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Abstract. The challenge of making a virtual world believable includes a require-
ment for Al entities which autonomously react to a dynamic environment. After
the breakthroughs in believability introduced by modern lightning and physics
techniques, the focus is shifting to better Al behavior sophistication. Avatars and
agents in a realistic virtual environment must exhibit a certain degree of presence
and awareness of the surroundings, reacting consistently to unexpected contin-
gencies and social situations. Unconscious reactions serve as evidence of life,
and can also signal social availability and spatial awareness to others. These be-
haviors get lost when avatar motion requires explicit user control. This paper
presents a new approach for generating believable social behavior in avatars. The
focus is on human territorial behaviors during social interactions, such as dur-
ing conversations and gatherings. Driven by theories on human territoriality, we
define a reactive framework which allows avatars group dynamics during social
interaction. This approach gives us enough flexibility to model the territorial dy-
namics of social interactions as a set of social norms which constrain the avatar’s
reactivity by running a set of behaviors which blend together. The resulting social
group behavior appears relatively robust, but perhaps more importantly, it starts
to bring a new sense of relevance and continuity to virtual bodies that often get
separated from the simulated social situation.

1 Introduction

Most of Multiplayer Massively Online Games (MMO) available nowadays portray their
players as animated characters or avatars, under the user control. One of the open chal-
lenges for the state of the art in interactive character animation is to measure up to the
standard of visual quality that the game industry reached with their environments. There
are numerous examples of 3D rendered characters in films and digital media that look
quite realistic when you see a screenshot or a still frame, but once they start moving,
they look totally non-lifelike giving to the viewer a slight sense of discomfort. This feel-
ing is explained in robotics as the “uncanny valley”, a terminology first introduced by
Masahiro Mori in 1970 [1]]. Applying the “uncanny valley” hypothesis to an animated
character, the conclusion is that the more a virtual creature looks realistic the more we
will expect a realistic behavior when it is moving. For those companies which plan to
create close to photorealistic characters, it must be ensured that their behavior matches
the quality of the visual rendering. This is particularly true when they need to simulate
human communicative behavior in face-to-face interactions, such as conversations.
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In most commercial avatar-based systems, the expression of communicative intent
and social behavior relies on explicit user input [2]. For example, in both Second Lifd]
and World of Warcraff] users can make their avatars emote by entering special emote
commands into the chat window. This approach is fine for deliberate acts, but as was
argued in [3], requiring the users to think about how to coordinate their virtual body
every time they communicate or enter a conversation places on them the burden of too
much micro-management. When people walk through a room full of other people, they
are not used to thinking explicitly about their leg movements, body orientation, gaze di-
rection, posture or gesture, because these are things that typically happen spontaneously
without much conscious effort [4]. Some of these behaviors are continuous and would
require very frequent input from the user to maintain, which may be difficult, especially
when the user is engaged in other input activities such as typing a chat message. In
the same way that avatars automatically animate walk cycles so that users won’t have
to worry about where to place their virtual feet, avatars should also provide the basic
behavioral foundation for socialization.

Interestingly, even though users of online social environments like Second Life ap-
pear sensitive to proximity by choosing certain initial distances from each other, they
rarely move when approached or interacted with, but rely instead on the chat channel
for engagement [JS]. Since locomotion, positioning and social orientation is not being
naturally integrated into the interaction when relying on explicit control, it is worth ex-
ploring its automation. For the particular case of a conversation, some have suggested
that once an avatar engages another in such a face-to-face interaction, a fixed circular
formation should be assumed [[6]. Even though the idea matches with our common sense
and daily experience, it is in fact a simplification. A conversation is indeed a formation
but a more dynamic one. The circle we often see is merely an emergent property of a
complex space negotiation process, and therefore the reliance on a fixed structure could
prevent the avatars from arranging themselves in more organic and natural ways, with
the net result of breaking the illusion of believability.

2 Related Works

2.1 Automating Avatar Control

As we summarized in [7] automating the generation of communicative behaviors in
avatars was first proposed in BodyChat [3] and then further explored in the Spark sys-
tem, that incorporates the BEAT engine [8] to automate a range of discourse related
co-verbal cues in addition to cues for multi-party interaction management. With a spe-
cial interest for postural shifts, the Demeanor system [9]] generates avatar posture based
on affinity between conversation partners. A study [2] showed how automating avatars’
communicative behaviors provides some level of support to their users.

In this current work we focus on the yet “unconquered land” of simulating small
scale group dynamics, while keeping in mind that other layers of behavior control intro-
duced in previous work will need to be added for fully supporting the social interaction
process.
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2.2 Simulating Group Dynamics

Simulating group dynamics concerns with modelling and imitating the kinetic evolution
over time of a group of individuals. This is different from another plausible definition
of group dynamics which concerns how the social relationships evolves amongst the
members of a group, like for example when two persons become friends. In the do-
main of our definition we can talk about large scale group dynamics and small scale
group dynamics, and the difference between them is just in the order of magnitude of
the number of individuals we consider. For our purposes we are more interested in the
second kind of dynamics even though the scientific community has been much more
prolific in dealing with large groups. Of course, simulating large scale groups is dif-
ferent from simulating small scale groups but the approaches used for modelling the
former can be adapted for the latter. Numerous works have been published in the area
of large scale group dynamics. Most of them simulate natural systems like crowds of
people or formations of animals such as flocks of birds or schools of fish. These sort of
global collective phenomena have been modeled with different approaches but the most
interesting and successful of them define the group dynamics as an emergent behavior.
In this direction, there are two main approaches to the problem:

— The particle-based system approach, where particles are animated in real time by
application of forces.

— The agent-based systems approach, in which each agents are managed in real time
by rules of behavior.

The main difference between them is how much sophistication we want for the behav-
ior of each single individual. The first approach focuses more on the collective group
behavior as a whole whereas the second focuses of the richness of behavior of each
single individual.

Most of the Crowd Simulators use a particle-based approach because it is well suited
for modeling global collective phenomena (such as group displacement and collective
events) where the number of individuals is huge and they are all quasi-similar ob-
jects. Usually each individual is not doing more than just moving toward a destination,
therefore its motion is easily modeled as a particle. One of the classical work on particle-
based systems is the one of Helbing and Molnar [[10] which clearly describes the con-
cept of a social force model for simulating dynamics of walking pedestrians. Social
forces are defined as a psychological tension toward acting in a certain way. Quoting
the authors, a social force is a “[...] quantity that describes the concrete motivation to
act”. An interesting extension to the basic social force model has been introduced by
Couzin et al. [[L1]. They define three concentric proximity zones around a particle where
each zone exerts a different prioritized force on the particle’s constant velocity. In the
work of Pelechano et al. [[12] the social force model is taken a step further with the in-
troduction of line formation and psychological factors which induce a pushing behavior
in panicking situations.

A social force model is not the only way of modelling crowds of people. Heigas
et al. [13] use a model of fluid dynamics that incorporates two elementary repulsive
forces to simulate jamming and flowing found in real life situations. Besides the speci-
ficity of the solution, as argued in [[14] fluid dynamics not always can correctly model
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individual interactions which can be better described with a gaskinetic model. Another
different approach is the one of Treuille et al. [[15] which presents a model for crowd
dynamics continuously driven by a potential field. The integration of global navigation
planning and local collision avoidance into one framework produces very good video
results. Furthermore, their model seems to integrate well with several agent-based mod-
els promoting interesting future integrations. Yet another approach consists of recording
a crowd and then directly replicating the phenomenon using the recorded data. This is
for example the approach taken by Lee et al. [[16]. In this work the authors have been
recording a crowd of people from a top down view and then used computer vision to ex-
tract motion trajectories out of it. Afterwards the data are fed into an agent model which
can learn how to replicate the crowd motion driving each individual. Interestingly, the
work also addresses some small group management but individuals are not aware of
their social context and do not react to unexpected contingencies unless the centralized
agent model has been trained specifically for that.

Thalmann et al. [17]] use complex finite automata to determine the behavior of ac-
tors. The purpose of the model is still to simulate human crowds but this time the intro-
duction of structured behavior of groups and individuals is remarkable. A hierarchical
model describes the behavior of each part, but still the set of norms of social interactions
such as conversations are not taken into account. Very comprehensive is also the work
of Shao and Terzopoulos [18]], which presents fully autonomous agents interacting in a
virtually reconstructed Pennsylvania Station. The integration of motor, perceptual, be-
havioral, and cognitive components within a single model is particularly notable. Apart
from the outstanding video realized with this technology, it is also very interesting to
see how they use perceptual information to drive low-level reactive behaviors in a so-
cial environment. What is missing is how to constrain an agent’s reactivity outside the
special situation of walking down the hall of a train station. Rehm et al. [19] use a more
fine-grained approach for conversations, recognizing the value of social proxemics and
formation theories. They use them to inform their models of dynamic distance and ori-
entation between pairs of humanoid agents based on their interpersonal relationship.
While interpersonal relationships are necessary to fully simulate small scale group dy-
namics, they are not sufficient as is evident from Kendon’s work [4]].

In a pure agent-based approach the action generation loop produces a discrete se-
quence of behavior, that turns to be a downside. Human behavior is not discrete but
rather continuous. One of the main advantage of the particle-based approach is in the
continuity of the simulated behavior, which looks quite believable once animated. A
sequential generation of behaviors is a discretization of the continuous process of per-
ceiving and acting which take place at the lower levels of the artificial intelligence.
Abstract high level behaviors can be decomposed in lower level, more fine grained,
behaviors until they eventually merge into a continuum of behavioral control. For this
reason we believe that the best approach for simulating social interaction territorial dy-
namics is to use a combination of the agent-based and particle-based approaches, where
a set of reactive behaviors generates motivational forces which eventually are merged
together in a continuous input control for the agent’s motion generation layer. From
this perspective, the work of Reynolds on the so called Steering Behaviors has been
very helpful.
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2.3 Reynolds Steering Behaviors

In 1999 Craig Reynolds [20] presented a simple and elegant solution, to allow simu-
lated characters to navigate around their world in a life-like manner. These behaviors
continuously generate steering forces to drive the underlying model of locomotion. So
to speak they are slightly higher level than motor controllers and lower level than the
actions selected by a planner for example. The advantage of using steering forces is that
they can be easily combined before being applied to the agent’s body. The composable
nature of the steering behaviors allows building complex commands like ’go from here
to there following a given path, while avoiding obstacles along the way without get-
ting too close to the walls and maintaining a minimal distance from your neighbors’.
When multiple commands are called at the same time, they generate steering forces
which have to be blended. One of the simplest blending schema consists of linearly
combining the steering vectors but, unfortunately, suffers of a common problem called
cancellation. Basically, it could happen that the combination results in a null steering
force. Amor et al. [21]] recognize how sometimes a combination of behaviors result in a
suboptimal steering force with the net result of having the agent behaving not in such an
intelligent way, for example trying to avoid an incoming obstacle and ending up bump-
ing into a wall. Instead of steering the agent toward a desired velocity, they invert the
process by assigning a cost to a set of sampled directions. Afterwards they perform a
heuristic to select the cheapest direction to follow. So far it is not clear how many sam-
pled directions are necessary to create good behaviors while keeping the computational
costs low. Some behaviors may require a large span of directions but with a very low
sample resolution, while others require exactly the converse.

2.4 Small Scale Group Dynamics

The pioneering work of Jan et al. [22]], for the first time exploits some of the techniques
used in the field of Crowd Simulators to replicate small scale group dynamics with a
special interest in conversations. In their work, the authors recognize the importance
of managing the correct positioning and orientation of agents in conversation to avoid
breaking the fragile illusion that makes a social virtual environment believable. They
report an evaluation made in one of their previous works [23] where agents could group
together and move from a group to another one but always maintaining a fixed position,
and quoting the authors “[...], this significantly decreased believability when conversa-
tion groups did not coincide with positioning of the agents”. To solve this problem, they
took the social force field model idea from the Crowd Simulators literature and applied
it to dynamically rearranging a group of agents engaged in a situated conversation inside
a virtual training environment. While the approach looks promising, the main problem
is that motivational forces applied to agent orientation are not taken into consideration.
Reorienting is also part of the behavior expressed by people during social interactions.
Moreover as we know from Scheflen [24]] the orientation of some bodily regions nor-
mally express temporary membership to a group or a subgroup, or more generally our
claim of territory. Such claims should be maintained as long as a member attends to
that social interaction. Therefore it is important to extend the social force field model in
such a way that reorientations can be also motivated. Furthermore, we should remem-
ber that a conversation is a unit at interactional level and has a territorial domain [4]
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and therefore we can think of it as an abstract social context but also as situated region
of space. The conversation’s spatial domain delimits a region which casts a behavioral
influence not only on the participants but also on external individuals who stop close or
just pass by [4]].

Since this behavioral influence is common to other forms of territory [24]] as well, we
could use the name social place to refer to the spatial domain of a social interaction and
the name social situation to refer to its abstract social context. Thus, a complete model
of small scale group dynamics should also take into account the behavioral influence
that any social situation casts in the environment, concretely bounded by its social place.

3 Conversations and Human Territories

A conversation is an example of human territorial organization. The space around it is
structured in a certain fashion and specific behaviors take place demonstrating that, not
only the same idea about the social context is shared amongst the participants, but also
the same idea about the territorial domain of such context. These kinds of behaviors
have been classified by Scheflen [24] as territorial behaviors. They don’t have to be
considered in isolation but rather as a particular way of looking at the behavioral rela-
tionship amongst the participants in a social interaction and as such, they are influenced
by affiliation, involvement and social status. An automation of human communicative
intent must take into account such a special class of behaviors in order to properly
simulate individuals engaged in a social interaction, especially when we account not
only for conversations but also for a variety of different social situations each of which
could have is own territorial form. Territorial behaviors are intrinsically unconscious
and reactive, therefore they as well are ill suited for explicit user control and must be
automated.

Like some of the more interesting previous works, our primary inspiration has been
Kendon’s research on face-to-face interaction [4]. Individuals in a conversation tend to
arrange in a way that gives all of them equal, direct and exclusive access to a common
space. This positional and orientational arrangement is called an F-formation and the
set of the behavioral relationships among the participants defines a behavioral system
called the F-formation system (Fig.[I). From the definition of the F-formation comes an
explanation of the usual circular arrangement of people in conversation with more than
two participants: it is simply the best way to give everybody equal access to a common
focused space. Since participants in a focused social interaction share a common space
with equal access rights to it, a series of compensatory movements has to be simulated
before one can hope to completely model social group dynamics.

Kendon explains a connection between the F-formation system and Goffman’s con-
cept of a frame [25]]. A frame is a set of rules and social norms that all the participants
in an interaction silently accept. The frame comes from the experience of the indi-
vidual and states what behaviors are meaningful and what conduct is expected in that
particular face-to-face interaction. The process of frame-attunement is tightly linked to
the F-formation system. By actively maintaining a formation, participants inform each
other that they share the same frame for the situation. This further reinforces the def-
inition of an F-formation as a system and moreover describes the system as a unit of
behavior at the interactional level of organization, not at the individual level (Fig. ).
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Fig. 1. A schematic representation of the three main concepts of a conversation as an instance of
F-formation. The first picture shows how the participants are involved in a behavioral relationship
which sustains a stable formation. The second picture shows a conversation as a unit at interac-
tional level which states a set of norms silently accepted by its participants. The third picture
shows how these set of norms organize a conversational human territory.

Scheflen [24] further proposes a general paradigm of human territorial organization
(Fig. 2). He proposes a central space called nucleus, which comprises a common ori-
entational space and a space of the participants, surrounded by a region which is com-
monly used as a buffer area for potential newcomers or as a passageway for passersby.
Such general structure of space is applicable to all levels of territorial organization and
frames the whole area in six concentric zones. The first three are called o, p and q
spaces and they belong to the nucleus of the territory, while the remaining zones are
called r, s and t spaces and they belong to the region or court. For small territories such
as conversations or gatherings in a living room, the s and t spaces are irrelevant and the
r and q spaces can be merged. Therefore, for simple and small formations the whole
region around the nucleus can be unstructured. Notice that the concentric spaces define
zones of progressive growing status, starting from the outermost and moving toward the
innermost. In fact the region is meant for passersby, spectators and associated people
while the nucleus is for the participants that get direct access to the o-space and have a
claim on the territory.

s | &7
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Fig. 2. The paradigm of territorial organization proposed by Scheflen and applicable to all levels
of territorial organization. The o, p and q spaces belong to the nucleus N whereas the r, s and t
spaces belong to the region R.
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Fig. 3. From left to right, element, F-formation, gathering and hub. These are the main territorial
fields of Scheflen’s classification. Each of them can be seen as increment of the previous one for
required space and complexity. In addition, more complex territory can contain simpler ones. The
O and P in the picture stand for o and p spaces whereas the R stands for an unstructured region.

The classification of the territorial organization of small groups goes from the ele-
ment to the hub in order of size and complexity, where the latter can get quite big in
some situations (Fig. B). An element is an array of people sufficiently close to each
other and commonly oriented. Usually people arrange in adjacent locations but some-
times they also crowd in a single location. Participants in an element show a certain
degree of affiliation because they are engaged in a common activity or involved in a
special relationship. Examples of elements include a couple in a normal conversation, a
queue of people waiting in line or a row of persons walking down a street. The next kind
of simple and small territorial organization is the face formation, or F-formation, which
has been extensively covered above and elsewhere. Here we want to point out that the
region of an F-formation comprises the q and the r space in the paradigm of territorial
organization (Fig.[2). The g-space is meant for salutations when joining and leaving the
conversation or just as a buffer area for people who may want to join. The r-space could
be used as a passageway by the participants themselves or for less close salutations.
What in Kendon’s work is called the c-space of a conversation is in fact an s-space
in the Scheflen’s territorial paradigm meant mainly for spectators and outsiders, con-
versely to the innermost q and r spaces where, whoever stops by, gets the higher status
of being associated with the conversation. When elements and F-formations combine
we have a more complex territorial organization called the gathering.

A gathering generalizes social situations like a group of people chilling out in a
living room or at a party. Participants in a gathering do not share the same orientational
spaces but rather there are many o-spaces sustained by several small groups. Indeed, a
gathering is a collection of elements and F-formations which share a common region
(Fig.[3). Another way of looking at it is considering the gathering as an increment of the
F-formation. As such, we can have gatherings that naturally evolve from an F-formation
which splits into more subgroups due, for example, to a higher number of participants.
Notice that a gathering can also be just a collection of individuals clustered together a in
closed space but not affiliated in any way. An example would be a waiting room where
people do not interact. Usually a gathering consists of less than a dozen of people and
takes the space of a room. Thus, in a bar situation we could find multiple gatherings,
one for each room or floor, or multiple gatherings in the same room when several social
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contexts take place. The largest territorial field in terms of size and complexity is called
hub. The hub is an increment of the gathering where the inner and outer zones are
differentiated by role and status of the individuals. Unlike a gathering, the hub has
a nucleus of people which perform for the spectators in the region. Thus, people in
the region orient toward the nucleus while the performers can orient everywhere. The
nuclear formation can be a single individual, an element, an F-formation or a gathering.
Examples of hubs are a crowded theater or a cluster of persons watching at a street
performer. The region of the hub, which is called surround, is usually structured in two
levels of spectators plus an extra zone which is used as a passageway by passersby or
people who simply want to join and attend the performance (Fig. [3).

4 Reaction Generation Paradigm

In our approach, the group dynamics of a simulated social interaction emerges from
the avatars’ territorial behavior. We have chosen to simulate such class of behavior as
an avatar’s reactive response to the environment and social context. The term reactive
response should be clearly distinguished from other agent-based solutions where the
agent goes through a higher level cognition process which involves some reasoning
about its internal state and the state of the environment, to come up with a plan or a
strategy to reach a given goal. There are fewer reasoning steps involved in our avatar’s
reactivity, which by definition should provide a quick response to changes in the en-
vironment, and therefore we can think of it as the simulation of a low level mental
process much closer to perception than higher levels of reasoning. Thus in our reaction
generation paradigm, low level perceptual information is analyzed by a set of reactive
behaviors which motivate an immediate motion to accommodate contingent changes in
the perceived surroundings (Fig. H).

Reaction Generation Paradigm

Perception Reaction Motion
Understand surroundings Motivate movernent Perform motion
AN A

Fig. 4. Outline of our Reaction Generation Paradigm. The agent understands its surroundings
through its senses. Successively, perceptual stimuli are used for generating motivations to move.
Finally, motivations are transformed into physical forces which steer the agents motion.

The reaction paradigm is in effect a loop of continuous control of the avatar’s motion.
The surrounding environment stimulates the avatar’s perceptual apparatus producing in-
formation which is later used by the reactive behaviors to generate motivations to move.
Movement changes the state of the environment and therefore the set of perceptual in-
formation the avatar will perceive in the next round of the control loop.

At first, the avatar perceives its surroundings through a sense of vision and prox-
imity both of which can be tailored to a specific individual (Fig. B). The sense of



Spontaneous Avatar Behavior for Human Territoriality 353

proximity is a simple way of simulating the human awareness over the four distances of
the Proxemics Theory [26]. A sensor structured in four concentric areas continuously
informs the avatar about who or what is in the range of its intimate, personal, social
or public zone. The public and the social zones cover a larger area of space which is
also more distant from the avatar than the intimate and personal zones. Therefore we
have two blinded cones for the public and social zones which extend from the avatar’s
back. For the sense of vision we have a peripheral and central visual area, where the
former is larger and shorter whilst the latter is the converse. At the moment vision is at
its early stage of design and we are planning to extend it with a more accurate model
where one can specify a specialized perceptual ability for each area. For example, the
peripheral vision should perceive movement better whereas central vision should be
better at shapes and detail. These two senses continuously gather information about the
avatar’s surroundings, producing perceptual data which can be analyzed and used for
generating reactions.

Public

Social

_ Central

Personal

Peripheral
o _ Intimate

Vision Proximity

Fig. 5. Two diagrams showing the spatial structure of the sense of vision and proximity. Notice
that proportions have not been respected to make the drawing more readable.

A set of reactive behaviors computes motivations for performing movement. For
example, a keep-personal-distance behavior lets an avatar react by generating a motiva-
tion for moving away when other individuals come too close. Motivations are vectorial
quantities that represent a psychological stimulation in performing a linear or rotational
motion. The reactive framework permits applying motivations virtually to every part or
joint of the avatar’s body or to a higher level motor controllers such as a gaze controller.
However, in our current implementation we limit our control to motivating the linear
motion of the whole body and the rotational motion of eyes, head and rest of the body
(torso and legs). When all the motivations have been generated, they are grouped per
type and then blended into a composition which results in a net final motivation of each
type. The combination of motivations allows multiple behaviors to stimulate the body
at the same time. Several composition algorithms can be chosen for this step. In fact,
motivations for linear motion usually need to be composed in a different way than moti-
vation for rotational motion. After computing the set of final motivations, each of them
is sent to the actuation module which performs a movement that respects the constraints
imposed by the physical motion model.
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5 Social Situation and Territorial Awareness

Now we are going to explain how, in our system, an avatar can show a certain degree
of context awareness when engaged in a social interaction. To seem aware of the social
context, a person has to show its acceptance of the norms that regulate the social inter-
action as we saw in [4] and [24]. Such norms state territorial rights and responsibilities
of participants and outsiders and the acceptance of them makes the interaction possible.
Thus, the attunement to such norms declares an intent of interaction and therefore the
awareness of the social situation and its territorial organization. The spatial boundaries
of a social situation, that we call social place, determine when the context should start
influencing an avatar’s behavior. In our system, such behavioral influence is realized by
the activation of a set of reactive behaviors, each of which realizes a norm underlying
the social situation that the avatar is participating in (Fig.[6). The activation of this set
of behaviors produces the reactive dynamics expected from a group of people that has
accepted the same social context.

In order to provide an example of how the behavioral influence works, we are going
to succinctly describe how an avatar joins a conversation. As soon as an individual gets
close enough to an ongoing conversation, it steps inside the conversation’s territory. If
it keeps moving closer to the nucleus, the individual receives an associated status. An
associated person will be allowed to join a conversation if certain requirements are met.
Since we assume that the conversation takes place amongst friends, the requirements
are very loose. In fact it is sufficient to have the body oriented toward the o-space

Social Place

(Eg. Conversation’s Territory) | keep. personal-distance I_

| keep-conversational-equality I—

| keep-converstional-cohesion

+)-M,, M, .., M,

keep-conversational-common-
attention

keep-conversational-domain-
awareness

T
Composition of Territorial
Constraints

Fig. 6. A diagram to explain how social situation awareness is realized. Inside the border of the
social place, the territorial organization states a set of norms that constraints the avatar’s reactiv-
ity. Thus, the set of norms maps into a set of reactive behaviors that implements a composition
of territorial constraints. The composition blends with other behaviors leading to a behavioral
influence marked on the resulting final motivations My, Ma, ..., M,,.
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and stop in front of it claiming access rights on the common space. Once an avatar is
allowed to join, it is considered inside the conversation social situation, and therefore
it is necessary to activate the proper set of territorial constraints in order to adapt the
agent’s behavior to the ongoing social situation and smoothly blend in. Conversely, an
avatar can leave a conversation simply by going away from the nucleus. Moving out of
the territory will stop the behavioral influence, releasing the avatar from its territorial
constrains. This example is not meant to explain how an avatar should generally join
or leave a conversation, but how the avatar’s behavior is immediately and smoothly
influenced by the simple fact that it enters or leaves a social place.

6 Conclusions and Future Work

The approach described here has been implemented in the CADIA Populus social simu-
lation platform for virtual environments [[7]. An important contribution is in the field of
graphical avatars for games. With the advent of even more powerful 3D engines, faster
and more robust physics engines and affordable dedicated hardware, games are rapidly
growing as complex, fully dynamic and photorealistic worlds. Such rich and complex
environments are now much more effective in providing the feeling of presence, immer-
sion or intense atmosphere, than only few years ago. This generates higher expectation
for behavioral Al, which has to perform at the same level of believability as the graphics
and physics in order to not break the illusion. Today we have many commercial Al mid-
dleware software packages that address the need for better game Al with elegant and
effective solutions, but all of them deal primarily with combat or explorative behaviors
which are not suitable for social environments.

While evaluation of the effectiveness of our approach for multi-player games has
not been performed yet, the visual resultd] and informal interaction tests support our
direction. Having agents and avatars powered by this technology will ensure that they
will immediately show a certain degree of social presence when placed in a virtual
situation. Moreover, this technology will demonstrate the validity of some of the the-
ories of Kendon on face-to-face interaction and Scheflen on human territories. These
theories cannot be formally proven because of the intrinsic nature of dealing with hu-
man behavior. However, an application of their principles demonstrates their consis-
tency as behavioral models and proposes possible extensions to clarify some of their
ambiguities.

A current system limitation that we are working on is that motion generation is cur-
rently restricted to a simple point mass model plus head and eyes rotations that, while
good in its simplicity, is really far from producing believable animations. Since the
framework is totally independent from the implementation we are using to realize the
avatar’s motion, it sounds natural to plug an animation engine into it. Thus a Motion
Generation module will provide an interface to control the avatar’s embodiment while
translating motivations into requests for the animation system. For example, a strong
motivation to moving to the left would be translated into a walking cycle toward the a
destination point while a weaker motivation would result just in a posture shift. Plugging

3 See companion video at: http://cadia.ru.is/projects/cadiapopulus/pedica2009.avi
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an animation engine into our framework will allow the generation of far more convinc-
ing movement. At that point, we will have the possibility of realistically evaluate our
technology to its practical contribution to believability.

Acknowledgments. We are grateful to Dr. Adam Kendon for discussions and sending
the unobtainable Scheflen’s book. Also big thanks to the CADIA and CCP team. This
work is supported by the Humanoid Agents in Social Game Environments Grant of
Excellence from The Icelandic Research Fund.

References

1. Mori, M.: The uncanny valley. Energy 7(4) (1970)

2. Cassell, J., Vilhjalmsson, H.: Fully embodied conversational avatars: Making communicative
behaviors autonomous. Autonomous Agents and Multi-Agent Systems 2(1), 45-64 (1999)

3. Vilhjalmsson, H., Cassell, J.: Bodychat: Autonomous communicative behaviors in avatars.
In: Autonomous Agents, pp. 477-486. ACM Press, New York (1998)

4. Kendon, A.: Conducting Interaction: Patterns of behavior in focused encounters. Cambridge
University Press, Cambridge (1990); Main Area (multimodal commnication)

5. Friedman, D., Steed, A., Slater, M.: Spatial social behavior in second life. In: Pelachaud, C.,
Martin, J.-C., André, E., Chollet, G., Karpouzis, K., Pelé, D. (eds.) IVA 2007. LNCS (LNAI),
vol. 4722, pp. 252-263. Springer, Heidelberg (2007)

6. Salem, B., Earle, N.: Designing a non-verbal language for expressive avatars. In: Collabora-
tive Virtual Environments, pp. 93—-101. ACM, New York (2000)

7. Pedica, C., Vilhjalmsson, H.H.: Social perception and steering for online avatars. In:
Prendinger, H., Lester, J.C., Ishizuka, M. (eds.) IVA 2008. LNCS (LNAI), vol. 5208,
pp. 104-116. Springer, Heidelberg (2008)

8. Cassell, J., Vilhjalmsson, H., Bickmore, T.: Beat: the behavior expression animation toolkit.
In: SIGGRAPH 2001, August 12-17, pp. 477-486. ACM Press, New York (2001)

9. Gillies, M., Ballin, D.: Integrating autonomous behavior and user control for believable
agents. In: Autonomous Agents and Multi-Agent Systems, July 19-23, pp. 336-343. ACM
Press, New York (2004)

10. Helbing, D., Molnér, P.: Social force model for pedestrian dynamics. Physical Review
E 51(5), 4282 (1995)

11. Couzin, ., Krause, J., James, R., Ruzton, G., Franks, N.: Collective memory and spatial
sorting in animal groups. Journal of Theoretical Biology, 1-11 (2002)

12. Pelechano, N., Allbeck, J.M., Badler, N.I.: Controlling individual agents in high-density
crowd simulation, pp. 99-108 (2007)

13. Heigeas, L., Luciani, A., Thollot, J., Castagne, N.: A physically-based particle model of
emergent crowd behaviors. In: Proc. of GraphiCon, September 5-10 (2003)

14. Helbing, D., Molnar, P., Schweitzer, F.: Computer simulations of pedestrian dynamics and
trail formation (1994)

15. Treuille, A., Cooper, S., Popovic, Z.: Continuum crowds. In: SIGGRAPH 2006 Papers,
pp. 1160-1168. ACM, New York (2006)

16. Lee, K.H., Choi, M.G., Hong, Q., Lee, J.: Group behavior from video: a data-driven approach
to crowd simulation, pp. 109-118 (2007)

17. Musse, S.R., Thalmann, D.: Hierarchical model for real time simulation of virtual human
crowds. IEEE Transactions on Visualization and Computer Graphics 7(2), 152-164 (2001)

18. Shao, W., Terzopoulos, D.: Autonomous pedestrians. Graph. Models 69(5-6), 246-274
(2007)



19.

20.

21.

22.

23.

24.

25.

26.
27.

Spontaneous Avatar Behavior for Human Territoriality 357

Rehm, M., André, E., Nischt, M.: Let’s come together — social navigation behaviors of
virtual and real humans. In: Maybury, M., Stock, O., Wahlster, W. (eds.) INTETAIN 2005.
LNCS, vol. 3814, pp. 124-133. Springer, Heidelberg (2005)

Reynolds, C.W.: Steering behaviors for autonomous characters. In: Proc. of the Game De-
velopers Conference, pp. 763—782. Miller Freeman Game Group, San Francisco (1999)
Amor, H.B., Obst, O., Murray, J.: Fast, neat and under control: Inverse steering behaviors for
physical autonomous agents

Jan, D., Traum, D.: Dynamic movement and positioning of embodied agents in multiparty
conversation. In: Proc. of the ACL Workshop on Embodied Language Processing, June 2007,
pp- 59-66 (2007)

Jan, D., Traum, D.R.: Dialog simulation for background characters, pp. 65-74 (2005)
Scheflen, A.E.: Human Territories: how we behave in space and time. Prentice-Hall,
New York (1976)

Goffman, E.: Frame Analyses: An Essay on the Organization of Experience. Harvard Uni-
versity Press, Cambridge (1974)

Hall, E.T.: The Hidden Dimension. Doubleday, New York (1966)

Vilhjalmsson, H.: Animating conversation in online games. In: Rauterberg, M. (ed.) ICEC
2004. LNCS, vol. 3166, pp. 139-150. Springer, Heidelberg (2004)



	Spontaneous Avatar Behavior for Human Territoriality
	Introduction
	Related Works
	Automating Avatar Control
	Simulating Group Dynamics
	Reynolds Steering Behaviors
	Small Scale Group Dynamics

	Conversations and Human Territories
	Reaction Generation Paradigm
	Social Situation and Territorial Awareness
	Conclusions and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




