Computing Lab. His primary tasks
are to greet everyone who enters or leaves the lab, and to take and deliver mes-
sages to the students and faculty who work there. Marve uses computer vision
techniques for passer-by detection, gaze tracking, and face recognition, and
communicates via natural language. We present a preliminary empirical study
of the basic elements of Marve, including interaction response times, recogni-
tion of friends, and ability to learn to recognize new people.

1 Introduction

Human to virtual human interfaces, while challenging to develop and evaluate, have
the potential to revolutionize the accessibility, usability, and applicability of com-
puters in everyday life. Since virtual humans are modeled after humans, these inter-
faces can use several modalities for communicating information, such as gestures and
facial expression, which are “transparent” to the user [5]. Furthermore, research evi-
dence suggests that people can achieve tasks effectively when the behavior and atti-
tude of an interface agent is similar to a real human [18]. These benefits come from
the strength of the virtual human interface metaphor and leverage people’s experience
with real social interaction to enrich the human-computer interaction.

Research has shown that humans often interact with computers as they do with
other people, according to social rules and stereotypes, even when the interface is not
a virtual human [3]. These studies suggest that the social factors governing human-
human interaction may also apply to human-computer interactions. Some of these
factors, including voice, appearance, behavior, and personality, may have particular

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 120—[133, 2005.
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importance in social or collaborative tasks, such as those performed by virtual com-
puter aided assistants, virtual information experts, and virtual tutors [6]. However,
research suggests that decisions regarding what qualities are necessary in effective
human-virtual human interaction such as appearance, personality, and behaviors are
frequently based on introspection rather than careful consideration of the tasks and
users of these systems [1, 6].

Human-virtual human interaction research is challenging in several ways. Until re-
cently, the technology to create multimodal, embodied interface agents was developed
individually, and methods to evaluate such interfaces have not been standardized or
uniformly applied [1]. In addition, research in this area is scattered among a variety of
fields, including agent systems, animated characters, user emotions, graphics and
animation, conversational interface agents, animated pedagogical agents, and human
factors involving agent interaction from a socio-psychology perspective [1].

As Thalmann, et al. point out in their work on integrating rendering, animation,
and action selection to simulate virtual human behavior [9, 10], it is a challenge to
build a multimodal system that works in real time. A working virtual human interface
framework requires the integration of techniques from a variety of disciplines, includ-
ing speech recognition, animation and rendering, planning and discourse modeling,
unobtrusive forms of human identification, and real-time speech synthesis. To effec-
tively study human-virtual human interaction, an extensible application framework
that supports all of these aspects of a virtual human interface agent is needed.

We present Marve, our Virtual Human Interface Framework that incorporates the
existing relevant technologies to create real-time virtual human interface agents. Us-
ing Marve, researchers can begin to understand the relevance and importance of these
technologies in human-virtual human interaction. We believe that Marve will facili-
tate the systematic study of both the tasks for which virtual human interfaces are par-
ticularly suited, and the aspects of these interfaces that are most important to the ef-
fective accomplishment of these tasks.

Currently, Marve is a working system that combines cutting edge speech, graphics,
and vision technologies with an extensible discourse model to:

e Detect the presence of people as they pass by or stop to interact.

¢ Unobtrusively recognize people to personalize behavior.

e Interact using a combination of spoken natural language with non-verbal cues
that include appropriate eye contact, facial expressions, and gestures.

e Support turn-taking, feedback, and repair mechanisms, as well as task-specific
planning and execution.

Marve performs the tasks of a virtual receptionist, and mimics human-to-human in-
teraction using face-to-face conversation as a metaphor. Marve is able to take and
deliver messages, announcements, and reminders to his friends, and to greet passers-
by. However, since Marve is designed to be extensible, we may continue to add addi-
tional behaviors and capabilities to Marve’s repertoire.

1.1 Related Work

As Justine Cassell [5] pointed out in 2000, “To date, empirical evaluations of any
kind of embodied interfaces have been few, and their results have been equivocal.” In
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2002, Isbester and Doyle identified the need for consensus, and developed a taxon-
omy of embodied conversational agent research. As part of this work, Isbester and
Doyle defined a set of common expectations and criteria for describing and evaluating
research and design advances in each category of research in conversational charac-
ters [1]. In particular, they point out that, for social interfaces, quantitative measures
of speed and evaluation of agent’s achievement of tasks are significant [1].

In 2002, Catrambone et al. created a rudimentary experimental framework for
studying anthropomorphic agents [3]. Their framework employed Wizard of Oz
techniques to interact with users doing a particular task in three separate conditions:
1) voice, 2) voice and a picture, and 3) voice and an animated head. Their experimen-
tal results using this framework suggested that a user’s perception of the agent was
strongly influenced by the user’s task and the agent’s role in the task. They also noted
that user performance and satisfaction were not significantly affected by the appear-
ance of the agent.

These studies highlight the need for a framework that supports autonomous em-
bodied agents for the express purpose of studying human-virtual human interaction.
Marve is built to include many of the aspects of existing embodied agent systems,
including Gandalf [4], Rea [5], Valerie [14], and Jacob [8], providing a general pur-
pose framework for investigating human-virtual human interaction without having to
build embodied agents from scratch each time.

In 1998 researchers at MIT built Gandalf, a communicative humanoid agent to
guide planetary exploration [4]. Users see Gandalf as a hand and face on a small
monitor, and interact with Gandalf using natural speech and gesture. User gaze and
gesture are tracked using ocular tracking and a body suit, respectively. Gandalf’s
behavior rules for face-to-face conduct are derived from psychology literature on
human-human interaction.

Rea, built in 2000 at MIT, is a virtual real estate agent [5]. Rea’s head and torso
are visible on a projected screen as she displays pictures and layouts of properties for
sale, and points out and discusses their features. Rea uses background subtraction to
detect the presence of users but does not use any face recognition or gaze tracking.
Rea uses complex conversational models to engage in subtle human-like conversa-
tional patterns, and also exhibits several nonverbal behaviors.

Valerie from CMU is a virtual receptionist who gives directions, answers the
phone, and even gossips [14]. Valerie’s face is displayed on a flat-screen monitor and
users interact with her using keyboard input. Jacob is a virtual instruction agent for
the Tower of Hanoi problem [8]. Jacob’s head and torso are displayed on a monitor
and he uses natural speech for interaction.

Each of these interface agents include characteristics that are important for both
perception and conveying information. Brave and Nass have suggested that any inter-
face that ignores a user’s emotional state or fails to manifest the appropriate emotion
can dramatically impede performance and risk being perceived as cold, socially inept,
untrustworthy, and incompetent [11]. Catrambone, et al. suggest that a multimodal
interface that includes voice, face, and body can manifest a wider range of emotions
than is possible in purely textual interfaces [3]. Using both speech and gesture also
contributes to making embodied agents seem more lifelike and believable [6].

Non-verbal cues are important in the perception of the agent, but they can also be
used to convey important information. For example, gaze gives cues in conversational
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turn taking [5], a nod conveys understanding, and propositional hand gestures and
facial expressions can direct the user’s attention [6].

Marve also incorporates these features, using natural speech for communication,
and displaying both the head and torso to enable non-verbal cues and gestures. Like
Rea, Marve uses background subtraction to detect passers-by, but also learns to rec-
ognize frequent users, using computer vision techniques similar to those in Argus
[15]. Computer vision is also used for gaze tracking. Gandalf, on the other hand, uses
wired devices to track human gaze and gesture, which can be both cumbersome and
costly, and difficult to upgrade as technologies improve. With vision-based tracking,
when the software for gesture and/or gaze tracking improves, the vision component of
Marve can simply be interchanged.

2 Marve Software and Hardware Framework

Marve provides the infrastructure for both natural language and visual input for hu-
man-virtual human interaction. Marve utilizes best-existing, widely available compo-
nents and agent technologies to ensure high quality graphics, speech recognition and
generation, animation, vision, and virtual human representation.

Keyboard Facial expression
Voice Gesture
Vision Decision Speech Utterance
component
i Multi-
?[/1[;,1111? modal {} o
Animation and output
Rendering
component
Vision/Audio
components

Fig. 1. Marve’s Software and Hardware Framework

Marve consists of four major components: vision, audio, rendering and animation,
and decision. In order to provide the processing capability necessary to run the sys-
tem for long periods of time at high frame rates (approximately 40 FPS), the four
components are distributed on three PCs. The vision and audio components each run
on separate PCs, and the third PC is used for the rendering and animation, and deci-
sion. As seen in Fig. 1, the vision and audio components communicate with the deci-
sion component over a network using UDP protocol and the VRPN library [12]. The
decision component processes the messages sent by the audio and vision components
and decides a course of action based on the current state. The decided event is exe-
cuted by the rendering and animation component.

The vision component of Marve consists of a camera, algorithms from the
OpenCV library for face recognition and for detecting gaze direction, and a custom
adaptive background subtraction algorithm to detect passers-by. Gaze direction is
determined using Haar Face detection. The Hidden Markov Model (HMM) method,
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trained using images taken of “friends” at random times of day, is used for face rec-
ognition [13]. A Sony DFW-VL500 camera, placed on top of the screen, is used for
video capture. The viewing extent of the camera was marked on the floor and a line
on the floor indicated how far from Marve a user should stand in order for his face to
be detected by the vision component. This provided visual cues to the user regarding
Marve’s perceptual ability to detect the presence of and recognize a user. A wooden
wall was placed on the other side of the door opposite Marve to serve as a consistent
background for the vision component. Users were told that in order to interact with
Marve they needed to stand in the marked floor area.

The speech recognition module was built using Microsoft SAPI and SpeechStudio
library [16]. An Audio-technica ATR-20 cardioid unidirectional microphone captures
audio input. An interactive 3D character from Haptek Corp. [17] was used to create
and animate Marve, and openGL was used to render the graphics.

3 Overview of Marve

Marve’s prototype tasks resemble that of a virtual lab receptionist. Marve is pre-
sented on a 21-inch monitor next to our lab entrance, an ideal location for his main
tasks: greeting lab members and taking and delivering messages, reminders, and an-
nouncements. Figure 2 shows Marve in his virtual office, which is decorated to con-
vey Marve’s individuality, and hence his believability. Marve’s appearance, a quality
that can be varied in the system, was designed to resemble a college student to pro-
mote camaraderie with lab members (our users). Marve’s interactions are multi-
modal, taking advantage of the visual and natural language abilities provided in his
framework.

Fig. 2. Screenshots of Marve greeting a user, and interacting with a user

4 Exploring Sample Interaction Scenarios

In this section we describe typical interactions with Marve. Currently, Marve’s role is
to greet people as they enter or leave the Future Computing Lab, and to take and de-
liver messages to students and faculty who work in the lab. Greeting people, message
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taking, and message delivery were chosen as a proof-of-concept tasks that resembled
socially interactive tasks that a lab receptionist might carry out. For friends (people
whose faces Marve recognizes) there are three scenarios of interaction; (i) they can
leave messages, (ii) they can listen to the messages that another friend has left for
them, or (iii) they can get acknowledgment that their message to another friend has
been picked up. For users that Marve doesn’t recognize (strangers) there is a different
interaction scenario. During all his interactions with users, Marve maintains gaze with
the users as they move within the viewing extent of the camera.

Table 1 lists an excerpt from an example interaction with Marve. In this excerpt, a
user, Sab, wants to leave a message for Amy with Marve.

Table 1. Message scenario: Sab, a user, wishes to leave a message for Amy

Person Verbal Output Non-Verbal Output
Marve Good Morning! (Greeting based on time of day) Marve waves at Sab.
Sab Hi Marve.
Marve Hello Sab. Hope you are doing well today. Marve lifts his hand up.
Marve You have no messages. If you would like to leave
messages please say “record message” or press
the dash key!
Sab Record message.
Marve shows a menu on his left with list of names that the user could choose from (Figure 3).
Marve Please choose from the menu on the left, and say | Marve gestures to his left
the name of the person. to show the menu.
Marve Please speak into the microphone and say “Con-
clude” when you are done leaving a message!
Sab Amy.
Marve Do you want to leave a message for Amy?
Sab Yes.

Marve nods his head to convey understand and displays text “Recording Message” to indicate to the
user that audio recording has been initiated. As observed above, Marve also verifies to make sure
he has understood the right command.

Sab says the message for Amy to Marve, which is recorded as an audio file by Marve. Sab ends his
message by saying...

Sab Conclude.
Marve Thank You. If you would like to leave another | Marve gestures left to
message please say your choice from the menu. show the menu (see Figure
3).
Sab Thank you. Sab  walks away from
Marve.
Marve Goodbye Sab, I will see you around! Marve smiles and waves.

After Sab walks away, Marve turns around to the computer behind him in the virtual environment
and sends a message to Amy, notifying her that she has a message with Marve from Sab. During this
time he also displays a text on the screen “Marve is Busy”, to notify users that he is currently busy
working on his computer.

As mentioned in the preceding interaction scenario, if a friend wishes to leave a
message for another friend, Marve asks the friend to say “record message”. If the
friend gives the command, Marve displays a menu with the names of all the friends
that Marve can take messages for. Messages are recorded as an audio file and an
email notification is sent to the recipient informing them that they have a message
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from the friend with Marve. Friends can also leave reminders or memos for them-
selves, or announcements for the lab, with Marve.

After the interaction scenario mentioned above, the next instance Marve encounters
Amy he notifies her that she has a message from Sab and plays the message upon her
request. He then asks her if she wants to leave messages as in scenario 1. After Amy
has picked up her message from Marve, the next instance Marve encounters Sab he
provides visual acknowledgment to Sab by showing the picture of Amy taken when
she picked up her message from Marve (Figure 4). Marve makes a hand gesture at the
picture, and tells Sab that his message to Amy has been delivered.

Fig. 3. Screen shot of Marve showing the Fig. 4. Screen shot of Marve showing the
menu from which the user can choose who user an image of the person to whom a
to leave a message for message was delivered

When Marve interacts with someone he is not trained to recognize (stranger), or if
Marve identifies a known friend as a stranger, he asks the stranger to say his/her
name, records the name of the stranger, and sends an email containing an image of the
unknown person to the administrator of the system. The administrator, a human, can
choose to create a user profile in the system for the stranger.

5 Interaction Discourse Planning and Cognitive Modeling

Marve’s decision component is implemented using behavior states, as have been
proposed for other conversational systems [4, 6]. Each behavior state, which corre-
sponds to a particular conversational function such as greeting a user, is modeled as a
combination of synchronized events consisting of gestures, body movements, posture,
facial expression based on emotion, and speech utterance. They are parameterized,
allowing the interface agent to customize behavior based on context and user. The
decision component maintains a user model for each user, which contains user spe-
cific meta-data such as the status of the person, conversational content such as per-
sonalized greetings for each user, and task-based information such as the number of
messages a user has. These behavior states are interchangeable, since the semantic
information and temporal aspects can be modeled based on the contextual informa-
tion. An example formulation of the behavior state structure for greeting users is pro-
vided below;
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behavior_state_ID greetingUser (user_name, status) {

IF status(student) : interaction_behavior = informal;

ELSE IF status(professor | staff) : interaction behavior = formal;

Say (“Hello ”+user_name) ;

IF interaction_behavior = informal

EvokeGestures_and_FacialExpressions (Happyl, Laughl, HandGesturel) ;
ELSE
EvokeGestures_and_FacialExpressions (Happy2, Smilel,HandGesture?2) ;

Say (“How are you doing today?”);

}

Rules pertaining to the interaction are also encapsulated within the behavior state
structure, which are used to define interaction behavior and emotions of the interface
agent. The rules defined within the behavior state structure also help in associating
emotions and other non-verbal conversational signals with the social role of the inter-
face agent.

The basic building blocks of the non-verbal cues evoked in the behavior states are
pre-scripted using key-framing techniques afforded by the Haptek [17] agent anima-
tion coding tool. The gesture space consists of deictic, propositional, beat, and inter-
actional gestures pertaining to initiation of conversation, and signoff. The facial ex-
pression space consists of nods, smiles, frowns, and gaze (to direct user’s attention).
Animations for blinking and breathing are continuously evoked by the Haptek motion
generation engine. Speech utterance is implemented using Microsoft text-to-speech to
generate Marve’s voice, and the motion generation engine deciphers the appropriate
viseme for the current phoneme for lip synchronization from the content. Speech
utterance is tailored to provide appropriate intonation and pitch. Emotions are ex-
pressed through facial expression, verbal output, and gestures, all of which are encap-
sulated within the behavior states.

Cough Clears Throat Yawn

Fig. 5. Sample passive behaviors exhibited by Marve

Marve’s framework provides the capability to define and execute pre-scripted pas-
sive behaviors. When Marve is not busy interacting with a user, he performs a series
of non-verbal and verbal behaviors that resemble those of a human waiting for some-
one. These behaviors provide users with a sense of behavioral fidelity that is neces-
sary when interface agents are deployed in ever-present, socially interactive systems,
such as virtual receptionists and virtual exhibitors. These passive non-interactive
behaviors were scripted as a state-machine of behavior states and are looped to play
back every 20 minutes. These baseline behaviors include coughing, sniffing, clearing
throat, yawning, smiling, glancing around, and humming a tune (see Figure 5).
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Fig. 6. Tree showing a snippet of the cognitive model of Marve’s knowledge base used for
discourse planning including the behavior states that encapsulate gesture, facial expression,
speech utterance, and emotion

1. Notify_number_of_acknowledgements - Notify Steve that he has two
(2, Steve, Student) acknowledgements.
( ) ( A .
2. Provide_acknowledgement Display_picture - Second and third steps

\ 4

(1, Raj, Steve, Student) (Raj, 2 sec, 300) in the plan show the

sequence of behavior

N o \ / states providing  task
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3. Provide_acknowledgement Display_picture acknowledgement to
(2, Larry, Steve, Faculty) P (Larry, 3sec, 15) Steve that his messages

L ) L ) have been delivered.

Fig. 7. Segment of the discourse plan instance formulated by the planner using the cognitive
model showing the sequence of behavior states parameterized with context specific information
towards the goal of providing acknowledgement to a user (Steve) that his messages were deliv-
ered

Marve’s decision component includes a higher level cognitive model for user in-
teraction, which is represented as a tree of linked behavior states. The tree based
cognitive model for discourse planning is tailored to be interchangeable depending on
the choice of tasks performed by the embodied agent. The cognitive model could also
be layered to accomplish sub-goals of a particular task. The decision component
keeps track of the state of the interaction and execution of the appropriate behavior
state upon action choice and user input. The cognitive model discourse tree structure
serves as a rich task-based knowledge base using which a discourse plan can be initi-
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as a rich task-based knowledge base using which a discourse plan can be initiated.
The decision component of Marve employs a planner which utilizes the cognitive
model to devise a plan of interaction which consists of a task-specific and context-
specific tree instance towards realizing a specific goal or a sub-goal. An action sched-
uler processes the task specific behavior state as dictated by the plan. In order to en-
sure that global status of interaction is maintained by the decision component, the
action scheduler notifies the decision component as to the current status of the interac-
tion such as what behavior state is currently being processed and changes in context
specific primitives. These context specific primitives include data such as message ID
of the message currently being played or the duration of the message. Based on the
plan instance the action scheduler then evokes the rendering and animation compo-
nent to execute the state-specific visual animation and audio output to the user. Upon
execution the animation and rendering component sends a message back to the action
scheduler that multi-modal output is complete. During the time when the rendering
and animation component is realizing the behavioral actions, the decision component
has the ability to asynchronously process the next interaction event or user input.
However, if an agent is waiting for user input, baseline human-like pre-scripted be-
haviors are initiated in order to maintain visual and behavioral fidelity.

One of the advantages of the cognitive model tree structure is that it enables Marve
to perform context specific grammar switching, which helps in increasing speech
recognition accuracy. The grammar file is modified based on interaction-specific
behavior states defined within the cognitive model. Behavior states can also be re-
peated within the plan instance as devised by the planner such that the same behavior
can be performed consecutively, for example; if the user has multiple messages that
need to be played the verbal and non-verbal behavioral actions associated with play-
ing a message for the user must be executed for each instance upon request. A snippet
of the tree representing a part of Marve’s cognitive model knowledge base is shown
in Figure 6. Figure 7 shows an example of a goal oriented plan instance devised by
the planner.

If a user decides to walk away and disengage in conversation with the interface
agent, Marve is robust enough to save all the interaction specific information about
the user, terminate the current behavior state, and initiate the next appropriate behav-
ior state. For example; if a friend walks away in the middle of leaving a message for
another friend, Marve stops recording, saves the message, and says goodbye with the
appropriate termination behavior state being animated. In the case above, within the
system framework the action scheduler is notified to skip the rest of the queue of
behavior states within the plan instance and process the conversation termination state
with the user. The rendering and animation component executes verbal and non-
verbal signals from its current behavior to the end of dialogue termination.

6 Initial Evaluation

Isbester and Doyle point out that, for social interfaces, quantitative measures of speed
and evaluation of an agent’s achievement of tasks are significant [1]. For example, if
Marve takes too long to recognize a user and respond to them by name, he will proba-



130 S. Babu et al.

bly not be an effective interface agent. In this section we present quantitative meas-
ures of Marve’s performance with respect to recognition accuracy, response times,
and ability to learn to recognize new friends.

6.1 Recognition Accuracy

The vision component of an embodied agent framework must recognize users accu-
rately in order to initiate personalized behavior and to carry out user specific sub-
goals of the task. Marve has to be able to recognize his friends correctly and consis-
tently in order to accurately carry out the task of taking and delivering messages be-
tween friends. We used the following protocol for evaluating recognition accuracy of
Marve’s vision component. We defined two sets of people, known (friends) and un-
known (strangers). Friends are members of the lab whom Marve is trained to recog-
nize. Strangers are unknown to Marve and each was chosen to match a friend in
terms of ethnicity, gender, and approximate similarity of physical features. Recogni-
tion of each friend and stranger was tested ten times. Friends and strangers attended
five sessions, during which they interacted with Marve twice at each session. In order
to test the accuracy of recognition at various times of the day, the sessions were held
at 1lam, 2pm, 5pm, 7pm, and 9pm. Marve recognized his friends 97% of the time
(s.d. = 6.7), as shown in Table 2. Marve accurately identified strangers as people he
did not know 72.4% of the time (s.d. = 23.3), also shown in Table 2.

Table 2. Accuracy rates for recognizing friends and for recognizing someone is a stranger.
Interaction event response times in milliseconds (ms) for greeting passers-by, recognition, and
saying goodbye are also reported for friends and strangers.

Response times (ms) Response times (ms)

Friends | Recognition | Greet | Recognize | Say Strangers |Recounition | Greet | Recognize |Say

Accuracy(')] Passerby | User Goodbye Accuracy() | Passehy | User Goodhye
Aditya 100 8348 N33 | 78R | Karthik 100 857 | 29918 | 758
Ay 100 ] 271911 7l | Elen 100 859 239 T4k
Caroline 100 79.75 28471 752 | Jeff 100 857 | 28625 | 753
Dong 100 799 29254 787 | James a0 857 061 783
Jonathan 100 824 2163 725 | David a0 8575 | 280275 71
Larry 100 73 2133 766 | Santosh 70 839 | 29762 | 78K
Sab 100 8357 3004 766 | Dongwan 56 794 | 3304 il
Steve 100 #.3 6217 803 | Jen 50 855 | 25327 | BT5
Jenny 90 824 28433 833 | Prasanna 50 2 964 | TIT5
Raj a0 778 34683 803 | Pratiba 75 7BE | 28459 | 769
Wean 970 a4 29842 773 724 B4E | 29847 | 765
S.D. g7 39 3335 30 33 41 4547 44

6.2 Response Time

Marve should respond to input events and to unexpected changes in users’ interac-
tions immediately and appropriately in order to facilitate continuous human-virtual
human interaction. One of our design goals was for Marve to respond to events within
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a time frame similar to that of a real human’s response. We evaluated the verbal and
non-verbal response times of Marve in milliseconds for major events in the system
such as greeting a passerby, recognizing a friend or a stranger, and saying goodbye
when someone walks away. In each of the categories the response time is measured
from the time the user walks up to Marve and is detected, to the time when Marve
initiates an appropriate verbal and/or non-verbal response. The response times for
greeting passers-by, recognition, and saying goodbye for both friends and strangers
are shown, respectively, in Table 2.

The mean response times for greeting a passerby and saying goodbye as someone
walks away are under a tenth of a second. The mean response time for recognizing a
friend or recognizing that someone is a stranger is less than three seconds. To keep
this recognition processing delay from being noticeable, a design choice was made to
initiate an immediate greeting based on time of day. By the time this initial greeting is
concluded, Marve has completed the recognition task and can respond appropriately.

6.3 Learning New Friends

Real humans are capable of meeting and remembering the names of new friends.
Marve also has this capability. When Marve recognizes someone as a stranger, he
captures an image of that person and an audio file with the name of the stranger. The
image captured is used for training the system to recognize the new person. Typically
it takes more than a single image for the system to recognize a new friend consis-
tently. To determine the number of times a stranger must introduce himself to Marve
before Marve begins recognizing him consistently as a friend, we devised the follow-
ing protocol.

1. A single random image of the new person is used to train the vision component.

2. That person is asked to interact with Marve twice to see if Marve recognizes him.

3. If that person is not recognized both times, then another random image of that
person is added to the system and the experiment is repeated starting at step 2.

4. If the person is recognized in both trials, then eight more trials are performed and
accuracy of recognition is noted.

5. If recognition accuracy is less than 100% for those ten trials, then another image is
added to the system, and the experiment is repeated starting from step 2.

6. If the recognition accuracy is 100% then another image is added to the system, and
the experiment is repeated from step 2 till 100% accuracy is obtained in three con-
secutive iterations starting from step 2.

A friend was defined as anyone for whom Marve could maintain 100% recognition
accuracy over three iterations. The minimum number of images needed to recognize a
friend was defined as the number of images needed to do the first group of ten correct
recognitions in a row.

The mean number of visits necessary before Marve recognized a user was eight, al-
though this varied highly (s.d. 4.16). We noticed that recognition accuracy can be
affected by shadows that fall on a user’s face due to the light source position relative
to the user’s position.
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7 Summary and Future Work

We have described Marve, a prototype Virtual Human Interface Framework for
studying human-virtual human interaction. Whereas most virtual human interface
agents are specifically designed to cater to a specific contextual need, our extensible
framework is designed to support a variety of tasks facilitated through a conversa-
tional interface. Our current framework provides an extensible and detailed infra-
structure, including a rich task based discourse model that enables researchers to build
and deploy virtual human interface agents and study interactions between the virtual
human and his human interlocutor. Currently Marve’s perceptual capabilities include
vision and speech recognition. Marve’s framework handles input modalities as dis-
tributed components facilitating ease of adding new input modalities when necessary.
Marve’s proof-of-concept tasks are similar to a real-time ever-present virtual recep-
tionist. Marve detects the presence of people as they pass by or stop to interact, rec-
ognizes his friends, and is capable of learning to recognize new friends gradually.
Marve can interact with users using a combination of verbal and non-verbal cues that
include a natural language interface, maintaining eye contact with the user, facial
expressions and gestures. When conversing with users, Marve employs key conversa-
tional functions such as turn-taking feedback, and repair mechanisms, which are built
into Marve’s decision component. Marve’s response times for interacting with some-
one who walks up to or away from him are on the order of less than one tenth of a
second for greeting someone or saying good-by. Marve recognizes his friends consis-
tently (97% recognition rate) and calls them by name within three seconds. Marve is
not as good at recognizing that he does not know someone (72.4% recognition rate).

Currently we are conducting user studies to determine which tasks are engaging or
interesting for users to stop by and interact with Marve. Marve's task capabilities are
being extended to include a useful task (messaging), an entertaining task (jokes), and
small-talk (talk about movies and weather). In future work we plan to extend Marve’s
capabilities to include more meaningful or truly interactive tasks that will be designed
and tested using this framework. Future work will also include conducting user stud-
ies that measure the effectiveness of and user satisfaction with embodied interface
agents.
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Abstract. Agent technologies have been successfully applied to craft
believable characters in interactive scenarios. However, intelligent char-
acters specialized for a controlled scenario with a predefined story are
inadequate for open-ended scenarios. The key to deal with the open-
endedness problem lies in the characters’ ability to understand and an-
alyze unexpected situations. Thus, an explicit representation of the en-
vironment is crucial. We found ontologies in the form of interconnected
concepts to be an appropriate high-level representation because it en-
ables character agents to reason about the world through inference. This
paper proposes a knowledge-based framework for the construction of
agent-based scenarios. The physical properties of the environment are
dynamically converted to instances of concepts. We also show how an
intelligent planning character, without any implicit knowledge about the
scenario, can exploit the resources in the environment to make plans.
With ontology support, characters show better adaptability and utilize
the environment more creatively.

1 Introduction

Many approaches to agent-based virtual scenarios exist, featuring virtual char-
acters playing roles in a story. Although they all share cosmetic resemblances,
in essence these approaches often have very different goals in mind. Some sys-
tems aim to present a drama to the audience [5], while others focus on user
participation [I3][I8]. Some systems aim to preserve the storyline and to deal
with exceptions [5][15], while others allow the user to somewhat influence the
progress of the story. Some work on modeling a sophisticated short scenario [13],
while others try to enhance the liveliness of a long journey [9]. These different
goals influence design decisions on range of potential outcomes of the scenarios.

However, few works to date have allowed the scenario to evolve in ways the
system designer do not foresee. Usually the story progresses either linearly or

T. Panayiotopoulos et al. (Eds.): IVA 2005, LNAI 3661, pp. 134-{T45] 2005.
© Springer-Verlag Berlin Heidelberg 2005
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along many possible but still predefined directions. In a very short scenario, the
system designer may conceive and write down all possible outcomes of each de-
cision made by either agent-based characters or human players, so that each ac-
tion brings about reasonable consequences. However when the scenario becomes
longer and larger in scale, or when the characters become more autonomous,
the human designer loses control of the direction of story development unless
she restrict the actions and their outcomes. Nevertheless, stories with restricted
possibilities often leave human players wondering what the result would differ
if they could act otherwise. Such ”what-ifs” are central to a player’s experi-
ence about a story, especially in an open-ended scenarios (such as in open-ended
role-playing games) where empowered players act and take responsibility of the
consequences. As the consequence of the emphasis on the autonomy of both
users and virtual agents, players, non-player characters and the environment
collaborate to create a story rather than follow one that a system designer has
predefineed.

The major challenge of this approach, thus, lies in the requirement that char-
acters and the environment must respond reasonably to a broad range of actions.
As a result, if one decides to build such a multiagent system where software
agents represents characters in the story, these agents will have to reason about
the world and make plans dynamically rather than follow predefined scripts.
Planning agents can show better adaptability than script-following agents be-
cause the former do not need to know in advance everything in the environment
in order to exhibit reasonable behaviors; instead, they retrieve information from
the environment, generate intentions and emotions, and employ objects in the
environment for their plans. The ability to utilize the environment, however,
requires the character agents to first understand the meaning and functionality
of environment objects and relate them to their plans. Thus, the planner of a
character agent must interact with the environment model to operate in virtual
scenarios.

This paper presents a layered framework for scenario construction, empha-
sizing the concept layer that provides character agents with ontology-based en-
vironmental information to support planning and inference. A character agent
equipped with a planner can use ontological inference to associate objects in the
world with his goal and build a plan from the objects as soon as he enters the en-
vironment. Thus, the design of characters does not depend on a specific scenario.
Instead, characters can function in different scenarios with little or no modifica-
tion. The concept layer, supporting the planning agents, provides flexibility of
design, because it decouples the development of character agents from that of the
environment. It also provides the adaptability of characters, because it describes
objects and actions in terms of instances of concepts that make situations under-
standable to character agents. The conceptual model includes physical concepts
that reflects the physical circumstances and social concepts that reflect the social
situation of the scenario, but the scope of this paper covers only the former.

The remaining sections of this paper describe the framework in detail. The
next section introduces the layered architecture which separates decouples the
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agent mind from physical reality with the help of the middle layer of con-
cepts. Section 3 presents the ontology schema based on Web Ontology Language
(OWL) [16] as a format to represent commonsense knowledge in the environ-
ment. With this ontology support, a traditional backward-search planner can
deal with a wide variety of situations. Section 4 illustrates with an example how
a the planner works with the concept layer. Section 5 concludes this paper.

2 Overview of the Framework

Our framework for scenario construction consists of three pluggable layers. The
reality layer at the bottom models the physical environment. The concept layer
in the middle maps aspects of the environment to concepts in the ontology. The
minds of character agents, comprising the top layer, can use the concepts to
reason about the world. Fig. 1 illustrates the framework with a simple example
about overcoming fear in a dark room. The following subsections briefly describes
each layer. We implemented a prototype of this framework based on Java Agent
Development Framework (JADE) [2]; the reader is referred to [6] for detailed
information about the design and implementation this cognitive architecture.

Mind Model
Sentiments Intents Motivations

Fear Light the torch Overcome fear

Concept Model

burns

subClassOf dispels subClassQf ignites

| H | l I |

‘Silence‘ ‘ Fire | ‘Light source‘ ‘Darkness‘ ‘Combustible‘ ‘Inflammable‘ ‘ Igniter ‘

/

/ /

~7 =
. Temperature Burning Point A pack of
Decibel (Kelvin) Candela (Kelvin) flint and steel
Physical properties Artifacts

Reality Model

Fig. 1. Overview of the three-layer scenario framework

2.1 The Reality Layer

Unless the scenario is reduced to merely conversation between characters, it
will need a model of physical environment in which character agents are sit-
uated. The complexity of the model depends on how realistic an environment
the scenario requires. For example, the reality layer can model the environment
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as physical attributes, such as sound in decibels, temperature in kelvins, and
hardness, luminance, etc., and employ approximations of physical laws to model
the change of these physical properties. A set of mapping functions map these
physical aspects, often in numerical form, to discrete concepts in the concept
layer. For example, a mapping function can accept a low luminance value in
the atmosphere as input and return an instance of the concept Darkness. The
mapping function also returns a similarity value, indicating how much the thing
resembles an ideal instance of the concept. However, some artificial objects, such
as a pack of flint and steel, have delicate design and would not fit in a concept
using simple physical properties. Thus, the reality layer models such things as
artifacts that directly map to a concept without need to go through numerical
calculations. Note that a designer of the reality layer can model environments
in any way she desires to, as long as her model can correspond to the concepts.

2.2 The Concept Layer

The concept layer contains a copy of the concept model which specifies the
relations among physical concepts, or between physical concepts and actions.
The connections among concepts essentially comprises knowledge, for the mind
cannot reason over isolated concepts, as psychologists and educationalists sug-
gested [3][T4]. The connections between concepts fall into two types: ontological
relations and causal rules. Ontological relations include both the hierarchy of
concepts and the causal relations between instances of concepts. Concept hierar-
chy defines the subclass relations among concepts, while causal relations describe
the effect a specific instance can cause on another instance. ” Key k unlocks Lock
I’ exemplifies such a causal relation. Causal rules, on the other hand, represent
the effect that all instances of a concept can cause on all instances of another.
”Fire burns Combustible” exemplifies a causal rule. Causal relations rules also
come with a triggering action and an effect. Through the concept model, charac-
ter agents can infer what they need to achieve a goal. For example, the character
knows through the concept layer in Fig. 1 that to dispel darkness, he need to
produce a light source, and that he can also produce a fire since all fires are light
sources. He also knows that he can use an igniter on an inflammable thing to
produce fire. He can then start looking for a pack of flint and stone (an instance
of Igniter) and a torch (an instance of Inflammable). Such concept structure
effectively organizes knowledge, allowing developers to classify things in a struc-
tured fashion rather than describing each of them individually. Section 3 will
offer a detailed account of the concept structure and how it supports planning.

Although encoding the concept model in the mind of character agents may
suffice to enable agents to reason about the world, a separate concept layer has
several merits. In [9], Doyle proposes the ”knowledge-in-the-world” approach
to create intelligent characters, arguing that annotating the environment with
knowledge allows independent development of characters and the environment,
and saves unnecessary duplication of knowledge. In addition, agents can always
correctly interpret the the environment no matter how the authors change it.
As an example in a similar vein, Thalmann et al [I7] supports virtual humans
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populating a large city by embedding semantic notions in the environment. We
accept Doyle’s view, and intend to point out that an independent concept layer
also serves as a common basis of understanding and communication. A character
agent can perform an action and expect other characters to interpret the result of
the action using a common ontology, which also provides vocabulary for exchange
of messages. Such design avoids confusion that may arise if every agent has a
different concept model.

However, static annotations does not suffice for a dynamic environment, be-
cause they become invalid when the environment changes. For example, the
annotation ”"romantic room” will appear inappropriate when too many charac-
ters enter the room and make a lot of noise. The concept layer overcomes this
problem by working with the reality layer to annotate the environment on the
fly. It works as follows: When a character agent enters the world, the concept
layer passes a copy of the concept model to the agent. The concept layer then
monitors the reality layer to retrieve instances of concepts within the line of sight
of each character. It then reports the instances to the characters, who process
the information and generate sentiments and intentions.

2.3 The Mind Layer

While the concept layer implements what an agent can perceive and act, the
emotions, intentions, planning and decision-making capabilities belongs to the
mind of the character agent. Certain instances that the concept layer reports to
the character agent triggers emotions, while some instances become a part of the
agent’s plan. For example, the character represented in Fig. 1 feels afraid for he
senses darkness and silence. To overcome fear, he then reasons about the concept
model and the objects around him and generate an intention of lighting a torch.
The agent then uses a planner to generate further intentions that constitute a
plan for the original intention.

Coddington and Luck [7] state that despite AI research continues working on
developing efficient planners, such efforts have largely ignored the environment
and its interaction with the planning system. They argue for an autonomous
situated planning agent that generates goals from motivations (meta-goals) and
uses context information to evaluate plans and improve the planning process. In
a similar vein, this paper focuses on the interface between concepts and planning,
an essential part of the mind of an intelligent character, and leaves the design of
a versatile agent mind for future investigation.

3 Combining Planning and Inference in Scenarios

Planning techniques play various roles in the creation of a storyline for mul-
tiagent scenarios depending on how developers apply the techniques [5][T5][11].
Most systems create plans as story elements offline and incorporate the elements
during the performance of the story. For example, Riedl and Young [I5] use an
intent-driven planner to generate coherent stories for characters to follow. On
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a more individual level, Cavazza et al [5] allow virtual characters to find plans
for their goals by searching a hierarchical task network (HTN), but the scenario
designer must manually specify the HTN beforehand. In contrast, this paper
addresses the issue of enabling characters to handle unforeseeable situations and
changing environments, and therefore demands that character agents make plans
on the fly. In the rest of this section, we will describe the structure of the con-
cept model based on OWL, and how the concept model help intelligent planning
agents achieve flexible behavior through ontological inference.

3.1 Introduction to OWL

Many consider W3C’s Web Ontology Language (OWL) the prospective standard
for creating ontologies on the Semantic Web. OWL has three species: OWL Lite,
OWL DL and OWL Full, in ascending order according to expressiveness. Our
scenario framework adopts OWL Full as the language to specify the concept
model for several reasons, despite that OWL is designed primarily for Semantic
Web development. First, public interest in OWL results in API toolkits (e.g.
[4]) and editors (e.g. [12]) that facilitate the development of the concept layer.
Second, OWL DL, based on Description Logic [I], has desirable properties for
inference. The decidability of DL is a major reason why we choose OWL as the
language for the concept model, and several reasoners for OWL already exist at
this time.

OWL features two core elements: classes and properties. A class represent a
set of individuals, all of which also belongs to any superclass of the class. A prop-
erty specifies the relation between an instance of the domain class to an instance
of the target class. OWL DL also specifies the disjointness, union, intersection,
complement of classes, and reflexivity, transitivity of properties. Although the
schema of the concept model requires OWL Full the part of the schema that falls
outside OWL DL fortunately does not present additional difficulty of inference.
In brief, the rich expressiveness of OWL provides a solid foundation for concept
modeling and knowledge-based agent architectures such as [§].

3.2 Schema of the Concept Model

The concept model follows the OWL-based schema that facilitates automatic
interpretation of the world. Fig. 2 depicts this schema where concepts denote
classes of things with something in common, such as keys, locks, and fires. The
linking word connects two concepts, pointing out the relationship between a
source concept and a target concept. A linking word can denote a causal relation
such as "the key wunlocks the lock” where "unlocks” is the linking word, or a
causal ruld] such as ”a fire burns an combustible thing”. A linking word is also
associated with action classes that trigger the causal rule relation and an effect

1 Although causal rules in a strict sense do not belong to ontologies for they do not
describe the relation between individuals, we nevertheless include them into the
OWL-based schema for convenience.
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Class Class
causalRelation causalRule

subClass subClass
domain . ObjectProperty s,

ObjectProperty )-domain Class Class
hasAction LinkingWord dotna ObjectProperty )~ Concept
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A
Class ObjectProperty 208 Class

MetaClassActions MetaClassConcepts

Fig. 2. OWL-based schema of the concept model

on the target instance. The schema defines the effect as a concept, meaning
that the causal rule/relation turn the target into an instance of that concept.
For example, an attempt of the action Touch triggers the causal rule that a
fire burns a combustible thing, and causes the effect of turning the target into
an instance of Fire. Since the schema associates a linking word with classes of
actions and effects, we need to define two meta-classes: MetaClassActions,
which contains action classes as instances, and MetaClassConcepts, which
has concept classes as instances. Given the schema, designers of the scenario
can subclass the concepts, causal relations/rules and actions to create a concept
model for a scenario.

3.3 Inferring One Plan Step

Classical representation of planning knowledge relies on the notion of states and
actions [I0]. An action causes the world to change from one state to another.
The planner then use a search algorithm to find a sequence of actions that will
eventually lead to the goal state. The planner should also adapt to any change
of the environment. For example, after the agent touches a wooden stick with a
torch, resulting in the postcondition that the stick burns, the planner must know
that the agent can light another stick with the lit stick. Although enumerating
the effects of an action can be difficult due to the frame problem, we believe
virtual environments deserve a more flexible representation than simply linking
specific states with specific actions.

Serving as a format of planning knowledge, the schema of the concept model
offers better flexibility than unstructured representations, reducing the effort of
environment modeling. The inference capability also helps characters find more
possible actions to achieve the same goal and allow them to make use of the
environment more creatively. Fig. 3 illustrates an example of the concept model
that deals the case of fire. This concept model follows the OWL-based schema,
although here we use a simplified representation for the sake of readability.

Now we explain how to infer one plan step using Fig. 3 as an example.
Planning starts with a goal, which has the format: Concept(item), meaning that
item must be an instance of Concept in the goal state. Leaving the item as
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percondition

has source
Heat Source

Fig. 3. A small concept model describing the rule of burning

null means that the item can be an arbitrary one. In Fig. 3, suppose that the
character intends to create a light source and has a goal LightSource(null). The
character agent first looks for causal rules whose linking word has an effect
that is either Concept or a subclass of Concept. The inference engine for OWL
automatically performs such subsumption reasoning. In this case, the agent finds
the rule: ”HeatSource burns Combustible” because its effect Fire is a subclass of
LightSource. The actions associated with the linking word are then the candidate
actions for one plan step. The presence of an instance of the source concept and
an instance (which must be the item if it is non-null) of the target concept, and
the inherent preconditions of the action, constitute the preconditions of the plan
step. In the above case, the agent infers that to create a light source, he can
touch an instance of Combustible with an instance of HeatSource. If he happen
to have these these instances, a one-step plan is done. Evidently, a simple concept
model can allow agents to discover many possible actions to satisfy many types of
goals because of the inference capability regarding relations between classes. The
planning example in section 4 features more complex DL reasoning. Frequently
recurring one-step plans, which are learned by or statically recorded in agents
constitute the reactive behaviors of agents.

Although a character agent can infer potential actions for one plan step, the
current state does not always fulfill all preconditions of any of the actions. In such
cases, the agent must use a planner to find ways to satisfy these preconditions.

3.4 Situated Backward-Search Planning

We have shown how an agent can generate a one-step plan with the help of the
concept model. By connecting multiple steps, the agent can create complex plans
that require more than one action. Fig. 4 presents an augmented version of the
backward-search planning algorithm in [I0] that obtains necessary knowledge
from the environment. This algorithm serves as a simple example showing the
feasibility of developing such a situated planner, and provides a hint about how
to make more sophisticated planners to work with the environment.

In Fig. 4, C denotes the concept model including the concept ontology and
action ontology, sy denotes the initial state and ¢g denotes the goal of the agent.
The part of world state not explicitly declared in g is left as don’t-care. This
algorithm first finds all relevant causal rules for the goal using the inference
procedure stated in the previous subsection. Then it retrieves all possible actions
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set w to an empty plan
set search level limit n
Backward-search (C, s,, g, n)
if InfiniteLoopCheck(w) = true then return failure
ruleSet — findRelevantRules(g)
if ruleSet = @ then return failure
actionSet «— { a | ais linked to a rule r in ruleSet }
if actionSet = @ then return failure
evaluate and choose an action a from actionSet
for each precondition p of a
if p.item is not null and p € s, then continue
if p.item is null and 3i, i is an instance of p.concept then continue
if Backward-search(C, s,, p, n-1) = failure
remove a from actionSet and choose another action a
update m by adding link a—g
return success

Fig. 4. Situated backward-search planning algorithm

associated with the rules. Since the concept model may associate one action with
multiple causal rules, this algorithm can discover side effects that an action brings
about in addition to the intended goal. The algorithm then allows the agent to
evaluate the actions and choose the one with minimal undesirable side effects.
Some other criteria not covered by this paper, such as personality, emotion states
and so on, can also influence the decision making process. After selecting the
action a, the algorithm expands all of its preconditions, which also have the
format Concept(item) as a goal does. The algorithm then checks whether the
current world state reported by the concept layer satisfies these preconditions.
More specifically, a precondition is satisfied if one of these two conditions holds:
(a) the item is non-null, and it is already an instance of Concept, and (b) the
item is null, and an instance of Concept exists in the environment. The algorithm
treats all open preconditions as sub-goals, and recursively calls itself to plan for
them. If eventually it finds no way to achieve all preconditions, it removes action
a from the action set and chooses another one. The algorithm will terminate with
success when no open preconditions remain, or with failure when it fails to find
any plan for the goal. A successful planning attempt generates only a partial-
order plan, which cannot be executed directly. To convert a partial-order plan to
a solution plan is a traditional problem of planning. If the plan has unresolvable
flaws, the algorithm is executed again to nondeterministically produce another
plan, until a solution plan is produced or time has run out.

The execution of a plan, however, may fail halfway because of unexpected
changes in the environment, since a scenario contains multiple characters in-
fluencing the environment simultaneously. Re-planning from scratch would take
unnecessary amounts of time. To avoid this, the algorithm keeps track of the
action sets for each sub-goal. If an action to achieve a sub-goal fails, the planner
chooses a substitute from the action set, and call the backward-search algorithm
again to plan for the sub-goal. The planner backtracks if all actions for the
sub-goal fail, until it finds an alternative plan or terminates with failure.
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4 Tllustration

This section presents a short scenario about how an agent plans upon the concept
layer. Edward the chemist designed the robot R1 to assist him in experiments in
his chemical laboratory. Unfortunately, Edward, being a prolific chemist, was not
an Al researcher, and he gave R1 an unbalanced mind. The flawed R1 eventually
went crazy and started destroying everything he saw. Fig. 5 depicts the concept
model of this lab, which contained lots of chemicals as well as bottles strong
acids, and a fire axe. The concept layer reports these inferences to the Edward
agent.

percondition

ithc complement of the concept: Actor

has effect w

is an instance of is disj

Fig. 5. Concept model for the robot mini-scenario

Edward, having analyzed the situation, immediately generated the emotion
of fear and subsequently the intention to remove the source of his fear. His goal
to disable the robot is represented as Actor(R1), which means that R1 is an in-
stance of the complement of the class Actor. Intuitively, a paralyzed or destroyed
robot does not act. The concept model reflects this intuition by describing the
classes Paralyzed and Destroyed as disjoint classes from Actor. The reasoner
then infers that they are also subclasses of Actor’s complement class. Thus, Ed-
ward could apply the causal rule ”Weapon destroys Fragile” because it has the
effect Destroyed, and he thought about hitting R1 with a weapon.

However, R1, being mentally ill but physically robust, is not an instance of
Fragile. Thus Fragile(R1) is an open precondition and a hence sub-goal of the
goal Destroyed(R1). Edward looked into the concept model for ways to make R1
fragile, and found the rule ”strong acid corrodes steel” is applicable. Fortunately,
the laboratory could provide necessary resources for this rule, for R1 was a robot
and thus an instance of Steel, and bottles of strong acid exist. Since aqua regia
has a higher similarity value to ideal strong acid than sulfuric acid, Edward chose
to use it.

Having satisfied Fragile(R1), Edward checked whether the another precon-
dition, Weapon(null) holds, and discovered that he could use the fire axe as a
weapon. Finally, Edward completed the partial-order plan, which is to throw
the bottle of aqua regia at R1 and then hit R1 with a fire axe. He would then
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transform the partial-order plan to a total-order plan. Note that if the system
designer throws Edward to another scenario where he would have to break the
steel gate to escape the laboratory, Edward would still function correctly by
constructing a plan to corrode the door and than hack it. In fact, the planner of
Edward works in any scenario constructed upon the three-layer framework.

5 Conclusion

In an open-ended scenario or role-playing game, virtual characters constantly
face unexpected situations caused by user participation and other characters’
reactions. Scripting the behaviors of agents suffers scalability problems because
as the world becomes large and complex, the number of scripts proliferates. By
separating the agent mind from the environment, our scenario framework en-
ables agents of the same design to function in different situations. The middle
layer of concepts in our framework mediates between the physical reality and
the agent mind. It maps the environment to ontologies, through which charac-
ters understand the world as instances of interconnected concepts rather than as
numerical values, allowing them to infer the relation between objects. Planning
agents build on top of the concept layer are adaptable because of the interop-
erability of the environment. They are also more creative, being able to find
more ways to achieve the same goal than traditional planning agents thanks to
automated inference.

We have implemented the concept layer as a pluggable toolkit based on tools
for the Semantic Web and multi-agent systems. As a first step towards creating a
evolving scenario, this paper only covers the physical aspect of the environment.
In the future we aim to extend the framework to cover social aspects of a scenario
by modeling communication and social relations among characters as ontologies.
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Abstract. In this paper, we introduce the Context-Sensitive Agent Architecture
(CAA). The CAA is a generic agent architecture developed for use with pure
Java programming language. The CAA can support complex long-term behav-
iors as well as reactive short-term behaviors. It also realizes high context-
sensitivity of behaviors. It adopts other relevant behaviors depending on the
changing context, rather than blindly follows a prearranged long-term behavior.
By instantiating the CAA, any intelligent virtual agent can be implemented. The
CAA UTBot is an intelligent virtual agent built on our CAA for the Unreal
Tournament games. We explain the implementation of the CAA UTBot.

1 Introduction

There are several major stumbling blocks that one faces when trying to implement an
intelligent virtual agent for a dynamic environment.

1.

We need a way to easily implement complex long-term behaviors as well as reac-
tive short-term behaviors. Reactive short-term behaviors do not usually maintain
or use any internal state, and have difficulties in accomplishing coherently goal-
directed tasks. On the other hand, complex long-term behaviors may not usually
respond promptly the dynamic changes of the environment.

We need a behavior representation and an execution mechanism to support con-
text-sensitive behaviors. The subsumption architecture and the Belief Desires In-
tentions (BDI) architecture provide some support for this but they are not explicit
enough [2].

We need a pure object-oriented implementation tool or programming environ-
ment. Existing subsumption implementations are usually hardware-based, while
BDI implementations are usually based on logic and rule-based programming, or
implement a new language and its interpreter [3].

In this paper, we introduce the Context-Sensitive Agent architecture (CAA) along
with an intelligent virtual agent (UTBot) built on our CAA for the Unreal Tourna-
ment games [1]. The CAA is a generic agent architecture developed for use with the
Java programming language. The CAA can support complex long-term behaviors as
well as reactive short-term behaviors. It also realizes high context-sensitivity of
behaviors.
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Fig. 1. UML Class Diagram of the CAA

2 Context-Sensitive Agent Architecture

Our CAA (Context-Sensitive Agent Architecture) consists of (1) a world model; (2)
an internal model; (3) a behavior library; (4) an interpreter; and (5) a set of sensors
and effectors. Fig. 1 shows the UML class diagram of the CAA including these major
components. The world model contains a set of objects representing current beliefs or
facts about the world. The world model is defined as an abstract class to be imple-
mented as a domain-specific world model for a certain kind of application. The world
model is constantly updated upon the sensor information. On the other hand, the in-
ternal model contains a set of objects representing internal modes, or intentions. Each
internal mode can be viewed as an implicit goal to be pursued. Depending on the
changes of the world model, the internal model may be updated accordingly. Transi-
tions between distinct internal modes can be modeled and designed as a finite-state
machine. The behavior library contains a set of pre-defined behavior objects. The
behavior class has three sub-classes: external behavior, internal behavior and conver-
sational behavior. While external behaviors change the state of the environment
through effectors, internal behaviors change the internal state — namely, the internal
mode and parameters- without any change of the environment. Conversational behav-
iors can be used to communicate with other agents in a certain agent communication
language or protocol. Conversational behaviors can be also viewed as a special kind
of external behaviors.
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The behavior class has five main member methods: applicable(), utility(), main-
tainable(), run(), and failure(). The applicable() method checks if the preconditions of
a behavior can be satisfied with the state of the world model and/or the internal
model. The utility() method computes the relative utility of an applicable behavior by
considering the current world model and internal model. Whenever multiple behav-
iors are applicable for a given situation, the highest-utility behavior is automatically
selected and executed from them. The maintainable() method continually checks the
context of a behavior during the execution once it starts execution, to make sure that
the behavior is still applicable to the intended situation. The run() method is the main
body of a behavior. It gets called when the selected behavior starts execution. This
method usually generates one or more atomic actions, sets some member variables,
and returns. Finally, the failure() method is a procedural specification of what the
agent should do when a behavior fails. In the CAA, a behavior lifecycle consists of
the behavior states: create, waiting, executing, interrupt, fail, resume, and finish.

The interpreter controls the execution of the entire CAA system. Whenever there is
new or changed information in the world model or internal model, the interpreter
determines a set of applicable behaviors by calling the applicable() method of each
behavior. From this set of applicable behaviors, it selects the highest-utility behavior
by using the utility() methods. By invoking the run() method of the selected behavior,
the interpreter starts the execution of the behavior. Once the selected behavior starts
execution, the interpreter continually checks the behavior’s context by calling the
maintainable() method periodically. If the context of the behavior gets unsatisfied
with either the current state of the world model or the internal model, the interpreter
immediately stops the execution of the behavior, and then replaces it with a new be-
havior appropriate to the changed situation.

Sensors continually perceive the surrounding environment and update the world
model. The inputs to sensors are classified into several sub-types: visual input, aural
input, physical input, and server input. Effectors execute the atomic actions requested
by the run() method of the current external behavior and, as a result, affect the envi-
ronment. Each sensor and effector has its own thread and work concurrently with the
interpreter. An intelligent virtual agent based on the CAA can have multiple domain-
specific sensors and effectors.

3 Dynamic Virtual Environment

Unreal Tournament (UT) is a category of video games known as first-person shooters,
where all real time players exist in a 3D virtual world with simulated physics. Every
player’s senses are limited by their location, bearings, and occlusion within the virtual
world. Fig. 2 shows a screenshot of the UT Domination game. The Gamebots [1] is a
multi-agent system infrastructure derived from Unreal Tournament. The Gamebots
allows UT characters to be controlled over client-server network connections by feed-
ing sensory information to client agents and delivering action commands issued from
client agents back to the game server.

In a dynamic virtual environment built on the Gamebots system and the UT game
engine, agents must display human-level capabilities to play successfully, such as
planning paths, learning a map of their 3D environment, using resources available to
them, coordinating with their teammates, and engaging in strategic planning which
takes their adversaries into account.
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Fig. 2. A Screenshot of the Unreal Tournament Game

4 UTBot

In order to investigate the potential power of the CAA, we implemented an intelligent
agent to play in the 3D virtual environment of the UT Domination game. The CAA
UTBot adopts the CAA as its brain to decide and execute the proper behaviors in
response to the changing environment. Fig. 3 shows the UML class diagram of the
CAA UTBot. The UT world model class contains various domain-specific objects.
This world model should contain both static and dynamic information. Static informa-
tion does not change during the course of a game. Static information includes, for
example, the agent’s name and ID, the team number, the number of team members,
the maximum team score, and the address of the game server. In contrast, dynamic
information continually changes during the game. Dynamic information includes, for
example, the agent’s position and direction, the health and skill information, the cur-
rent weapons and armors, a partial world map, and the discovered domination points.
The UT internal model contains an internal mode and the related parameters. There
are five distinct internal modes: Explore, Dominate, Collect, Died, and Healed. In
cases of Explore, Dominate, and Collect modes, some internal parameters such as the
starting position and the target object may be given together.

Table 1. The Internal Modes and the Associated External Behaviors

Internal Mode External Behaviors

Explore MoveTo, Explore, Attack, Chase, Retreat

Dominate MoveTo, Attack_Point, Defend_Point

Collect MoveTo, Collect_Powerup, Collect Weapon, Collect_Armor, Retreat,
Attack

Died No Behaviors

Healed No Behaviors
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Fig. 3. UML Class Diagram of the CAA UTBot

The CAA UTBot has a variety of external behaviors such as Explore, At-
tack_Point, Defend_Point, Collect_Powerup, Collect_ Weapon, Collect_Armor,
Chase, Attack, Retreat, and MoveTo.

The applicable() and maintainable() methods of each external behavior may con-
tain conditions against the UT world model, the UT internal model, or both. However,
most of applicable external behaviors of the CAA UTBot are primarily categorized
depending on its internal mode. During the game, therefore, the set of applicable
external behaviors is first restricted by the current internal mode of the agent. Table 1
lists the internal modes and the associated external behaviors. Although more than
one external behavior is applicable at a certain internal mode, the utility values may
be different among them. To realize transitions between internal modes, the CAA
UTBot has a specific set