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Abstract. One of the most promising fields for Ambient Intelligence
(Aml) is the implementation of intelligent emergency plans. By using
Aml, it is possible to improve the collaboration and coordination strat-
egy of response efforts in emergency situations. Despite Aml systems are
generally evaluated by using Living labs, it is desirable to use simulations
in the emergency case. Simulations have allowed emergency committees
and emergency experts to improve the performance and efficiency of
many emergency plans while decreasing the limitations of regular drills
and Aml restrictions. However, despite their wide range of benefits, sim-
ulations are currently facing many problems. Among those, simulations
are performed in an ad-hoc model and are usually “closed”. To improve
this situation, this paper proposes using semantic web technologies as a
powerful tool to reuse, extend, and combine different simulation compo-
nents.
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1 Introduction

Ambient intelligence (Aml) is an emerging discipline in information technology
in which people are empowered through a digital environment that primarily
consists of sensors and devices connected through a network [1]. Aml offers a
digital environment in which it is possible to support the cooperation of devices,
services and people [2]. One of the most promising fields for Aml is implemen-
tation of intelligence emergency plans. By using Aml it is possible to improve
the collaboration and coordination strategy of response efforts in emergency
situations.

One of the most common ways to evaluate Aml systems is by using living
labs (LL). LL refer an approach for representing a user-centric methodology
for sensing, prototyping, validating and refining complex solutions in evolving
real life contexts [3]. The benefits of using LL to validate emergency plans are
highly valued. LL use an infrastructure that enables people to simulate the real
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environment of physical spaces such as houses or buildings with multiple IT
devices connected and distributed across a network. However, in this approach
some features are modelled without including a complete characterization of
people and spaces. Living labs face some restrictions such as: (1) control the
variables and parameters related to emergency, (2) control the time constant of
the emergency.

Over the last years Agent Based Social Simulation (ABSS) have been used
by many emergency experts and emergency committees. Currently, ABSS are
usually “closed” and for specific services, i.e., they cannot be parameterized to
adapt them to other cases beyond the studied case. Moreover, the experiments
are not reproducible, i.e., the information given about how the authors have built
the simulations is insufficient to repeat them. Many simulation models are often
accompanied by underlying assumptions that are unknown to the researchers or
cannot be explicitly characterized for a particular model.

It is necessary to provide a solution for the ad-hoc emergency modelling is-
sue and subjective interpretations for improving the emergency plan strategies
by including more realistic egress plans in the emergency simulations. Ontolo-
gies are useful across the simulation modelling and for knowledge sharing [4]. In
order to provide ontology driven simulations and improve the aforementioned
shortcomings, we propose a mechanism based on Semantic Web Technologies.
More specifically, a model where users can build emergency scenarios based on
contextual information and semantic relationships. Our model has been defined
as a subsystem on top of the semantic architecture framework proposal by Ser-
rano et al. [1]. In particular, we have followed the methodology for the evaluation
of emergency plans and we have adapted the vision presented in such work by
implementing a module to support the creation and validation of emergency
simulations.

This paper is organized as follows. Section 2 presents an overview of the
most common frameworks used for validating emergency plans. The overview
includes a description for ABBS frameworks and emergency domain simulator
framework. Section 3 introduces the proposed architecture by describing the
most important components. Next, section 4 introduces the implementation of
a semantic module used to validate the proposed architecture. Finally, section 5
summarizes the results and points out the possible future research directions.

2 Background

This section describes some of the most important frameworks used for validat-
ing emergency plans by using the simulation approach. We have included two
main categories: (1) ABBS frameworks and (2) emergency domain simulator
frameworks.

2.1 Agent-Based Social Simulation Frameworks

An interesting wiki [5] on platform comparisons presents the large number of
frameworks available for general ABSS. This wiki currently lists 81 frameworks
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with information that is important for the purpose of this paper, such as the
license. To the best of the authors’ knowledge, none of these simulators gives ab-
stract mechanisms for simulating emergency plans. In general, the most popular
ABSS frameworks, such as NetLogo, MASON and Repast, do not offer tools to
build a realistic environment model with the capacity to perform emergency-
plan evaluations. Nevertheless, these platforms can supply interesting support
for developing more abstract resources.

2.2 Emergency Simulation Frameworks

Currently there are several domain-specific frameworks to address the emergency
simulation approach for indoor environments. Some interesting works such as [6],
[7], [8], [9], [10] and [11] have shown the importance of studying emergency plans
based on simulation approach. However, currently, their design and validation
process need to consider new tools, components and platforms for reducing the
development effort and facilitate the deployment of realistic simulations.

Some of them need to support knowledge sharing and reuse mechanisms.
In [6], the authors propose an interesting approach for supporting the egress
in crowd simulations. However, its architecture is based on an ad-hoc approach
in which actions are performed by restricted subjects from a multi agent world.
There is not Aml features that allow designers to create participatory simulations
and augmented experiments for the crowd actions. In [8], the authors propose
an interesting approach for supporting the emergency egress process. However,
every function around the egress situation does not include user profile charac-
terizations. In [7], the authors propose an interesting architecture for emergency
response simulation which includes human, environment and validation features.
However, it does not include mechanisms to formalize the emergency knowledge.
There is not ontology modelling.

In [1], the authors have proposed a methodology for developing and using a
holistic framework based on an ontological approach. The architecture shows a
novel and useful approach for generating and validating emergency plans. The ar-
chitecture has been designed by using a service-oriented approach in which a set
of components are defined for offering a set of functionalities as emergency ser-
vices. In this framework, ontologies are used to formalize the emergency knowl-
edge domain and provide a common understanding that allows users to support
the reasoning process and integration service.

3 Proposed Architecture

In an attempt to narrow down the aforementioned shortcomings, we have de-
signed a semantic emergency model and we have implemented a semantic utility
in order to validate the stated model. The semantic utility has been created for
supporting the emergency simulation development process on a simulator frame-
work named EscapeSim [12]. The proposed architecture is presented in Fig 1.
The design phase of our architecture includes a modelling domain knowledge
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Fig. 1: Proposed Architecture

process, which is based on ontology called EinSim. This ontology aims to clip all
the phases of simulation emergency process together. EinSim Ontology schema
has been designed to maintain the integrity with semantic trends and standards
to keep the ontology simple and put impact on its usability and easy to appliance
to encourage other developers. For a detailed technical information about the
EinSim Ontology schema please refer to ontology website [13].

3.1 Components

The presented is used as a basis for the the implementation of agents in the
emergency simulation model. The proposed architecture allows users to design,
create and validate emergency simulations and emergency services. The archi-
tecture has three layers: (1) semantic checking and discovery components at the
bottom; (2) a simulation layer; and, (3) a component for deploying emergency
management services.

Semantic checking and discovery components layer The base layer is
composed of set of elements that enable users to use semantic reasoning fea-
tures for checking model consistency, checking model relations and augmented
inferences in the case of Aml services. The core element of this layer is a rea-
soner, which act as an intermediate entity between the domain knowledge and
a machine learning component. Inference feature is provided by using a discov-
ery mechanism which allows systems to infer relations on the knowledge base
and “facts” on a case-based component. One important feature of this layer is
the decoupling level, which able designers and developers to use the semantic
checking and inference component without the need to instance the simulation
component. Thus, it is possible that external platforms or Aml services can use
those features without simulation features.
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Simulation layer This layer is composed of set of the elements that enable
designers to represent some of the most important features and conditions related
to the emergency simulation. In order to define a standard for the definition of
emergency simulation models, this layer has a repository in which are specified
a common-base of emergency simulation models. The aim of this repository is to
define a frame that allows users not to start the emergency simulation process
from scratch. This layer is responsible for offering the API functions from the
frameworks simulators. This layer is replaced with the reality in the final Aml
system deployed. When the the context layer is properly designed, the emergency
management system does not distinguish between the simulation and the reality.

Service component The last layer is the service emergency management com-
ponent, which is responsible for exposing reasoning capabilities and simulation
features functions. This layer includes a context component, whose function is
to identify the context of the external request and provide specific services ac-
cording it. Services have been designed to be consumed by using the RESTFUL
architecture. This approach takes advantage of some principles of multi agent
system paradigm and semantic web by providing a unique resource for every
entity of the simulation model and for every node of the reasoning layer.

4 Implementation

As mentioned above, we have created a semantic utility for evaluating and val-
idating the proposed architecture. We have designed a Java component which
provides an auto-assisted design wizard utility for building emergency simula-
tion scenarios by applying reasoning capabilities for checking model consistency
and checking model relations. The Java component is composed of two modules:
(1) a simulation control module, which is responsible for controlling the verifica-
tion and validation process on simulation and (2) an adaptation module, which
is responsible for checking the consistence of the simulation models. Another
function of adaptation model is to generate the mappings between ontological
concepts and objects from simulator framework. In order to facilitate the simu-
lation design process, a model repository beans have been created. It is basically
a component in which the common-base elements of the simulation process are
stored.

Simulation workflow start by using the models stored on the repository: (1)
user model, (2) environment model and (3) catastrophe model. When users in-
stance the simulation control, it provides a function that enables users to be
assisted for defining the features related to every model. Thus, designers and
developers can create models according to the features that they need to use
from the model beans. As a part of the simulation verification process, a func-
tion is deployed for checking the restrictions and inconsistency on the emergency
simulation models. There is a function responsible for checking the relations and
dependence between the simulation models. This function instances a reason-
ing mechanism in order to advise users for a possible mistakes, dependencies
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and suggestions. Thus, every time users choose elements from the model beans,
a reasoning mechanism is enabled for checking the relations and restrictions.
Proposed simulation workflow has followed some recommendations of managing
distributed process proposed by Alcarria et al [14] and Chung et al [15].

Fig 2 gives an example of OWL class with restrictions. This OWL class is
included in the public ontology given in this paper [13] and can be linked by
the interested reader. Class restrictions are analyzed automatically by a seman-
tic reasoner, such as Jena, when building a disaster model with the JavaBeans
repository. For example, given the restriction started in line 5, instances of this
OWL class (called individuals in OWL) have to include an object property called
hasPhysicalPlace. This properties relate instances of two OWL classes. Thus, if
there is not an environment model previously defined in the simulation, the rea-
soner does not allow the developer to define a specific disaster as an individual
(or instance) of the OWL class described. After defining the property hasPhys-
icalPlace, the reasoner may be used to check that the property is in the correct
domain and range according to the ontology definition and the specific developer
instantiation. Specificity, this property [13] belongs to the EnvironmentModel
domain and its range is PhysicalPlaces. As seen, the use of an ontology and
a semantic reasoner enables developer to follow a methodological order on the
model definitions.

<owl:Class rdlabout="&pgeosim?2; Disaster”™>
<rdfs:label xml:lang="en">Disaster</rdfs:label>
“rdfsisubClassOf rdf:resounrce="kgeosim2 ; Model” /=
<rdfsisubClass(00=

R R

<owl:Restriction>

<owl:ionProperty rdf:iresource="&geosim?2;
hasPhyvsicalPlace™ /=

8 <owlminCardinality rdf:datatype="&xsd;

nonNegativelnteger >l /owlminCardinality>

9 </owl:Restriction>
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Fig.2: OWL Restriction

Once restrictions and relations are checked, the simulation control module
(explained at the beginning of this section) generates the simulation model (see
simulation layer in Fig 1). This model is a file that contains the descriptions
and relations about the users, environments and catastrophe models by means
of RDF triples. RDF statements are generated by applying a set of rules that
execute a mapping process between the values specified by user on the wizard
utility and the ontological model. The next step inside the simulation workflow
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is to check if the simulation model is consistent with the ontology EinSim [13].
Basically, this activity involves analyzing every subject and predicate of the
RDF relations. The aforementioned process is conducted automatically using
the reasoner (Jena API in our case). Once the emergency simulation consistency
is verified, the adaptation module (explained at the beginning of this section)
uses a mapping process to perform the transformation of the ontological classes
instances (defined RDF) into objects (Plain Old Java Object). Finally, simulation
is running according to the EscapeSim [12] framework features.

Currently, UbikSim!, a general AmlI simulator, has been extended to imple-
ment different modules of the framework proposed in the EscapeSim [12] library.
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Fig. 3: Simulation scenario in EscapeSim

5 Conclusion and future works

In this paper, we have presented an architecture for designing and validating
emergency plans by using a novel semantic-based approach. This approach is
based on an ontological domain knowledge that provides reasoning capabilities
for checking models and discovery relations features. By applying this approach,
the experience on the development and design process is enhanced by allowing:
(1) to be assisted step by step with the construction of emergency simulation; (2)
to extend and reuse simulation models concepts (user, environment and emer-
gency) by using portable RDF emergency simulation resources; and, (3) to ex-
tend and reuse simulation components previously implemented which could be
automatically suggested by semantic web technologies.

The paper gives an ontology for this purposes [13] and a partial implemen-
tation of the framework [12]. Although the complete implementation is a future
work, the open and free source of EscapeSim already allows the interested user
to create new environments (walls and rooms may be drawn, and then, the user
can drag and drop other elements, such as sensors, users or furniture) and cre-
ating new user profiles with different emergency plans, Fig 3 shows an example
of emergency simulation scenario on EscapeSim. A video is available on-line?.

! https://github.com/emilioserra/UbikSim/wiki.
2 nttp://goo.gl/IsALQz.
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