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Abstract

There are numerous attempts to assess emergency plans by simulations, and excellent contributions
have been proposed. 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. However, there is no “most complete” tool, and most of the time, it is not possi-
ble to reuse and combine components of different frameworks. As a result, without a true interest
in sharing and interconnecting works, researchers in this domain are constantly damned to reinvent
the wheel. To improve this situation, this paper proposes a general model for designing emergency
management services in indoor environments. The core of this model is EinSim, an ontology which
gathers the most relevant concepts for the design of these services and which, in the spirit of the
Liked Data methods, links a number of external and well-referenced data. The paper supports the
hypothesis that semantic web technologies are a powerful tool to reuse, extend, and combine differ-
ent simulation components. Moreover, the use of semantic reasoners allows providing developers
with automatic verification in the emergency management service development.

Keywords: Service Creation Strategies, Emergency Plans, Ambient Intelligence Simulation, Agent-
based Social Simulation, Ontology

1 Introduction

Ambient intelligence (AmI) is a paradigm in the information technology which represents a user-centric
methodology for sensing, prototyping and validating complex solutions in evolving real life context
[49]. AmI focuses on adapting to people’s needs and particular situations through a digital environment
composed of domotic devices and embedded interfaces [43]. AmI enables people to be assisted with
intelligent and intuitive features on complex real life scenarios. One of the most promising areas for AmI
is to provide coordination mechanisms in emergency situations. AmI enables emergency committees to
improve the collaboration and coordination strategies of emergency plans, since it provides features for
adapting and assisting people in emergency situations by means of interoperability mechanisms between
devices and specialized emergency components.

Living labs (LL) comes a crucial approach to evaluate and validate AmI systems. A living lab is
an space for experimentation and creation of AmI applications with real users in imitated real environ-
ments [17]. The benefits of using LL for validating emergency plans based on AmI approach are very
valuable. LL enable users to make more-strategic decisions during an emergency situation since it uses
context-aware capabilities for identifying contextual complex attributes and describing the interaction
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between people and domotic devices. Although the use of living labs is always desirable, they have the
same problems as drills [42]. They do not provide mechanisms to reproduce social and physiological
behaviours, as well as, they not include a complete specification of some emergency components such
as disaster conditions (fire spread, fire intensity, fire spread, etcetera).

Agent Based Social Simulation (ABSS) has become a useful approach for modelling many natural
and human systems that include social features [19]. ABSSs have allowed emergency experts and re-
searchers to improve the performance and efficiency of emergency plans since it is possible to model
artificial emergency environments populated with multiples autonomous simulated entities, which carry
out a set of operations on behalf of people, devices and different emergency components. Such entities
act autonomously by employing some emergency knowledge or representation of its goals. By using
ABSS it has been possible to: (1) reduce cost of deploying emergency plans; (2) control variable and
parameters related to emergent conditions; (3) control the emergency experiment time, and (4) char-
acterize human behaviours and its social interactions. Currently, emergency ABSS models are usually
complex and hard to completely understand. Many of them are designed for representing specific emer-
gency scenarios, which can not be extended or adapted to other cases. There is a lack of standard explicit
emergency content for enabling interoperable and reusable emergency simulation models.

The use of an ontology driven simulation approach (ODS) is a useful approach for contributing to
solve the current ad-hoc restrictions and subjective interpretations in the emergency simulation process.
The inclusion of a formal agreed emergency definitions enable emergency designers to use a common
standardized set of agreed concepts for extending, adapting and improving emergency features and func-
tions from different emergency systems and components. Moreover, it provides the basis for building
interoperable emergency simulated models. ODS enables simulation systems to be connected with spe-
cialized external emergency systems and different simulation components. Furthermore, ODS provides
the basis for an automated adaptation and extension of structural changes on the simulation models. In
order to provide an ontology driven simulation approach which contributes to improve the aforemen-
tioned shortcomings, a semantic emergency model has been proposed. Basically, we have created a
model that allow users the implementation of semantic features in emergency simulation models.

Our model has been defined as a subsystem on top of the semantic architecture framework proposed
by Serrano et al. [44]. 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. Moreover, this work presents an extension of Poveda
et al. workshop paper [33] with, among others, a more detailed related works revision, and a further
ontology explanation and a case study.

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 ABSS frameworks and
emergency domain simulator framework. Section 3 introduces the proposed design model by describing
the most important components. Next, section 4 introduces the knowledge base and the EinSim ontology,
which is the core of the design model presented. Section 5 illustrates the advantages of the contribution
presented by a case study. Finally, section 6 concludes and gives possible future research directions.

2 Related works

This section describes a number of possible frameworks to evaluate emergency plans using simulations
in four main categories: ABSS frameworks, game engines, emergency domain simulators and AmI
simulators.

An interesting wiki [1] on platform comparisons presents the large number of frameworks available
for general ABSS. This wiki currently lists 81 frameworks with information that is important for the
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purpose of this paper, such as the license. To the best of the authors’ knowledge, none of these simu-
lators gives abstract mechanisms for simulating emergency plans. In general, the most popular ABSS
frameworks, such as NetLogo [6], MASON [47] and Repast [14], do not offer tools to build a realistic
environment model with the capacity to perform emergency-plan evaluations. Nevertheless, these plat-
forms can supply interesting support for developing more abstract resources. In this vein, Dawson et
al.[16] use NetLogo to study emergency plans for flood incidents.

The use of general game engines is also very common when there is a need for modelling a real
environment with agents moving through it. This is an essential requirement for emergency simulators,
which is usually solved in these platforms, every time better and more automatically, by using navigation
meshes and pathfinding methods. Barbosa et al. [23] propose the use of virtual simulation to evaluate
emergency operating procedures in the nuclear industry through reusing a game engine platform. In
this work, the real environment may be virtually modelled, and people are able to virtually navigate and
interact with each other. Szymanezyk et al. [15] adapt popular video-game technology for an agent-based
crowd simulation framework in an airport terminal. There is a wiki [3] that details the main properties
of a large number of these engines. Strangely enough, this wiki also lists exactly 81 game engines, the
same number of ABSS frameworks mentioned above. Some of the most popular engines are Unity [9]
(proprietary and written in C++), GamePlay3D [4] (under the Apache license and written in C++) and
JMonkey [5] (under the BSD license and written in Java). Although these engines are incredibly useful
for our goal, they lack important elements, such as a model of simulated sensors or abstract behaviours
for the users modelled. Some works overcome these limitation by considering real users as players to
study their response in a simulated emergency [40]. Moreover, the parametrization of simulations built
by these engines is still complex; thus, they are only employed for closed simulations, i.e., those in which
changing the scenario or the elements requires rebuilding the engine.

A number of domain-specific simulators address the emergency domain in indoor environments [26].
Some examples are EVACNET4 [20], WAYOUT [45], STEPS [55] and SimWalk [41]. These works give
excellent tools to model emergencies, but: (1) they do not contemplate the inclusion of AmI features
to assess an intelligent plan, such as a sensor model and actuators to guide users intelligently; (2) they
tend to ignore the multi-agent paradigm, which, as stated in the Introduction, is an intuitive manner of
studying complex adaptive systems; and, more importantly; (3) the code is often not available, and thus,
researchers cannot extend, reuse or simply learn from it.

Campillo-Sanchez et al. [13] review six different simulators devoted to evaluating general AmI
systems, including UbiWise [10], TATUS [32] and UbiReal [31]. Although they enable developers to
design realistic environments, the user role has to be played by a real user interacting with the simu-
lator. Therefore, it is not possible to conduct batches of experiments to obtain statistically significant
results. Moreover, the authors do not give the source code, thereby hindering researchers from reusing
modules of these works. This is also the case of the simulators proposed by Tang et al. [48] and
Diewald et al. [18], which, although they are significant contributions for the AmI field, do not pro-
vide researchers with open implementations. Hence, to the best of the authors’ knowledge, there is no
open simulator that focuses on AmI general evaluation besides the one extended, released and presented
in this paper.

These works demonstrate that there are numerous attempts to assess emergency plans by simulations,
and excellent contributions have been proposed. However, there is no “most complete” tool, and most of
the time, it is not possible to reuse and combine components of different frameworks. Further evidence
of this can be found by consulting the EU Research Projects on the CORDIS (Community Research
and Development Information Service) website [2], where a search with the keywords “emergency” and
“simulation” returns over 8,000 results of funded projects. As a result, without a true interest in sharing
and interconnecting works, researchers in this domain are constantly damned to reinvent the wheel.
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Figure 1: Proposed design model.

3 Design model for ontology driven social simulations

In an attempt to narrow down the aforementioned shortcomings, we have designed 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
framework named EscapeSim [22]. The proposed design model is presented in figure 1. The basis of
the stated design model includes a modelling knowledge process, which is based on an ontology called
EinSim, which is given with this paper.

The presented design model allows the implementation of agents in the emergency simulation model
for creating and validating emergency simulations as well as emergency services. The design model has
three main layers: (1) semantic layer at the bottom; (2) a simulation layer; and, (3) a component for
deploying emergency management services. These layers are explained in the following sections.

3.1 Semantic layer

This layer is responsible for providing semantic features on the proposed architecture. The core element
of this layer is an ontological emergency model which enables reasoning and machine learning features.
Machine learning component is responsible for providing learning algorithms for training emergency
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information collected from the simulation layer, which is explained below. Reasoner component is re-
sponsible for providing reasoning and inference mechanisms for checking consistency, relations and
augmented inferences on emergency models. This layer enables designers and developers to use emer-
gency semantic models without the need to use features from the simulation component. This is because
it is based on the broker pattern [54]. Thus, external specialized systems or AmI services can use those
features without instance the simulator layer.

3.2 Simulation layer

This layer is responsible for providing the components and elements for creating simulated emergency
scenarios as well as for providing mechanisms for controlling and adapting semantic features on the
emergency agent model. This layer is composed of a emergency simulation bean model (ESBM), a
simulation control component (SC) and adaptation model (AM). ESBM component is responsible for
providing an emergency component bean model repository, which enables users to reuse emergency
software emergency definitions without start from scratch. Simulation control is the core element of the
simulation layer. It is a component whose function is to provide mechanisms for defining the simulated
emergency models as semantic metadata. That is, it provides a function for including semantic repre-
sentations into the the emergency simulation bean model. Adaptation model is responsible for providing
mechanisms to map the emergency semantic meta-data to the agent code.

3.3 Service component

The last layer is the service emergency management component, which is responsible for exposing emer-
gency semantic capabilities and simulation features as a service. The layer includes a context component,
whose function is to identify the context of the external requests and provides specific services according
it. When the context layer is properly designed, the emergency management system does not distinguish
between the simulation and the reality. Services have been designed to be consumed by using the REST-
FUL architecture [39]. Every simulated entity and concepts from the ontological model are described by
using a unique URI resource.

4 Knowledge base: Einsim Ontology

As instantiation of proposed semantic component, which was explained in section 3.1, we have created
an ontology which attempts to cover some of the most important concepts around the emergency simula-
tion process. Design and modelling phases of our ontology have followed the guidelines and procedures
of a certain number of sources and guides, among those: (1) the analysis of related works to life cycle
of simulation emergencies [34]; (2) analysis of commercial and academic emergency simulators frame-
works such as UbikSim [12], Drillsim [30], Evacnet [51] and Simwalk [53]; and, (3) Analysis from
related emergency ontologies such as: Ontology Fire [46], Dires Ontology [27] and Semantic Sensor
Network [24]. As a result of aforementioned process, it has been possible to define an ontology emer-
gency scheme for indoor evacuations. This ontology is called EinSim and is available on-line [21]. This
ontology aims to clip all the phases of simulation emergency process together. EinSim ontology has been
designed to maintain the integrity with semantic trends and standards to keep the ontology simple and
put impact on its usability. This section details the ontology and its use.

Implementation of the proposed ontology have included achievements of technologies such as Web
Ontology Language (OWL) [7] and Resource Description Framework Schema (RDF) [8]. The use of
OWL for representing emergency knowledge model is an appropriated approach to handle concepts and
methods in a formal and standardised way. By using OWL’s logical base it is possible to use a set of
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Subject Area Ontology Name Representation Language Downloadable Documentation
Disaster Dires OWL Yes [34]
Disaster HXL RDF Yes [35]
Disaster Ecology-Fire OWL Yes [36]

Infrastructure SNS OWL Yes [38]
People SocOntPersons OWL N/A [11]
Egress Dmuser OWL N/A [29]

Table 1: Ontology name spaces used for EinSim ontology.

useful features for the simulated design process. Among those, reasoning techniques can be applied to
check the models consistency (check integrity and ensuring an unambiguous and consistent knowledge
representation) as well as to perform knowledge deduction.

4.1 EinSim namespaces

As mentioned above, the core of the design model is an ontology which provides developers with a
knowledge base for developing emergency management services. We have modelled an entire emergency
scheme with a single name space (EinSim) and we have gradually started introducing other emergency
related concepts by using external namespaces. The ontology design process has adopted an approach in
which specifications of generic emergency concepts are defined by using the EinSim namespace. Special-
ized indoor emergency features are included by using namespaces from different specialized emergency
knowledge representations. Table 1 shows some of the most important ontology namespaces used in the
proposed ontological emergency model. The use of external namespaces has been focused mainly on the
use of the specialized concepts, which are related to: (1) user characterization, (2) egress strategies and,
(3) physical environment characterizations.

• User profile and role characterization: Some of the most important physiological response and
emergency human behaviours in indoor spaces have been included. We intend to include some of
the most relevant human behaviours features around the simulated emergency life cycle. Those
features include some interesting descriptions such as: (1) role (emergency leader, coordinator,
evacuee); (2) profile (disabled people, adult and child); as well as panic, stress, confusion and calm
features. By including those features, it is possible to represent the dynamics of human behaviour
and the way in which it could be affected by the environment and context. For including the stated
human behaviours and physiological features we have used the SocOntPersons namespace [11].

• Egress strategy characterization: We have included some of the most important egress strategies
used by people during emergency situations in indoor spaces. We intend to include the most
relevant concepts for adapting egress strategies features around the simulated emergency life cycle.
Those features include some interesting definitions about egress algorithms such as: (1) shortest
path, (2) follow the leader, (3) follow indications, and, (4) emergency adaptive. By including this
kind of concepts, we intend to improve the reliability of egress strategies in simulated emergency
plan, since it is possible to include elements and components for adapting the egress strategies
according to different emergency conditions and user profile features. Moreover, egress strategies
can be adapted according to the evolution of different simulated disaster “events” such as fire and
congestion. For including the stated egress strategy features we have used the Dmuser namespace
[29].
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Figure 2: EinSim Ontology class design overview (also available on-line at http://goo.gl/ClTF74).

• Physical environment characterization: We have included some of the most important descrip-
tions about physical infrastructure and environmental conditions in emergency situations in indoor
spaces. By considering physical descriptions, we intend to include some useful features related
to space navigability. Descriptions about indoor space navigation must support the creation of
more consistent emergency plans, since it is possible to involve infrastructure components and its
descriptions inside the egress algorithm definitions. By including environmental conditions de-
scriptions it could be possible to deploy egress strategies based on the information provided by
domotic devices such as sensors and actuators. For including the physical environment features
we have used two namespaces: SNS [38] and Ecology-Fire [36].

Thus, we have included some important namespaces for building the basis of a “standardized”, “spe-
cialized”, “stable” and “connected” emergency model. By including such namespaces, we intend to offer
an emergency model able not only to include knowledge and cognition features, but also, able to offer a
set of descriptions to establish the interoperability between simulation models and specialized external
heterogeneous emergency systems.

4.2 EinSim classes

As we mentioned before, EinSim ontology describes some of the most important concepts around the
simulated emergency life cycle, in particular concepts for the creation and validation of adaptable emer-
gency plans in indoor spaces. By following the principles of Gruber et al. [25], it was possible to identify
the basis of the current ontological emergency model. EinSim ontology offers a model in which context
conditions, user profiles and navigation features are included as basis elements of adaptable emergency
plans. Currently, EinSim ontology has defined thirty three high hierarchy classes and ninety three low
hierarchy classes. Figure 2 shows a partial view of classes, attributes and relations from the current
emergency model definition. Below, we will introduce some of the most important ontological emer-
gency concepts.

• Environmental Model: It represents the physical environment of simulation and its features. This
class enables users to model the space in which agents and other simulated entities such as sen-
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sors and actuators are deployed. The environmental model involves an infrastructure composed
of “PhysicalPlace” (rooms, stairs, halls, etcetera) and “EnvironmentalCondition” (pressure, noise,
humidity, temperature). In order to support the adoption of smart egress strategies, a set of special
subclasses have been included in the environmental model. Among those, a set of descriptions
related to physical infrastructure and its components, as well as the navigability descriptions. En-
vironment class also includes subclasses for characterizing the different domotic devices involved
in emergency situations (sensors and actuators) as well as its corresponding measurement proper-
ties (sensitivity, precision, accuracy, etcetera). Domotic devices have been included by using the
SNS namespace [38].

• Disaster Model: It represents the disaster model of simulation and its features. This class enables
users to represent different disaster emergency conditions such as: fire, congestion and its rela-
tion with the user and environmental model. Fire features represent the main concept around the
simulated disaster model. However, another interesting emergency descriptions such as collapse,
congestion and gas leak are included in the ontological model This model involves a set of de-
scriptions related to fire features, such as: fire spread, fire intensity, fire speed, and fire severity.
The relation between the disaster model and environmental model has been reached by using the
“agentFire” class. This concept allows the disaster model to connect the fire features with the sen-
sors and actuators capabilities. Fire features have been included by using two namespaces: Dires
[34] and Ecology-Fire [36].

• User Model: It represents the user model of simulation and its features. This class enables users
to represent different user emergency behaviours descriptions such as: role, profile, user egress
strategy and, physiological behaviours through the “People” and “Adaptive” classes. The relation
between disaster model, environmental model and user model has been reached by using the “Con-
trol” class, as explained below. People features have been included by using the SocOntPersons
name space [11].

• Simulation Control: The proposed ontology also includes a simulation control class, which enables
users to model the classes for enabling the integration, interoperability and knowledge sharing be-
tween different emergency components. This class is responsible for enabling the interoperability
between all simulated models (disaster model, environmental model and user model) and spe-
cialized external heterogeneous emergency systems. This concept provides a set of subclasses for
standardizing the interchange of message between external systems and the ontological emergency
model.

4.3 EinSim properties

In order to establish the relation between the different emergency concepts defined in section 4.2, we have
defined a set of object properties [37]. Figure 3 shows some of the most important proposed relations.
Relations have been categorized according to emergency model definitions explained in section 4.2.

4.3.1 Environmental Model

• hasEnvironmentalCondition: This property relates a “PhysicalPlace” instance (lift, hall, room)
with a set of environmental conditions such as: noise, temperature, humidity and pressure. It is
not a functional property since a physical space can be involved in different conditions at the same
time. This property involves an inverse and transitive object restriction relation, which means a
“Sensing” concept can only be instanced if there are environmental conditions.
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Figure 3: EinSim Object properties design overview (also available on-line at http://goo.gl/76jtEm).

• hasPhysicalPlace: This property relates an “EnvironmentalModel” instance with the different
“PhysicalPlace” concepts such as: room, lift and stairs. This relation is a functional property
since a “PhysicalPlace” class can only represent an element at the time. In other words, a space
does not involve two places at the same time. This object property involves three external ob-
ject properties as restrictions: hasInfrastructure, hasNavigability and hasInfrastructure. The use of
this object property intents to create an order around the “EnvironmentalModel” definition, since a
“PhysicalPlace” description is successfully instanced when infrastructure and navigability features
are previously created.

4.3.2 User Model

• hasRole: This property relates a “People” instance with the different activities made by users over
the simulation process (leader, evacuee, coordinator). This object property can be successfully
used when two conditions are satisfied as restrictions: “hasDisaster” and “roleInvolvesProfile”.
That is, people would have a role when disaster and profile instances have been previously defined
for the simulation process.

• hasEgressStrategy: This property relates a “People” instance with the different egress strate-
gies used by people during an emergency situation (follow leader, shortest path, predefine route,
etcetera). This property is not considered a functional property since it involves the aforemen-
tioned ”Adaptive” class for using different egress strategies over the simulation runtime. In other
words, it is possible to instance two egress strategies at the same time. For instance, simulated
people can become affected by the “FollowtheLeader” and “ShortestPath” strategy at the same
time. This object property can be successfully used when the “hasDisaster” condition is satisfied.

• hasProfile: This property relates a “People” instance with the different physical and psychological
profile descriptions (panic, calm, streets, child, adult). This relation is not considered a functional
property since it is possible to assign different profiles for the simulated people over the simulation
runtime: child with streets, adult with panic, adult calm are some examples. This object property
can be successfully used when the “hasDisaster” condition is satisfied.

4.3.3 Disaster Model

• hasFireFeatures: This property relates a “Fire” instance with the different fire features descriptions
(fire spread, fire severity, fire intensity, fire speed). This relation is not considered a functional
property since a “Fire” instance involves different fire features at the same time. This object
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1 <o w l : R e s t r i c t i o n >
2 <o w l : o n P r o p e r t y r d f : r e s o u r c e = ’ ( s o m e p r o p e r t y ) ’ />
3 ( one v a l u e o r c a r d i n a l i t y c o n s t r a i n t s )
4 < / o w l : R e s t r i c t i o n >

Figure 4: Generic form of restrictions.

property can be successfully used when the “IgnitionProbabilityFactor” condition is satisfied. That
is, a “Fire” class can be instanced only if there is a ‘IgnitionProbabilityFactor” instantiation.

4.4 Properties restrictions

A property restriction is a special kind of class description which describes an anonymous class of all
individuals that satisfy a restriction [28]. OWL distinguishes two kinds of property restrictions: value
constraints and cardinality constraints. A value constraint puts constraints on the range of the property
when applied to this particular class description. A cardinality constraint puts constraints on the number
of values a property can take, in the context of this particular class description. Property restrictions have
the form shown in figure 4.

One of the most important reasons to use property restrictions in emergency models, is because it
makes possible to support the validation and checking of restrictions and dependences between concepts
and objects properties. The use of property restrictions able mechanisms for assisting emergency users
over the different phases of the simulated emergency process. Property restrictions aim to minimize the
definition of “unwell-formed ” simulated emergency models, since they allow users to include all possible
conceptual basis for running efficient simulated emergency models. In our research, two approaches for
evaluating restrictions has been included: over simulation runtime (OSR) and before simulation runtime
(BSR). OSR approach uses property restrictions as a part of a process that analyse the simulation state of
elements over the simulation runtime. In order to show how the properties restrictions can be involved
over the emergency simulation process, below, an emergency restriction is explained.

Figure 5 shows how a property restriction is involved for applying a special order over the emergency
simulation design process. By using the “owl:onProperty” restriction, the owl:Restriction specifies a
“dependence” with an object property called “hasUser”. This restriction means before instantiating the
“UserModel” class, it is necessary to define the elements and components of the simulated physical space
“PhysicalPlace”.

5 EinSim and EscapeSim use

In order to show how the stated ontological emergency model and property restrictions can be used
for supporting the design and implementation of simulated emergency plans, a software utility has been
designed and implemented. This software provides an utility for guiding users over the simulation design
process. It is a component belonging to the simulation layer, which was explained in section 3. This
component uses the Jena API [52] for invoking reasoning and inference features from the semantic layer
explained in section 3.1. The proposed utility is a wizard which enables users to be assisted step by
step over the different phases of the simulated emergency process. It allows users to avoid the design of
uncompleted and incoherent simulated emergency models, since it forces users to follow an order based
on the ontological properties restrictions explained in section 4.4. Thus, users can get valuable features
from the simulated emergency process since they can generate more “stable” and “coherent” simulated
emergency models.
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1
2 <o w l : C l a s s r d f : a b o u t =”&e i n s i m ; UserModel ”>
3 < r d f s : l a b e l xml: lang =” en ”>UserModel< / r d f s : l a b e l>
4 < r d f s : s u b C l a s s O f r d f : r e s o u r c e =”&e i n s i m ; Model ” />
5 < r d f s : s u b C l a s s O f>
6 <o w l : R e s t r i c t i o n>
7 <o w l : o n P r o p e r t y r d f : r e s o u r c e =”&e i n s i m ; hasUse r ” />
8 <o w l : m i n C a r d i n a l i t y r d f : d a t a t y p e =”&xsd ; n o n N e g a t i v e I n t e g e r ”>

3< / o w l : m i n C a r d i n a l i t y>
9 < / o w l : R e s t r i c t i o n>

10 < / r d f s : s u b C l a s s O f>
11 < r d f s : s u b C l a s s O f>
12 <o w l : R e s t r i c t i o n>
13 <o w l : o n P r o p e r t y r d f : r e s o u r c e =”&e i n s i m ; h a s P h y s i c a l P l a c e ” />
14 <o w l : m i n C a r d i n a l i t y r d f : d a t a t y p e =”&xsd ; n o n N e g a t i v e I n t e g e r ”>

1< / o w l : m i n C a r d i n a l i t y>
15 < / o w l : R e s t r i c t i o n>
16 < / r d f s : s u b C l a s s O f>
17 < r d f s : i s D e f i n e d B y r d f : d a t a t y p e =”&xsd ; s t r i n g ”>h t t p : / / minsky . g s i . d i t .

upm . es / ˜ gpoveda / e i n s i m / 0 . 1 . 5 / e i n s i m . owl#< / r d f s : i s D e f i n e d B y>
18 <r d f s : c o m m e n t xml: lang =” en ”>An i n s t a n c e o f t h i s c l a s s e n a b l e s u s e r

f e a t u r e s .< / r d f s : c o m m e n t>
19 < / o w l : C l a s s>

Figure 5: User model restriction.

Figure 6: Wizard user restriction (also available on-line at http://goo.gl/YtjcOf).

Just for showing how the proposed wizard utility uses the semantic mechanism explained in section
3.1, let us consider the case in which a user decides to instance the “UserModel”. When user chooses
this option, there is a mechanism which identifies and validates the consistence of the instanced classes
as well as its relations. The proposed semantic utility finds there are a set of dependences between
the “UserModel” and the “EnvironmentalModel”. In particular, there is a restriction which means be-
fore defining the “UserModel” it is necessary to specify the elements and components of the simulated
physical space. Figure 6 shows an example in which user is redirected to use the “create / modify the
environment model” option.

As mentioned in section 4.4, property restrictions can be used for validating and checking restric-
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Figure 7: Wizard sensor coherence fault (also available on-line at http://goo.gl/A4NOIa).

tions over the simulation runtime. To show how restrictions can contribute to support the evaluation
of coherence faults 1, let us consider the case in which a user is specifying the features related to the
“EnvironmentalModel”, particularly, by defining the number of sensors in the simulated scenario. By
using a set of rules based on the Jena API [52], the proposed semantic utility is able to check the defined
emergency model restrictions and dependences. Thus, just in the case in which user is specifying the
number of sensors to be involved, the wizard utility suggests the user to specific a sensor number value
between 6 and 7. This is because there is a rule which tries to check the consistency of object properties
related to the environmental model definition. This rule involves two important features. One of them is
responsible for verifying the object property restrictions. In this case, there is a restriction which means
before creating the number of actuators, it is necessary to create the sensors. Another one refers to emer-
gent concepts, there is a rule in which percentage of actuators will not be greater than 65% of created
sensors. Figure 7 shows a case study where the Jena API was combined with EscapeSim. Figure 8 shows
the environment simulated for a floor of the Research Centre for Smart Buildings and Energy Efficiency
(CeDInt) [50].

6 Conclusion and future works

In this paper, we have presented an architecture for designing and validating emergency plans by us-
ing a novel semantic-based approach. This approach is based on an ontological domain knowledge
which lays foundations for knowledge management based on simulated emergency scenarios in indoor
spaces. Modelling and definitions of the proposed ontological model not only provide a vocabulary for
avoiding the use of ambiguous interpretations of terms in the simulated emergency domain, but also,
enable mechanisms for supporting the validation and checking of restrictions and dependences between
concepts and its relations. Moreover, ontological model provides mechanisms for enabling the interoper-
ability between simulated models and specialized external heterogeneous emergency systems. 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 creating new user profiles with
different emergency plans. In terms of future work, we plan to experiment with interlinking ontological

1refers to a process for validating emergency restrictions
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Figure 8: Simulation scenario in EscapeSim.

emergency data with other specialized systems and research on possibilities of using the model defined
in section 3.3 for providing a checking and validation service.
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