A version of this paper has been published in: Simulation Modiing Practice and Theory, 31, pp. 116-131,
Elsevier, 2013. See: httg/www.sciencedirect.consciencgjournal /1569190431

Simulation in Contexts Involving an Interactive Table and Tangible Objects

Sebastien KubicRi®, Yoann Lebruf, Sophie Lepreu Emmanuel Adar) Christophe Kolski, Reré Mandiad

@ Univ Lille Nord de France, F-59000 Lille, France,
UVHC, LAMIH, F-59313 Valenciennes, France,
CNRS, UMR 8201, F-59313 Valenciennes, France

b Lab-STICC UMR 6285UEB/ENIB,
European Center for Virtual Reality,
Technopble Brest-lroise F-29280 Plouzané, France

Abstract

By using an interactive table, it is possible to interactrwgeveral people (decision-makers) in a simultaneous and
collaborative way, around the table, during a simulatis&m. Thanks to thRFID technology with which the table

is fitted, it is possible to give tangible objects a uniquentitg to include and to consider them in the simulation.
The paper describes a context model, which takes into ceraidn the specificities related to interactive tables.
The TangiSens@teractive table is presented; it is connected to a MufieAt System making it possible to give the
table a certain level of adaptation: each tangible objestmassociated to an agent which can bring roles to the
object {.e, the roles are the equivalent of a set of behaviors). TheiMgléent System proposed in this paper is
modelled according to an architecture adapted to the eafilo of tangible and virtual objects during simulation on
an interactive table. A case study is presented; it conasisulation of road tfic management. The illustrations
give an outline of the potentialities of the simulation gystas regards the context-awareness aspect, following both
the actions of the decision-makers implied in simulatiord the agents composing the roadficasimulation.
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1. Introduction

1.1. The problem: a need for more intuitive cooperative glesbols

For thirty years, many simulators have been proposed in of sgtplication areas [4]. Most simulation software
are based on a standard architecture and can be used by atasacting according to interaction principles, through
the usual tripletcscreen, keyboard, mousd60, 28]. However, for implementing cooperative designrapphes,
related to dynamic situations, complex, multifaceteds ihécessary to provide interactive simulation tools that ar
more intuitive than the current tools, allowingfi@rent actorsd.g, decision-makers) to think together and react to
changes in context. This paper explores interactive tdb@ssociated with tangible objects. Our case study concerns
road trdfic management.

1.2. Interactive tables and tangible objects for a new satiah support

With evolving technology, the objects in our environmerit i increasingly equipped with computing capacities
and memory, especially in the data processing domain intwtiiie evolution has been significant. Little by little,
data processing has been introduced into everyday life andacome known as ambient data processing [54]. By
highlighting inter-object communication and making it pitde for objects to perceive their environment; objects
must have the “intelligence” (in the sense of artificial Iligence) to meet various objectives.

1The interactive tables are also called tabletops or intiseatabletops in the literature.
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This technological progress lets us to imagine new simarasystems in which any type of interaction would
be possible: the user becomes the primary interactor wilsyistem, but the other people and objects that surround
him/her can also intervene in the simulation system.

We propose to use pervasive technologies in order to ineri@éasraction and intelligence in simulation systems,
with the help of an interactive table. Interactive tablefedifrom the computer because they make collaborative
or competitive group work possible. New interactions anestpossible and feasible. Nowadays, there are few
applications and platforms, which allow simultaneousatmdirations between uselsd, multi-pointing or real-time
document sharing). For this reason, current research aimglore the possibilities of this new technology.

1.3. Case study: road tyic management

Traffic trials can last for several days, or even several weekstdardo evaluate the infrastructures about the
impact of new roads, motorway entriesits, new roundabouts, and road signs, for example. Irtiaddresearchers
conduct studies into the psychological aspects. Humargbeire included in the tfiac loop, thus it is necessary to
assess their behaviour in specific contexts.

Road tréfic models can be distinguished by their design method: demtdaand distributed. In centralized
methods, mathematical models appeared in the 1950s. Suolel allows a highway tific situation to be modeled
using car-following laws, for instance. These laws areaict,f diferential equations that are obtained empirically
through regression using data collected at road sectionsntly operating [34, 2]. Even now, most of the microscopic
simulations use the car-following laws to model in-lanevithg, while the specific case of intersections is managed
using centralized scheduling techniques. In these siiunkateach vehicle approaching the intersection is plated i
virtual queue, one for each branch of the intersection. Fstaince, Vissim [51] has a “yellow box” parameter, which
allows users to define a minimal speed that the vehiclesérisid intersection must respect so that other vehicles
can enter the intersection. Theseffimsimulation tools suggest that a centralized scheduleremadkcisions for
each vehicle, which enters the intersection only when tingjectories are not in conflict. The simulated behaviors
of individual drivers produced by schedulers are not alwagistic, and thus many tifec phenomena can not be
simulated €.g, the presence of tfiac signals violations and congestion inside the intersegtio

Since the beginning of the 1980s, distributed methodsedalso behavioral approaches, have highlighted a
different view. These methods considefficaas emerging phenomena, which result from actions andaicttens of
the various tréic system actorse(g, drivers, pedestrians, road operators)f&ent models have been developed for
building this trdfic: cellular automata models [45], robotic-inspired modé8j, and multi-agent models [8, 20].

For several years now, our team has focused primarily orettie&ic models with multi-agent systems [24, 55].
We suppose that it is possible to propose new types of agesebsimulations on the interactive table described in
this paper.

1.4. The paper’s contents

In this paper, we introduce a new type of interactive tabkeldaon Radio Frequency IDentificatidRKID) tech-
nology (Figure 1). This table allows the users to handleitdagbjects equipped witRFID tags, enabling them to
record information. The users can thus interact and workewn applications using tangible objectsd, design or
production tasks, collaborative decision-making). ThighHevel technological platformi.g., the interactive table) is
a support for our research. Such platforms lead us to ereisag ways of approaching simulation, combining both
virtual and tangible objects [32]. To bdfeient, they need models that take into account the contensef This
adaptation to context can be modeled through a Multi-Agestedn MAS. Multi-agent systems are appropriate for
this type of rich simulation environment because they asebain particular, on models of distributed representa-
tion and reasoning [14]. Their deployment in an Ambientlligence situation [26] would adapt the intelligence of
so-called everyday objects to both the users and the corftese.

In the next section, we present a state of the art about deateareness and simulation. In section 3, we present
the TangiSensénteractive table and its software architecture. In secipwe propose a multi-agent systelmAS
to manage the smart objects and context-awareness MABzallows remote operations of intelligent objects using
a software representation. In section 5, we examine a cadg based on a road fiec management simulation.
Section 6 discusses our proposal. Section 7 gives our cginokiand our prospects for future research.
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Figure 1:TangiSensénteractive table in a collaborative context with tangiate virtual objects: a tfac simulation

2. Previous research

2.1. Context-Awareness

The contextconcept has been used in interactive application desige 9i94. In 1994, Schiliet al. [46] intro-
duced the conceptontext-awarenesand associated it to a mobile system (ParcTab), in whichlosation (“Where
are you?”), the identity of the people (“Who you are with?"$,vaell as the proximity of the resources (“What re-
sources are nearby?”) allow the context to be studied. Tlksgribed how the applications can react to changes in
the physical environment or the user. Some applicatiomsvathe users to participate and the users and devices to
interact; however, these applications react in particataording to the context.

Wardet al. [53] interpreted the context using the user localizatiod the state of the environment. They also con-
sidered the localization of objects. Pascoe [41] defineddimext-awareness concept, defining the context according
to four generic contextual capacities: perception, adEptaresource discovery, and contextual augmentation.

Deyet al. [17] added a detail to these concepts. They defined thexdare set of information elements making
it possible to characterize the situation of an entity, \wh&a person, a place or an object that can intervene in the
interaction between the user and the application. Thew&r@outaz [48] defined thénteraction contextoncept?,
which is connected to the definition proposed by [@gyal. The environment becomes an entity tripigdbject,
Person, Event associated to the current task.

Calvaryet al. [11] introduced theplasticityconcept and the user interface adaptation. This adaptatrandelled
as two complementary properties: adaptability and adiépfiv0, 47]. Adaptabilityis the capacity of the system
to allow users to adapt their systems starting from presetnpeters;adaptivity is the capacity of the system to
automatically improve the adaptation without user action.

In 2004, the context becaneentext of useCalvaryet al. [12] put forward the adaptation of the Human-Machine
Interfaces to their context of use, seen as a tripiéiser, Platform, Environment The user represents the public
involved, the platform corresponds to the material andig# structure underlying the interaction, and the environ
ment refers to the physical environment supporting theaatén.

Rey et al. [44] proposed a context network, calldte contextar They also proposed a component model that
allows the capture, transformation andfdsion of contextual information.

More recently, Deyet al. [16, 18] used similar concepts as those described by theopieauthors€.g, local-
ization, state of the people in close proximity, time) togwee interactive prototyping of context-aware appligzio

2please note the term change.



Pascoeet al. [42] added the concept of social context, which includedgBople’s biometric signs, history, emotions,
status and mood.

To summarize, the definitions in the state of the art refeh#oldcalization and the physical environment, to the
user and generally to a specific platform in order to definetimtext. However, little by little, the cited authors made
some modifications that make it possible to specify and agegtisely the applications to the context with some
indications, such as entities, time or state. Nonethetessent research (after 2007) on context-awareness daes no
modify the definitions suggested previously.

We propose to model the context criteria with a class diadFgure 2) [32]. The criteria most often mentioned in
the references cited in this state of the art are arrangeld$ses. This classification uses the tripletser, Platform,
Environment proposed by Calvargt al.[12]. The users can be characterized by their competeniity,admotions
and cultural information; their preferences can also bé&uted. The characteristics of the platform are taken into
account for the adaptation. The platform proposes a displéice for interactioni.g., screen), which can be tactile
or not. Finally, the environment includes the localizatite type of environment.€., social, professional or private),
the resources available in the vicinity, the informationtba external environmeng(g, local characteristics), and
the possibility of using communication technologies. Timisdel is stficiently general to be adapted according to
specific needs. It can be easily extended, depending on tretogenent and use. It has been extended for using
interactive tables. The related extensions are outlinggigure 2. They are detailed in Section 4.1.

In this paper, we will focus on the concept of context-awassn using an interactive table that makes it possible
to act on virtual angr tangible objects.

2.2. Road trgic simulation based on multi-agent approaches

The multi-agent model which agents evolve iffi@situations, as well as interactions between these agems.
main advantage of multi-agent models is based on the emaigatis dynamic modifications in a response time that
is close to real time: preferences and characteristics whamous vehicles, appearance of vehickeg,(buses,
motorbikes, cars), pedestrians and the road sigrg 6top signs, give way signs, speed-limit signs). The agents
perceive information that is geographically limited andamplete. The tiéic situation is, by nature, an open system
(i.e., the number of autonomous agents can vary during the siiomjah which the various entities do not cooperate
with each other, each having their own objectives. The 8dnas defined by multiple interactions between entities in
their environment, which makes it possible to reproduceemealistic behaviors of human drivers. In fact, simulation
conditions can be dynamically modified: the degree of Vigjbfrom the weather, the driving preferences of the
human driver, the characteristics of the autonomous agemt ¢ars, lorries, buses, pedestrians) and road equipment
(e.q, traffic signals, tréic signs).

Two research approaches are starting to lfemintiated in terms of road fiec simulations usingdAS made by
Meir and Rosenschein [37]. The first approach triesfferarganizational models to improve global problems, such
as logistics anfr services [15, 59], and the second approdtérs solutions for “local” tric congestion problems.
Congestion is a deteriorated state because all agents ropkientim” local decisions priori, far from the global
optimum.

Several studies have tried to answer the problems of cdngegtrom these dierent studies, two multi-agent cat-
egories can be cited to model theffi@in critical situations. A first category deals with cooration modelgrotocols
(e.g, simulation methods) or the equilibrium research [5, 31ede ideas are essentially based on the way to opti-
mize global tréfic. A minimal infrastructure is thus envisaged to regulatedhenta/ehicles in an intersection or in
an intersection network. A reservation mechanism [22, B50Yipdes a coordination protocol for managing the space
in an intersection. Another method described by Tranebial. [49] uses aBlackboardmechanism for scheduling
the tréfic in the intersection, and yet another method describes &amésm to control tric lights by minimizing
conflicts between the fierent agents [25].

A second category describes “profiles” for théelient agents, and then analyzes the impact of these prafiles o
the global tré&ic. These methods make it possible to obtain global infoilmnatin the simulationd.g, statistics data
concerning the average speed of vehicles, the number afeats) to compare with real observed data. For example,
Ehlert and Rothkrantz [23] define agent profiles with a spebiéhaviouri(e., prudent or aggressive behaviours, fast
or slow driving). The agents update theéfdrent information from the environment, and they adaptrthehaviour
from a set of predefined rules. In similar approaches, thenmmous agents make decisions according to predefined
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Figure 2: Modelling of the interaction context, with the nexiteria concerning interactive tables (outlined with dsfaced line)

behaviours (normal, prudent or aggressive) arftedint parameters(g, inter-vehicular distance or acceleration-
breaking characteristics) [40], or make speed-acceteratecisions and set maximum speed [58]. The agents may
also have non-normative behaviourg( not respecting the highway code, not breaking at a stop) E26h

These studies are very widespread, witfiedent goals€.g, the optimization of global tiféic or the understanding
of human driving). We would like to describe a new simulatiool that is based on an interactive table. The
simulation may be dynamically modified by thdfdrent users: changing the road infrastructure or altehinddcal
behaviour of specific agents.



3. The TangiSense interactive table

Our research aims to develop an interactive table as a tabhtlows interaction betweenftirent users. Com-
pared to a traditional computer, this platforiiess one main advantage: it can be used simultaneously byua gfo
people, who could easily work around it.

Table 1 gives five dferent interactive tables, with each one usingféedent capture technology. This table shows
that each capture technology has its own characteristieat i$ why the current interactive tables combin@edent
technologies.

Table 1: Five interactive tables usingiérent capture technologies

Name Capture Tactile User Object | Object | Artificial Representative
technology distinction | detection | overlay | Intelligence Application
Blip-tronic 3000 [7] Webcam No No Yes No Robots Music
Diamond Touch [19] Capacitance Yes Yes No N.A No Cartography
Magets [56] Fiber Optical/ DSI Yes No Yes No No Proof of concept
ReacTable [30] Rear DI Yes No Yes No No Music
TangiSense RFID No Yes Yes Yes Agents Traffic Simulator

We have chosen an interactive table, calladgiSenseThis table is not tactile, unlike the most of the interaetiv
tables on the market and in the scientific literatufangiSenseable presents direct interaction via tangible objects.
The TangiSensé¢able has one advantage: this table detects overlappirggtsbjpy usingRFID technology. This
technology can also store information about thiedént objectsd.g, size, history, behaviour). This solution allows
the object to “agentify” by associating it with an agent dgrthe simulation.

Figure 3 shows th&angiSenseteractive table, which is made up of “tiles”, each tile tains 64 antennas (88)
and measures.2 cm square, while the table measures Xinm. Designed by th&Fldeescompany?, this table is
operational, but its hardware is constantly evolving. Ih@v a question of designing and developing the operating
software for the table and the associated objects. Witketbbgects, the users around the table are able to interact and
work collaboratively with applicationg(g, simulation, design or production tasks, games), usingighyobjects.

Figure 3:TangiSensateractive table equipped wiRFID technology

As mentioned earlier, the objects used on our interactibktean be virtual or tangible, with the latter being
physically accessible and easy to handle by the users. \Mhealisual objects video-projected on the table “virtual

Swww.rfidees.fr



objects”. To accomplish the video projection, two techg@s are possible on tHangiSenséable. Either a set of
LEDs is placed on the surface of the table or a video projastosed. The table is fitted witRFID antennas, which
make it possible to detect the tangible objects that R tags, which can store information, such as the history of
the object's movements or the users’ or objects’ autheatifio information. During the initialization, the applta@n
associates the tags to one or several tangible objects.

The software architecture selected includes severaldgyégure 4):

e the hardware, which is the table itself.

e the middleware detects tangible objects, each equippddomié or more tags, handles events associated with
the objects and communicates the modifications of the abjpositions to the multi-agent system.

e theMulti-Agent SysterfMAS layer (presented in section 4.2) which brings reasonipgcisies into the system.
TheMAShas a total view of the virtual and tangible objects that mgkés environment. The organization [1]

between the agents makes it possible for the objects to b#igently managed and to assign roles to the
objects.

¢ the Human-Computer Interactio(HCI) layer, which communicates with the users and which alloistsiai
information to be transmittea(g, the user's movement of a virtual object).
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Figure 4: Software architecture of thangiSensd@able

Our research is focused on theASand theHCI layers. TheMASmanages the intelligent aspects of tangible and
virtual objects, which can hold multiple roles dynamicalljhe HCI uses theRFID technology as a basic capture
mechanism for context-awareness [32]. In the next sechierpresent a multi-agent system designed especially for
interactive tables. This system adds an intelligent lagetHis new type of interaction platform.
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4. Proposition of a multi-agent architecture for simulation on interactive table

Since the rise of mobile platforms and new interaction s@$aé.g, interactive table), we saw that it was ad-
vantageous to predict the adaptation to @l context. The state of the art in section 2.1 proposed a seitefia
(Figure 2). Platforms like interactive tables were thensidered. In this section, we consider the characterisfics o
interactive tables and complete the context model prodbgeate new criteria. These developments are outlined in
bold-face in Figure 2. These criteria (s&1) are then integrated into our multi-agent architecgtudgich will be
used to provide abilities to interact with oliangiSenséeteractive table.

4.1. A model of context-awareness enriched to interactibies

Compared to the usual platformesd, PC, laptop, PDA), one of the characteristics of interactables is that they
can be multi-user. An attribute that allows the applicatmknow whether or not the tablensulti-user can be added
to thePlatform Class (Figure 2). Thus, several users can use the apphicatithe same time. These users will have
certain relationships that will modify the way that theylabbrate and interact. Aocial link attribute is thus added
to our model, which allows the application to know the typégetationships the users maintain.

Moreover, using interactive tables results in a new way @dracting angbr collaborating. This collaborative
process needs new context criteria. In this paper, we doawoisfon the platform changes; we only consider the
context-awareness involved in using the table.

Generally, the context is taken into account by an appboativhich is adapted to the platform, the environment,
and a user. Here, the applications are adapted to the emamnto the users but also to thpwsition in relation to
the table. We think that in such a context of use, the usesgipa is quite important, influencing the platforine(,
the display) itself. In fact, the context will not be the saifrthe user is positioned on one side of the table or on the
opposite side. An adaptation may be necessary to allow #rgt@svork correctly according to higer position on the
table. These adaptations can be determined during a codiimuse of an interactive table. Each user must be able
to work on higher own space, which is allocated from the common space.

For the specific case of interactions with an interactivéetal criterion can be added to the model to know
whether or not the environmentdsllaborative. This criterion is placed in the environment category rathan in
the platform category because the platform makes collgéiborgossible, but the environment determines whether
or not the collaboration is real. This collaborative enmimeent can be distinguished by two characteristics that will
influence the interactions:

e co-localized collaboration which happens when the users use the table to collaborate;

e distant collaboration, which happens when the users have several distant plaformie users use the table
and another distant platforna.g, another table or other platforms).

A contrario, the location is an unnecessary context criterion becdugsmteractive table is generally not mobile,
but it can be also added to the model.

According to our model (Figure 2), two kinds of objects canused with interactive tables: virtual objects and
tangible objects. In our case, the interactive table cortaiset oRFID antennas, which allow the simultaneous use
of virtual and tangible objects.

We describe the multi-agent architecture that brings timect-awareness mechanisms to the interactive table.

4.2. Description of a multi-agent architecture

The multi-agent system manages the behavior of the tangiidets moving on the table and of the virtual objects
(i.e., informational deliberative entities) that are used tplement the table. As shown in Figure 4, we associate an
agent to each tangible object [33], and to each interaciitaal object displayed on the table. Information coming
from severaRFID readers is transmitted by the middleware; this informaisonsed by agents to build their views
of their environment (as in Vrbat al. [52]). In order to design #MASthat controls the behavior of tangible and
virtual objects for a given application, we need to definertiationships between theftirent types of agents and
the functional roles that they have to play according to paieation to be instantiated.



4.2.1. System organization

To define the relationships between agents and their régpeotes, we propose to use the class diagram given
in Figure 5, which establishes links between agents ang.rdlkis diagram is inspired by the research proposed by
Odell et al. [38, 39]. The particularities and properties of the inttikee table’s applications led us to define a class
of agents MAM4IT Agent Multi-AgentM odel For | nteractiveTable) instantiated by all the agents used for these
different applications.

We propose & ituatedAgentlass that can be extended by eith@rangible Agentlass for agents (associated to
a real tangible object) or ¥irtualAgentclass for agents (associated to a virtual object projectethe interactive
table). These agents are located in a Cartesian plane firasesnts the environment defined by the interactive table.
A ConnectionAgenplays the scribe’s role and contains information on thetwsii.e., cartesian coordinate on the
plane) and internal addresses of system agemgs FIPA's Management Service Ageht

A MAMJAIT Agentpossesses a list of role that can be initially empty or nate&d, the list of roles may dynami-
cally evolve while the application is running:

e through self-adaptation (depending on its perception efehvironment, an agent can ask teleManager
agent to retrieve a role, or it can inform tReleManagemlgent that it is leaving a role);

¢ through agent interaction (an agent can receive a role frosthar agent); or

e through a direct action of a user (a user is allowed to addoamdmove roles by interacting with the agent
through tangible objects).

Initially, roles are stored and managed by an agent thati@RdleManagerole; this agent plays a kind of
directory services role. Like the Directory Facilitate:d, yellow pages) recommended by the standard FIPA, this
type of agent makes it possible to discover which agents pwlaigh roles or what are the roles played by a given
agent. It contains the list of couplesgent, roles and the list of couplesobjectID, role- because some tangible
objects can represent roles that users add to situatedsagent

4.2.2. Knowledge and Context

To model our multi-agent systems and the roles, we used theafsms defined by Adarat al. [1], which are
based on the roles, and we took inspiration from the taskrdposition of Hannouset al. [27]. Each agent in thRIAS
is composed of knowledge, states, messages, personalantésoles. This knowledge includes: social knowledge
(KS) relative to knowledge about other agents; environmemahkedge KE) relative to the objects perceived in the
environment and the environment map; personal knowlel@? that contain the agent goals and properties.

Each agent also contains, by definition, a perception fandtiat allows the agent to update its knowledge and to
receive messages. According to the agent's knowledge ardgages, it activates some of its personal rules and some
of its roles.

An agent rule is composed of a set of elementary tasks; eakttes a priority level that is used to evaluate the
agent’s preference for this rule.

The role characterizes the ability of an agent to performesgpecific tasks [57]. In our case, a role is also
composed of sets of: social knowledd€S) relative to knowledge about other roles; environmentaliiedge KE)
relative to the objects needed to play the role; personalletge KP) that contain the role’s objective, the conditions
in which the role can be activated (pre-requirement) an@¢dmsequences of modifying the agent’s state. We propose
to define a rol&k with the equation 1.

The role contains also the context knowled¢@"'® that defines dferent interaction criteria, such as user compe-
tence, user position and collaborative environment. Ofsmuhis knowledge relative to the context could be stored
in the set ofK E of environmental knowledge, but we propose, in this proj@céxtract the context knowledd&C in
order to facilitate the definition of the roles, from the dgmr point of view.

A role encompasses a set of rules. We define a rule (see egatas a set of behaviors associated to the role.
A rule is composed of a name, a priority level, and a set of efgary tasks. The rules are chosen according to the
agent’s knowledge, issued from its perception of the otiféehe environment and according to the rules priority level

4Foundation for Intelligent Agents (FIPA) defines standdaisMAS- www. fipa.org
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Figure 5:MASclass diagram
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,rules®®
rule = ( namé'®, priority™'®, task$"® ) 2)

For example, in road tfAc management, the agents may have the role of drefeE(. 3).

driver, priority{}, KP{Driver’s_license,
R=| KE{RoadsRoadSigns KS{Vehicles, 3)
rulegRespectStopSigBend Alert. . .}

An agent receives thBriver role if he has the necessary prerequisiteg,(a driver’s license). Environmental
knowledge of this role allow the agent to have a local repried®n of roads and road signs. We limit this knowledge
because it is not necessary for the agent to know all the raaddrdtfic signs on the table. Therefore, the environ-
mental knowledge is acquired by the agent through its fieldsidn. This local environment is sequentially updated
at each movement. Social knowledge makes it possible to geadifiicult situations with other agents (giving way
to emergency vehicles, not colliding with the vehicle infteetc). The role is composed of a large set of rules that
define a set of actions.

The notion of contextof the HCI layer is a subset of the agent’s environmental knowledge. ctimtext knowl-
edge KC) of an agent is composed of the tripletser, Platform, CollaborativeEnvironmentas proposed i§4.1.
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We propose to use this triplet in the definitionO€ with KC.U being the knowledge context of the USKIC.E the
knowledge context of the nature of the Collaborative Envinent,KC.P the knowledge context of the Platorm. Thus,
we have:KC = {KC.U,KC.E, KC.P}.

The Context Knowledge allows an agent, through its rolesd@pt its interaction with the users and the other
agents. Other interactions between agents are deducedtli@imclasses. For example, an elementary principle
between Virtual Agents and Tangible Agents relies on theeractions. A tangible agenbject can act on a virtual
andor tangible agenbbject. In other words, a tangible ag@itject's movement can push a virtual agehject or
another tangible ageiobject, whereas this is not the case for a virtual g@bjgct. A virtual ageribbject cannot act
on a tangible agerubject.

The list of roles is dynamic for a given agent; this one careikecor reject some roles. We propose a role
management procedure based on three major notions for ia igiles

1. The pre-requirements that an agent must respect to hvecallto receive a role.

2. The implications that define a role’s consequences onennt &g, the addition, the modification of the agent’s
personal characteristics).

3. The coherence management of the role aggregation or natidi process.

The pre-requirements and consequences are stored in gwnpeknowledgel P'®) of the roles.

To manage the dynamic lists of agents’ roles, we usdthragerAgenin reference to the class diagram in Figure
5. The description of roles and agents are fundamentaliptascfor developing an application. In the next section,
we will use the proposed model in a case study highlightiegéhconcepts.

5. Case study: a simulation of road trdfic management

In this section, we present a case study related to the dimlaf road tréfic management. This context-
awareness situation makes the various interactions wihntieractive table visiblee(g, user collaboration or ad-
justment of the number of users and their positions arouaddhle). In this simulation, we studied the possible
interactions between virtual and tangible ag@iigcts. In this case, tHéCl andMAScannot be used independently
and are integrated into the roadffra management simulation, which is described step by step.

5.1. Consideration of the actors implied in the simulation

In the research literature, the most common cases of ceateateness intervene during platform modifications
(generally restricted) when users leave their personapcoen and use a PDA or another mobile platform. In this pa-
per, context-awareness does not focus on platform modditat The interactions will focus on using tfiangiSense
table with tangible or virtual objects.

In this case study, a user, who is responsible for the infresstre, initially occupies the interactive table’s
workspace alone. He can thus use all available space an€l thk wirtual and tangible objects needed in the de-
sign task. Two other users, a security expert and a site fameare able to work collaboratively with the person
responsible for the infrastructure, but they have their objects to use for the task (Figure 6). This change of context
must be detected in order to adapt the interface to eachtaxgmrand to allow them to use their own objects.

The new usersi.g., the security expert and the site foreman) put their obj@zisipped with one or moreFID
tags) on the table. An object withRFID tag can be identified and thus detected (We do not explainrteegs of
authentification in this paper). The table detects the newsusbjects and notifies the original usee( the person
responsible for the infrastructure) that he will not longerworking alone. Th&lCl then adapts the display of the
preceding information so that the table is able to “share”dpace among all of the users and associate each object to
its useP. Since the users work collaboratively, it is not necessagdapt the principal displdy

5In other types of application, it would be possible to hightithe objects of each expert by associating each tangiéeowith a virtual
object €.g, a different color halo under the objects of each expert).

60ne can note however that the specific data to each expert musaiked according to the location of each user. For exampmlesetburity
expert user must have safety markings foytnés position. Therefore, the context of use must be adaptdd [3
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User 3 (Site foreman)

Site foreman’s

Virtual Object rorema
Tangible Objects
A

(prOjECted) Security EXpert'S

Tangible Objects

BS *\ ,_..___.‘__

User 2
(Security
expert)

Tangible Workspace |nmmm{"s ] Cvc\:}éar'gsogaag\;e
Objects Tangible Objects -
Person responsible for the infrastructure Person responsible for the infrastructure

Figure 6: A context-awareness situation: individual (fett) and collaborative (right part) use of thengiSenséable with tangible objects

Figure 7 shows the context according to the classificatiatesy proposed in section 4.1. This figure shows the
initial context (top table) and the modified context (botttale). The number of users using the interactive table was
modified. The profiles of the new users were then added, aswéile relationship between the users, if necessary. In
this case, the uselJl) was assumed to be the colleagueJ& andU3. The environment became collaborative and
co-localized.

This case study highlights the criteria proposed in sectidn It also justifies our context model and validates it
through a simple example of interactive table use. Our exam@monstrates that it is essential to adapt our model
according to the use context of interactive tables, esfig@itien using tangible objects.

5.2. Road trgic management

In the road tréfic management simulation, vehicle agents represent diisosdrive on a road network. The road
signs are the tangible agefukjects, and the vehicles and the road network are the Viafyentgobjects {.e., are
shown on the table with a video projector). The rules for ttieed role are defined according to the Highway Code.
Vehicle agents have to choose the rules according to theiraictions with the others, their perception of the other
vehicle agents and the environment in which they are acting.

5.2.1. Agent concepts useful for the simulation
The simulation application proposes a set of facilitiesdusg the person responsible for the infrastructure, the
security angbr site foreman experts to manage roadfittalts main objective is to optimize road fiig, like Balaji and
Srinivasan [3] but using an interactive simulation, by auag treffic jams and by improving the emergency services.
For all applications based on the interactive table, we ddfgets of tangible and virtual agents for the roaffitra
simulation:

e Tangible agents: they represent tangible objects equipfiadone or moreRFID tags. These objects corre-
spond to road signs, tiféc lights and some tangible actions. Some of the objectsseptdehaviors that can be
associated to the agents. For instance, with a tangiblebj&ed to an “ambulance” behavior, we can check
the driver behavior and modify the behavior of a driver whe tiee “no breakdown” pre-requirement. We just
have to place this object in the vehicle position of the drpm®jected on the table.
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User 1
Vocation: person responsible for the infrastructure
Skill: consulting, network, economical conceptio
etc.

UserPosition: in front of the table

Time: 9:00

Collaborative Environment: not applicable
Multi-user: yes

Screensize: 1mlm

Objects: tangible and virtual

U Changes

>

User 1

Relation:U1 colleague ofJ2 andU3
UserPosition: in front otJ 3, right ofU2
User 2

Vocation: security expert

2 | Skill: security, town-planning, organization
UserPosition: right otJ3 to the left ofU1
Relation:U2 colleague ofJ1 andU3
User 3

Vocation: site foreman

3 | Skill: civil engineering

UserPosition: left ofJ2 in the front ofU1
Relation:U3 colleague ofJ1 andU2
Time: 14:00

E Simulation speed: *2
Simulation speed: *5
Collaborative Environment: colocalised
p Objects: tangible and virtual (road signs, fli@

lights, roads, intersections, cars, etc.)

Figure 7: A context-aware situation: the state of the emvitent based the context model; Top: one ukklr)( Bottom: three userd1, U2, U3)

¢ Virtual agents: projected on the table, they represenedagents and service agents. For exampleGnaus
agent collects information about agent positions, infoagents about their environment, and transfers infor-
mation to theHCI layer; and theoles Managetagent stores arior transmits the dierent roles used while the
application is running.

The context model (Figure 7) is included in the role desmipt It is updated when the middleware layer gives
information {.e., addition, withdrawal, displacement) to a tangible agéoiLéa modification of the tangible object to
which this agent is linked. This tangible agent can switehuber, the platform or the environment. In the roaflitra
simulation, the environmental context allows the speedhatiivthe simulation progresses or the level detail of roads
to be described, for example. These changes in situatiengearerally caused by the users and their skills, which
allow them to test new situations. The number of users artldable and their skills can interact with the agent
roles. Whenever a change is detected, information is serstdio @gent to update their knowledge base. Depending
on the situation, the drivers (vehicle agents) must adagit behavior and if necessary compute new ways to reach
their objectives.

Other tangible objects can also be used to create new vsloolehe tablei(e., the users put the stamp on the
table) or to zoom in so to have an overview offfi@or of a specific part of the environment.

The environmental knowledge of vehicle agents is used t@semt roads and road signs in the vicinity. The road
network is stored in the environmental knowledge of vehadents as a weighted graph; it contains the directions,
the speed limits, and the number of lanes. Social knowletigescritical situations to be managed in terms of other
agents €.g, giving way to vehicles that have priority) [20].

For instanceRespectStopSigule relies on the following action plan consisting inilyaih stopping the vehicle
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and the driver looking left and right and then acting ortfica The rules of a role are sorted by their level of priority.
This priority is dynamic and computed at run time. For exampl a given time, a rule that we cakndreliant on

the following plan consisting in calculating the bend degaed adjusting the car speed and finally turning the wheel
can be subject to another rule (for examtespectS topS igras priority oveBend to avoid conflict.

5.2.2. lllustration and validation on a scenario

The scenario shows an example of a roadhitranicroscopic simulation (in the sense of [35]). The road map
and the vehicles are projected on the interactive table byH@I layer. The users can interact with this map by
addingremovingmoving tangible objects equipped wiRFID chip(s); these objects represent road signs, but some
of them can be used to slow down the simulation, zoom jowtrfrom the map, or move the map.

When a vehicle agent is at an intersection, it receives mesdagm the tangible objects in the local environment
that represents the road signs and adapts its behaviordiwgdo its state, its roles and its local environment. The
user can move the road sign tdtdrent intersections to see the impact on roafiitra

TheMASmanages messages from the interactive table, in additioneieagent messages. When the user moves
an object on the surface of the table, RREID antennas, composed of nine active zones, send the objetbpsto
theMAS

To illustrate the interactions with the tangible objects virtual objects and the users, we propose a scenario
making it possible to follow the collaboration of three fiekperts, implied in the “road tfic management” (Table 2).
This scenario illustrates an extract of a work session épgpa road tréfic simulation in the town of Valenciennes,
in the north of France. The three experts must considerwsipossibilities concerning the installation of crosssad
and maximum speeds for certain roads related to the craisroa

Table 2: Detailed stages of the scenario

Stage 1 — Initialization of the map:
After having selected a working area using JOSM (Java Open-
StreetMap Editor) software, the data is recovered from arLXi&
and transformed into a directed and balanced graph. The srthpmn
generated starting from this graph and is displayed usingdeov
projector.

Stage 2 — One simulation actor zooms in:
An expert uses a Zoom object to modify the map scale. Thiscoige
associated to a tangible agent having the zoomMap funciimeger
val): if the val variable is positive, an enlarging of the video-projected
map is done; and ial is negative, the map is reduced. The rotation
direction is determined according to the relationship leetvthe old
and the new radian value of the object.

Stage 3 — The cars arrive at a crossroad:

When the map is loaded, the crossroads are not initializedeant
entry is symbolized by a white square. Vehicles represebjedir-
tual agents are generated in the graph according to a flowtranee
points simulating a trféic flow. The vehicles then move then on the
graph either randomly or with objective lists defined at thigializa-
tion stage. To solve the shortest path problem to go fromtpbito-
wards pointB, the vehicles use the Dijkstra algorithm. The operatjon
principle of the vehicles agents is based on a traditionalehof per-
ceptioridecisiorfaction.
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Stage 4 — The security expert places tffic lights objects at each
crossroad:

A virtual agent is in charge of a crossroad and manages edigh &n
prohibits or authorizes the vehicles to go through accagrttirthe road
signs. On this figure, the security expert placesitréights objects and
initializes the various entries (an entry is initializedevha LEDs halo
under the object becomes green). The agents in chargefiid tights
then communicate with the crossroad agent by sending a gessa
inform it of the signs which should be set up. In this situatibe
crossroad agent has as many behaviors as entries (herg thhese
behaviors are finite-state machines and make it possible foogh a
greenstate to aed state, from aed state to arorangestate, and from
anorangestate to ggreenstate according to the evolution of time.

Stage 5 — Consideration taking of the trdfic lights objects by the
crossroads:

When the indication of the crossroads is set up, thi¢réghts are
activated one by one ingreenstate, which authorizes the vehicles to
pass through. The setting up of this state implies the medifio of
the graph node associated to the crossroad entrance whigklticles
use to travel. The experts can analyze freely and easilyahiele be-
haviors at this intersection (with the same types of corsasin [13]).

Stage 6 - The security expert proposes a speed limit 80km/h be-
fore the crossroad:

The security expert places a road sign to limit the road torBhk The
agent in charge of this object modifies the vertices of thealgraph.
The maximum speed that the vehicles can reach is updatedtfrer
road sign until the next intersection. The other vehicledatg their
speed as soon as they arrive near the limitation.

=}

Stage 7 — The person responsible for the infrastructure propses
another speed limit of50km/h when approaching a crossroad:
The person responsible for the infrastructure choosesstdtie éfect
of the speed change of the road by limiting it to 50/kmWhen two
tangible speed limit objects are placed on the same roasltlitei last
road sign placed which is taken into account by the system.

Stage 8 — The site foreman indicates that there will be some aal-
works:

Finally, the person responsible for the infrastructureaees his pane
because the site foreman has to indicate, using a warnigsiga that
there will be roadworks. This panel can be linked with the @ftk
speed limit and thus results in dividing the maximum speedway
(choice of the developers of the simulator). Consequetthityyehicles
must slow down and go from 90 Kimto 45 knjh starting from new|
sign.

The proposed application is in the prototyping stage. Itigt@n in Jade [6], a FIPA standard software imple-
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mented in Java, and used to simplify the deployment for thii+agent applications. This tool allows withouffert
to create and activate thefldirent agents, and to process exchanged messages betwsseagants.

6. Discussion

Although interactive tables are beginning to emerge froadamic and industrial laboratories, and these tables
are beginning to be commercialized, few (or none) softwacglycts are provided with the hardware. In addition,
most software applications are musical applications, gamed applications managing multimedia data, especially
pictures. With respect to industrial problems, the simatais very little, or not at all, dealt with in interactiveltkes,
while the economic stakes are potentially very important.

The simulation application is significant for the followimgasons. It shows that the interactive table, coupled
with tangible objects (withRFID technology, in our case) is a natural support to interastlmetween dferent users.
This work seems to be coherent with other approaches [2%]9which have contributed to tangible interactions,
whatever the technology used. It also shows that the censigtof the information related to the simulation and the
interactions in dierent contexts, which may vary considerably during a sitiariesession, and between tangible and
virtual objects, is ffectively supported by the multi-agent system. To our kndg#e this approach has never been
used yet during the simulation of interactive table. Moexpit can be reused for other applications, which are not
described in this paper. We have implemented other apjitathat are dferent from tréfic simulation, using a
multi-agent approach for this interactive table [31].

Moreover, in most of the research work, the researchers texmdicitly take into account the decision-makers
in the trdfic simulation. Nevertheless it is important if one considgtsations in which the decision-makers have
to make choices among several alternatives (for exampléutty she environmental impact of féierent possible
modifications in the road infrastructure). The underlyingstion could be expressed as the way to coordinate several
human actors, each with specific functions, who must meetdfjeirements of their complex tasks. So we have
proposed in this paper to representetient human actors (person responsible for the infrastreicsecurity expert,
site foreman) acting with their tangibled., physical) objects, each of these actors having their ovatsgo achieve
(different context of use). The interactions between theBerdnt human actors depend not only on the direct actions
on the agent-based simulation (in particular in the appibogpresented in the paper, on the infrastructure, corogrn
the safety problems and considering the constraints linkedadworks), because they are also the result of direct
verbal communications. The modification of the infrastawetis thus directly taken into account by the simulated
agents (vehicles, tfiac lights,etc); the response by a mathematical approach would not useglijmmediate.

More generally, the use of interactive tables based A& approach leads to analysis about people interacting
with agents, which have not yet been explicitly considerethe literature (as regards neither interactive tables nor
multi-agent approaches). Indeed we are confronted witblpnos, which besides being veryfiitult to analyze,
involve mutual influence of decisions. The human decisi@kens take decisions in a more or less collaborative
way (that can be considered as a system of decision-makers)can consider also that they propose implicitly or
explicitly behavioral rules to be applied in the studiedtsys (in our case the agent-basediicasystem). At the
level of the studied system, the agents react immediatglygt@nvironment; they can also generate other constraints,
which have to be treated by the human decision-makers. tirbes clear that in this way, each systevtAS group
of decision-makers around the table) influences the othetsaity. Such new simulation possibilities clearly show
that a new research field is now open, regarding simulaticandnteractive table, in collaborative contexts involving
humans and software agents.

In short, we suggest a new research path for proposing amgia¢ivey new simulators with interactive tables, in
which the objects involved in the simulation can be both ilalegand virtual objects. In this context, the users, thioug
natural interactions, may themselves become the actohedimulation.

7. Conclusion

In this paper, we proposed a new type of simulation. It radiegn interactive table, callékhngiSenseand a set
of tangible objects. These objects can be used and maredubgt a group of users, who are the decision makers,
cooperating together around a given probleng( for the design of a complex system).
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The RFID technology makes it possible to trace objects and to trarisformation. We presented a state of the
art about context and context-awarenesg,(interaction context or context of use). We proposed a sbm@del
based on this state of the art and enhanced with new contexiaifor using theTangiSensateractive table.

We proposed a multi-agent system appropriate for managiagtobjects and the interaction context. THAS
can be used with any application. It can combinfedéent roles for the agent responsible for managing virtual o
tangible objects. A case study in roadftamanagement simulation was proposed in order to illustreteontext-
awareness mechanism and the multi-agent system.

This simulator allows dferent users to work together cooperatively at the intaradtible by directly manipu-
lating physical objects of a road infrastructure, which paet of tangible components of the simulatieng, traffic
signs, lights). The objective is now to develop other dertrat@rs of new types of simulation systems, allowing
interactions between several types of users. Many evahmtian also be envisaged.
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