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Abstract. This paper describes the development of an ontology for use
in a military simulation system. Within the military, aircraft represent
a significant investment and these valuable assets need to be protected
against various threats. An example of such a threat is shoulder-launched
missiles. Such missiles are portable, easy to use and unfortunately, rela-
tively easy to acquire. In order to counter missile attacks, countermea-
sures are deployed on the aircraft. Such countermeasures are developed,
evaluated and deployed with the assistance of modelling and simulation
systems. One such system is the Optronic Scene Simulator, an engineer-
ing tool that is able to model and evaluate countermeasures in such a way
that the results could be used to make recommendations for successful
deployment and use.

The use of formal ontologies is no longer a foreign concept in the support
of information systems. To assist with the simulations performed in the
Optronic Scene Simulator, an ontology, Simtology, was developed. Sim-
tology supports the system in various ways such as providing a shared
vocabulary, improving the understanding of the concepts in the environ-
ment and adding value by providing functionality that improves integra-
tion between system components.
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1 Introduction

Military forces consider aircraft as important and expensive assets often repre-
senting huge investments. The protection of these assets is considered to be a
priority by most countries. Protection is needed from various threats and one of
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these threats are attacks through enemy missiles such as surface-to-air missiles,
which are relatively cheap and easy to operate, and in addition, widely avail-
able in current and old war-zone areas [1]. These surface-to-air missiles are often
complex and they are continually being updated to withstand aircraft counter-
measures. In addition, missile systems differ from one another and the need to
understand how each type of missile reacts in an aircraft engagement is crucial in
the development of aircraft protection countermeasures[1]. The development of
these countermeasures is often not possible in real-life situations, and modelling
and simulation are therefore necessary for the development of aircraft protection
countermeasures. Figure 1 illustrates a military aircraft ejecting a flare, which
is a specific type of countermeasure used to protect against missile attacks.

Fig. 1. Countermeasures are implemented on aircraft to protect against missile attacks.
Aircraft Ejecting Countermeasures Flares (www.aerospaceweb.org)

Simulation systems model real-world objects and simulate them in an arti-
ficial world [2]. One such a simulation system is the Optronic Scene Simulator
(OSSIM), which has an application called the Countermeasure Simulation Sys-
tem (CmSim). CmSim uses models of real world objects such as the aircraft
and the missile, and simulates different scenarios to evaluate the behaviour of
these models under different circumstances [2]. Often these evaluations require
substantial computing power and it is not uncommon to wait a few hours for
simulation results.

At present, various problems are experienced when constructing the input
models for CmSim simulations. Because models are used as input into CmSim
simulations, it is necessary to ensure that these models are adequate and accurate
for useful simulations. The input model is adequate when it captures sufficient
input variables and context, and a model is accurate when it correctly captures
the input variables and relations. It is for example possible to create input mod-
els that are syntactically correct, but the interaction between the models are not
correctly set up in the simulation and therefore the results have no correlation
with the real world. In addition, different users with various roles work with the
system and it is necessary to acquire a common understanding and vocabulary
for the constructs of the models and their characteristics. Furthermore, the cre-
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ation of reference models for reuse across the user base would ensure better use
of resources and time.

When investigating possible technologies that support modelling within in-
formation systems, ontologies and ontology technologies feature extensively. One
of the original definitions for the term ontology is that by Gruber who defined an
ontology as a formalisation of a shared conceptualisation [3]. A formal concep-
tualisation is a representation in a formal language of the concepts in a specific
domain representing a part of the world. Formal ontologies are therefore on-
tologies constructed using a formal representation language such as Description
Logics (DL) [4]4. Ontology is also used as a technical term denoting an artefact
that is designed for the specific purpose of modelling knowledge about some
domain of interest. Typically a domain ontology provides a shared and common
understanding of the knowledge in the chosen domain [5]. Given the character-
istics and purpose of ontologies, we decided to investigate the use of an ontology
to address the identified needs when constructing CmSim Models.

The remainder of this paper is structured as follow: Section 2 provides some
background of the simulation environment and why it was necessary to build
an ontology, as well as some background on ontologies. Section 3 discusses the
development and nature of Simtology. Sections 4 and 5 discuss the contribution
and conclude the paper in addition to discussing future work, as well as possible
extensions to the ontology.

2 Background

One of the largest investments in the military of a country is aircraft. Aircraft
is the target of unfriendly forces in order to weaken the military forces of a
country. These attacks include attacks executed by shoulder-launched missiles,
which are portable, easy to use and relatively easy to acquire. In order to counter
these missile attacks, the military deploy various kinds of countermeasures on
aircraft, and these countermeasures are developed, evaluated and deployed with
the assistance of modelling and simulation systems such as the Optronic Scene
Simulator (OSSIM).

2.1 The Simulation System Environment

CmSim is a software application that is part of the broader Optronic System
Simulation (OSSIM) system [2]. OSSIM is an engineering tool used to model and
evaluate the imaging and dynamic performance of electro-optical systems under
diverse environmental conditions. OSSIM are typically used for the following
applications:

– Development of optronic systems
– Mission preparation

4 For the remainder of this paper we mean formal ontology when we use the term
ontology
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– Real-time rendering of infra-red and visible scenes

CmSim is specifically designed to do countermeasure evaluation for the pro-
tection of military aircraft. Models of the aircraft, the missile, the countermea-
sure and the environment are used to construct a scenario that simulates what
will happen in the real world [2]. The models are used as input into CmSim, and
it is necessary to carefully construct these models to get accurate simulations
results. The generation of simulation results are complex and time consuming,
and when inaccurate or faulty input models are used, valuable time is lost.

In order to construct better input models, it is necessary to improve the
understanding of the simulation and the meaning of concepts in the simulation
environment. Users of models often does not know what models exist already, to
what level the models were constructed, and the scenarios that might be possible
in the simulation, and knowledge is not shared between different role-players.
The simulation practitioner setting up the simulation scenario might not have
specialist knowledge of how the models interact, and can set up scenarios that
are syntactically correct but do not correlate with the real world scenario. There
is therefore a need to capture the specialised knowledge in reference models that
could be used before the scenario is fed to the simulation. Figure 2 depicts the
different role-players that could be involved in the simulation environment.

Fig. 2. Different Role-players Involved in a Simulation Environment

In order to address the above mentioned needs, we initiated a project based
following the guidelines of design science research (DSR) [6]. DSR provides a
research method for research that is concerned with the design of an artefact
that solves an identified problem. The creation of an ontology based application
was identified as a possible solution to the needs articulated when constructing
OSSIM simulation models. DSR will be described further in Section 3.1. The
next sections briefly introduce background on ontologies in computing.
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2.2 Ontologies and Ontology Tools

The origins of the term ontology could be traced to the philosophers of the
ancient world who analysed objects in the world and study their existence [3].
Modern ontologies use the principles of the ontology of early philosophers [7].
Ontologies formally describe concepts, so it is often used to capture knowledge of
a specific domain. The role of ontologies in a specific domain are thus generally
defined by [5] as to:

– Provide people and agents in a domain with a shared, common understanding
of the information in the domain;

– Enable reuse of domain knowledge;
– Explicitly publish domain assumptions;
– Provide a way to separate domain knowledge from operational knowledge;

and
– Setting a platform for analysis of the domain knowledge.

From the characteristics listed above it is possible to argue that an ontology
may be a solution to the problems experienced in OSSIM simulations. Formal
ontologies are represented in a specific formal knowledge representation language
[4]. For building and maintaining Simtology, we adopted Protégé 4 constructing
an OWL ontology. [8, 9]. Protégé is widely used and support for the use of the
editor and the development of ontologies are readily available [10–12]. Protégé
bundles reasoners such as Fact++ and Pellet with the environment [9, 13] and
we used these reasoners to test for consistency or to compute consequences over
the knowledge base during the development of Simtology [14].

2.3 Ontology Use in Modelling, Simulation and Military Systems

Within computing, modelling and simulation are used to build a representation
of the real world and simulate the behaviour of objects presented in the models
[2]. A simulation system is a specific application that uses a model as input
and execute a computer program that determines consequences and resulting
scenario information about the system being investigated [15].

Military systems and the knowledge captured therein are complex and of-
ten consist of layered information from different sources. To support this view,
Clausewitz, in his book, On War, wrote about military information as follow
[16]:

’...three quarters of the information upon which all actions in War are
based on are lying in a fog of uncertainty...’
’...in war more than any other subject we must begin by looking at the
nature of the whole; for here more than elsewhere the part and the whole
must always be thought of together...’

Furthermore, Mandrick discussed the use of ontologies to model information
in the military environment. According to Mandrick, ontologies in the military
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must adhere to the same requirements as ontologies in other domains, as de-
scribed in Section 2.2. Important aspects to highlight is the ability of the ontology
to provide a common vocabulary between planners, operators and commanders
in the different military communities [16].

At present the adoption of ontologies in the military domain is primarily for
support of command and control in the battlefield, as well as the management of
assets and the sharing of knowledge[11, 17]. We also find ontologies where there is
a need to integrate different data sources and the communication between these
data sources [18, 19]. Although ontologies are used in the military modelling
and simulation domain, examples are sparse and at present do not support the
construction of input models for systems such as OSSIM. It could be argued that
Simtology will therefore present a unique contribution to military information
management.

3 Simtology

The development of Simtology was in response to the identified needs when
using the Optronic Scene Simulator (OSSIM) [2] to develop countermeasures for
missile attacks on aircraft as discussed in Section 2.1.

3.1 The Design and Development Process

The research design adopted for the development of Simtology, was Design Re-
search (DSR). DSR is a research methodology for the design and construction
of computing artefacts through the use of rigour (the use of fundamental knowl-
edge) and relevance (basing the development of the artefact on real needs) [6, 20].
In this project, the artefact is Simtology, the fundamental knowledge is obtained
from ontology knowledge, and the need is the construction of models for the OS-
SIM simulation environment. A DSR execution method that was proposed by
Vaishnavi et al.[21] is depicted on the left in Figure 3. This method was adopted
for this research project, and the development of Simtology is discussed further
according to the steps in Figure 3.

3.2 Awareness and Suggestion

The first steps in the design research process is awareness of the problem and
proposing possible suggestions for a solution. The following list summaries the
issues and needs in the simulation system as discussed in Section 2.1 that created
awareness of the problem:

– Different role-players: There are developers, model builders and users in-
volved in the system. Inconsistencies in the terminology used between dif-
ferent users often led to frustration and wrong use of concepts. There is lack
of a common vocabulary that is shared by everyone involved in building and
using the system.
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– Model complexity: One of the main characteristics is the ability of the system
to execute models at different levels of detail. This poses a problem to users,
when to know at which level of detail a model is implemented at.

– Reference models: Specific users that only interact with the system at a
certain level, need more technical insight into model detail to know what is
available in the system. This means that reference models are required that
can define domain-specific concepts to these users.

– Model Interaction: A simulation consists of a scenario that is built up from
interacting models. The models interact using a set of rules but there is cur-
rently no rules that verify model behaviour when a scenario are constructed.

Previous research efforts in the simulation environment attempted to address
the the need for a standard notation for documentation of the simulation models.
This proved to be problematic and one of the suggestions for further research was
to investigate the use ontologies in the simulation environment. The suggestion
according to the DSR process is therefore that a formal ontology is created to
address the above mentioned needs for the simulation environment.

Fig. 3. The Design Research Process on the left, and the Adaptive Methodology Pro-
cess on the right

3.3 Development

The ontology was build using the approach followed by the researchers who
develop the Adaptive Methodology [22], and was chosen for its lightweight, in-
cremental approach. Figure 3 depicts the development process steps as well as
the alignment with the design process.
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– Scope and Purpose: The first step is to scope the purpose and the ex-
tent of the ontology. In the case of a domain ontology, the concepts of the
domain must be included. It is not necessary to include all the concepts of
the domain. The level of detail will be determined by the purpose of the
ontology.

– The Use of Existing Structures: There are several documents, structures
and sources available in the OSSIM simulation environment available to use
in order to gather information to develop the ontology and to, for example,
make a list of the concepts in the simulation. Modelling reports, installation
guides, white papers and technical documentation, as well as the source
code of the system and the documented test point configurations were used
as input into the ontology development process.

– The Prototype: The prototype structure is the first version of the ontology
that is operational. The prototype for the simulation environment contains
only a selected set of components from the domain. The concepts are on a
high level and the nested structures of complex concepts were not included
in the prototype. The prototype was developed in Protégé and is illustrated
in Figure 4 on the left.
The prototype is a proof-of-concept and in this project it played an impor-
tant role to demonstrate the feasibility of the suggested solution. The pro-
totype ontology supported the role of an ontology in the simulation system
environment, and supported an ontology as a solution to a shared, common
vocabulary. The tools also provided graphical views of the concepts defined
in the ontology.

– Development of the Working Ontology: During this phase the proto-
type ontology was expanded by adding concepts from the domain not previ-
ously included in the ontology, as well as developing new functionality. The
working ontology contains a full set of domain concepts that describe the
simulation models and model properties and is called Simtology. The next
section describes Simtology in more detail, as well as how Simtology is used
in CmSim.

3.4 Description of Simtology

To do a simulation in CmSim, a scenario must be set up to act as input to
the simulation. The scenario consists of various configuration files but the main
file is the scenario file itself, which contains links to all other files necessary to
describe a scenario and the components in it. Although the prototype already
contained enough information to set up basic scenarios, Simtology contains all
the concepts in the domain of CmSim.

The first task was thus to expand the prototype to present not only the
basic objects, but all the possible objects in the CmSim domain. The classes
and properties were expanded. The following list describes the concepts and
properties defined in Simtology.

– Concepts: In Simtology, an example of a concept representing all the indi-
vidual aircrafts modelled in the simulation environment, is Aircraft. Figure
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Fig. 4. Concepts from the prototype ontology on the left, and concepts in the final
version of Simtology on the right

4 depicts an extract of the top-level concepts defined in Simtology, where the
concepts were selected to present those in a simulation scenario. The main
concepts in Simtology are the Moving, Observer and Scenario concepts. The
choice of concepts relied heavily on the structure of the simulation configu-
ration files. Therefore objects of type Moving have specific behaviour in the
simulation and belong together in a concept.

– Individuals: Individuals are asserted to be instances of specific concepts.
Specific scenarios can be build by choosing individuals from the ontology
and thus creating an individual scenario.
ScenarioC130 is an individual of the Scenario concept that uses a specific
type of aircraft.

– Object Properties: Object properties are used to link individuals to each
other. In Simtology, a scenario must have a clock object, so having a clock
object is an object property of the scenario concept. The name of the prop-
erty is “hasClock“ and links an individual of class Clock to an individual
from class Scenario.

In Simtology the main object properties belong to a scenario. The following
properties are sufficient to denote a valid scenario that can run in a simula-
tion: ScenarioC130 hasClock Clock10ms

ScenarioC130 hasTerrain TerrainBeachFynbos

ScenarioC130 hasMoving C130Flying120knots

ScenarioC130 hasObserver SAMTypeA
ScenarioC130 hasAtmosphere MidLatitudeSummer
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– Data Properties: Data properties were added to Simtology to add data to
individuals. Examples of data properties are geometric locations of moving
objects, or data belonging to the class Clock, as depicted below:
Clock10ms hasInterval 10ms and Clock10ms hasStopTime 10sec

Functionality: A scenario can be complex and rules were built in to ensure that
a valid scenario is constructed, for instance only certain types of flares can be
used as a valid countermeasure on a specific aircraft. After building the scenario
in the ontology, the scenario can be processed by a reasoner. The reasoners are
used to compute the inferred ontology class hierarchy and to do consistency
checking after a scenario is created.

Additional functionalities were developed for use with Simtology such as the
integration of the ontology with the graphical user interface (GUI) used to set
up the simulation. The ontology is used to populate the elements in the inter-
face, resulting in several advantages such as that only one source of simulation
information has to be maintained, as well as that the ontology can be used to
change the language displayed in the GUI .

Functionalities were also developed to write out scenarios created in the
ontology to files that can act as input to the simulation. This made it possible
that a scenario can first be checked for logical correctness before it is run in
the simulation. Modelling errors not handled by the simulation software are
handled early in the simulation process by using the reasoning technology in the
ontology. By having a scenario defined in the ontology, it is possible to export a
high-level description of a scenario and its components to be used for reporting
and documentation of simulation studies.

Testing of Simtology Testing the ontology was an important step towards
creating a useful Simtology. When an ontology is small with a few concepts, it
is easier to identify modelling problems but when there are large numbers of
concepts with complex relationships, it is important to test the ontology regu-
larly in order to avoid inconsistencies immediately and eliminate rework. During
ontology verification the focus was mainly to ensure that the ontology was built
correctly and that the ontology concepts match the domain it represents. The
test phase of the ontology is part of the adaptive methodology process and this
phase complements the evaluation phase of the design research process.

4 Evaluation

In Section 3.2, the simulation system environment was discussed. In order to
evaluate the use of Simtology in the simulation system and the contribution it
has for the improvement of the environment, the issues mentioned in Section
3.2 are used as evaluation criteria. The identified issues are 1) different users; 2)
model complexity; 3) reference models; and 4) model interaction. When evalu-
ated against the identified issues, Simtology provided the necessary solutions.
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– Different users: Simtology provided a common, shared ’language’ to as-
sist with eliminating ambiguities and the inconsistent use of terminology by
the different users of the system. The feedback by all concerned users was
positive. An example of how Simtology assisted with regards to a common
understanding is in the use of ambiguous terms. Some terms in the simulation
had different meanings depending on the user using it and the application
it was used for. An example of such a term is countermeasure, which was
vague and previously many different types of countermeasures existed. In
Simtology the concept Countermeasure was defined in such a way that it
can be used as an explanatory tool to illustrate the different countermeasures
available in the simulation as well as the use of each countermeasure.

The Protégé editor allows for several ways to communicate the ontology, for
example a graphical display of the concepts and the relations in the ontology
A visual display of the different components in the simulation leads to better
communication between all the people involved.

– Model complexity: Simtology formally defined the concepts, properties
and individuals necessary for the construction of input models. When a user
uses Simtology to construct her input model, the appropriate level of detail
and complexity of the input models are specified.

– Reference models: Simtology provides a reference model for all the dif-
ferent users of the system to create their specific input models from. After
introducing Simtology, very few problems were experienced by users when
constructing simulation models because Simtology acted as a reference model
informed their specific model design.

– Model Interaction: A simulation consists of a scenario that is build up
from interacting models. Simtology provides a common shared language to
be used in the simulation environment for both users and when interacting
with other applications. The definitions of concepts in the system are kept
in Simtology and made available to applications in the environment such as
the Graphical User Interface.

As a final evaluation, the guidelines proposed by Hevner et al. [6] for a design
research artefact were used to evaluate and present the research process
followed to develop Simtology. This discussion is outside the scope of this
paper but it was demonstrated that the construction of Simtology followed
the proposed guidelines.

5 Conclusion and Future Work

The outcome of the research project was Simtology, a domain ontology for the
simulation environment that contains the model information for simulation sce-
narios. An added benefit was that the process to analyse the contents of the
simulation environment to construct the ontology clarified the knowledge in the
domain.

During the construction of Simtology, the following observations were made:
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– With regards to modelling, it is important to distinguish part-of from subclass-
of. An aircraft body is part of an aircraft, not part of a specific type of
aircraft.

– It is important to correctly model roles. Modelling a missile as an observer
in the simulation means that it can never be used in the simulation as an
object of type moving. In Simtology, a missile can therefore never be used in
a different role.

– Another important modelling decision has to do with the modelling of indi-
viduals vs. concepts. This decision has an impact on how the ontology could
ultimately be used. The choice between concept and individual is often con-
textual and application-dependent but it needs to be evaluated in one of the
development cycles.

– The development and use of the ontology should be an iterative process. As
new functionality is added, it must be tested, used and evaluated. Exist-
ing functionality is maintained by making changes where necessary. Proper
version control is therefore also necessary when constructing ontologies.

Several advantages of having an ontology in the simulation environment
emerged after the ontology was created. The ontology can, for instance, be used
in training exercises to show aircraft personnel the technical detail of the coun-
termeasures deployed on the aircraft. Furthermore, the simulation environment
is always expanding and improving through the addition of new models, the ad-
dition of new properties to existing entities in the system or through the addition
of new functionality to entities. Future versions of the ontology need to incor-
porate these changes and there should therefore always be future expansions to
the Simtology ontology. Furthermore, Simtology should ideally be expanded to
not only include concepts in CmSim, but also in the Optronic Scene Simulator.
One of the planned functions to be developed is to reverse engineer previously
run simulations and add the scenario descriptions of those simulations to the
ontology.
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