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SUMMARY

SUMMARY

Military Operations in Urban Terrain (MOUT) is the term used to
describe any type of military action where battles take place in an
environment where man-made construction or high population density
is the dominant feature, such as a city or town. This type of fighting
requires strategies that differ immensely from fighting on other types
of terrain, such as large deserts or jungles.
Modern military forces exploit simulation technology to extend their
capabilities for MOUT training and decision analysis. Although there are
considerable efforts and time invested into this area, there are still
many challenges facing existing simulation systems. To this end, we
had identified several key areas for our research. These areas include
developing new physics simulation techniques, designing flexible
architectures and looking into innovative ways of building low-cost
simulation environments. This thesis presents our research in
developing new physics simulation techniques and designing rapidly
reconfigurable software architectures to improve on the current state
of the art in military simulation. At the same time, we will describe
some of our work done in developing an interactive virtual

environment test-bed for MOUT.,

During the course of this project, we found out that existing MOUT
simulations are lacking in realistic physics simulation. Thus, we
developed and incorporated qualitative methods of realistic physics
modeling at low computational overheads into our training system.
Such qualitative physic simulation techniques can be further extended

into other simulation environments.

In our efforts to create a rapidly re-configurable simulation system, we

proposed a generic framework that can provide an agile and adaptable
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SUMMARY

simulation system that can be transformed easily to handle frequently
changing MOUT simulation requirements.

Thus, we had adapted a commercial game engine to develop a virtual
environment for multi-agent research. This innovative approach allows
us to provide a high quality immersive simulation environment at low
cost. Our success in building such a game engine based training
system was noted by the Defence Science & Technology Agency
(DSTA) and we are currently integrating our training system into their
simulation systems.
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CHAPTER 1: INTRODUCTION

1.1. Motivation for MOUT Research

MOUT (Military Operations in Urban Terrain) is the term used to
describe any type of military action where battles take place in an
environment where man-made construction or high population density
is the dominant feature, such as a city or town [1]. This type of
fighting requires strategies that differ immensely from fighting on
other types of terrain, such as large deserts or jungles.

Fighting in urban terrain brings with it a host of challenges and
obstacles that are not usually found on an open battlefield. High
numbers of civilians, culturally important structures, and narrow
streets and alleys, for example, make for difficult, dangerous fighting.
The modern day soldier must contend with all kinds of distractions and
stresses as he moves through a hostile city, such as differentiating
hostile targets from innocents, constantly watching for sniper fire, and
maintaining a state of heightened awareness at all times [2].

As civilian casualties and collateral damage must be avoided as much
as possible, modern artillery and large-scale weapons are
inappropriate for urban combat. For this reason, city fighting benefits
the defender. Attackers lose any advantage of firepower and mobility.
A city can ingest an invading army, paralyze it for weeks on end, and
render it ineffective [3, 4].

Today's military forces are constantly refining their strategies for
fighting in large urban environments. An invading army that needs to
conduct operations in a hostile city must have a good grasp of MOUT

strategies and tactics.
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CHAPTER 1 — INTRODUCTION

1.2. Background

In the past decade, 3D virtual environments have been successfully
implemented in games and applications. However, there are only a
small number of applications available for research in simulation
environments. Virtual environments can be realized as 3D worlds
incorporated with real life physics. They would possess a certain level
of Al, collaborating with humans to achieve a certain objective. With
the advancement in technology, the solutions available for building
such systems are expensive and extremely difficult to develop.
Fortunately, many researchers have discovered a number of
alternatives. Research in simulation needs a rich environment that is
complex and dynamic, making the study of human behaviour and
collaborative agents possible. Such environments had been found in
computer games running on personal computers (PCs). First Person
Shooter (FPS) games are such games that are reputed to be extremely
realistic. Game engines that provide that realism have also evolved to
be the attractive choice to use as part of a virtual environment
research.

One of the major considerations in building a virtual MOUT training
environment is the fidelity of the virtual environment. As movable
objects such as bottles, boxes and chairs, etc. are quite common in
real-life, it is important to incorporate these objects in the virtual
environments. However, in the existing MOUT simulations, besides the
avatars of the soldiers and some vehicles, most objects are static. The
reason for this is that modelling and implementing movable objects is
a challenging task in terms of computational costs and mathematical
complexities. Traditional methods to implement movable objects are
very time-consuming as they are based on exact physics models and
numeric analysis [5]. The responsiveness of the system may be
greatly affected by the behaviour of the movable objects.

NANYANG TECHNOLOGICAL UNIVERSITY
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The usage of virtual environments in simulation studies has been
widely investigated based on different platforms. A team of
researchers from Carnegie Mellon University and University of
Southern California worked together to develop Gamebots, which is a
virtual reality platform that allows the simulation and evaluation of
intelligent behaviours. Marc Cavazza and his team of researchers
successfully used the Unreal Engine to create a simulation
environment for qualitative physics. However, their research area did
not focus on MOUT.

In our work, we adopt an approach of using qualitative physics to
model the behaviours of movable objects in MOUT simulations. This
approach will help to reduce the computational cost of simulating the
behaviour of movable objects and increase the fidelity of the system.

Considerable efforts are needed to construct a virtual environment for
MOUT. The models of various objects used in one application are often
specifically designed for that application, thus are not generally
suitable for other applications. We often have to rebuild many object
models for a new simulation setup, which is very tedious and time
consuming. To reduce the cost and time in building up different
simulation environments, it is therefore highly desirable to have a
repository of object models that are interoperable and extensible thus
can be reused in different applications. To this end, we propose a
generic model framework, which supports model interoperability and
reusability for MOUT simulations. Our experiences with Twilight City, a
virtual training environment for MOUT, show that the proposed
framework is successful in creating a repository of models for various

simulation setups.

In this work, the objective is to connect existing technologies in order
to produce a research test-bed for Military Operations on Urbanized
Terrain (MOUT). With this test bed, we seek to advance the state of
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the art of distributed interactive simulation, which improves on current
simulation methods on MOUT.
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1.3. Purpose and Scope

This project aims, firstly, to develop a virtual environment for
simulation research on MOUT by using an affordable existing
commercial game that has multiplayer capabilities and any
programming language that supports TCP/IP' to be used as an
interface to the agents. It also aims to offer a valuable research tool
for Human-Level Al research for the students in NTU in the future.
Secondly, we seek to develop new simulation technigues and
architecture with the use of our test bed.

1.4. Resources

This project was fully implemented and developed by using software
running personal computers. The resources used in the project are
listed as follows:

e Unreal Tournament 2004

e Unreal Editor 3.0

e WOTgreal, The Editing Tool for the Unreal Engine. V 3.006
e 3DS Studio Max, The 3D Modeling and Animation Package
e UMark, The Benchmarking Utility

e Java

1.5. Overview of Report

The report is organized into 7 chapters:

Chapter 1 presents the background, purpose and objectives for
developing the interactive virtual environment, Twilight City. It also
covers the scope and limitation of the project.

! TCP/IP refers to Transport Control Protocol / Internet Protocol, which is used in today’s
information highway, the internet.
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Chapter 2 introduces the game engines that are used in scientific
research. The chapter also compares existing virtual environments in
the market and examines the state of the art in simulation techniques

and architectures used in the project.

Chapter 3 talks about the virtual environment design and also

described the design of the simulation techniques used for the project.

Chapter 4 provides detailed description of implementing the simulation
techniques and a short description on the construction of the Twilight
City.

Chapter 5 describes the usage of qualitative physics within Twilight
City to achieve movable objects with minimal computational
overheads.

Chapter 6 explains the Architecture for Rapid Configuration which
evolves the Twilight City into a rapidly reconfigurable simulation
system.

Chapter 7 discusses the scenarios that are tested in Twilight City and
the experimentation results obtained.

Chapter 8 draws conclusion of our research and discusses some
potential direction for future work and enhancements.
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CHAPTER 2 — LITERATURE REVIEW

CHAPTER 2: LITERATURE REVIEW

This chapter provides a review of current state of the art in MOUT
simulations. As we intend to adapt game engines for MOUT simulations,
an overview of relevant commercial computer games is done. Apart
from the implementation and design of the simulation platform, there is
a need to further advance on existing physics simulation and software
architectures. Thus, qualitative physics simulation techniques and

software architecture designs are discussed in this chapter as well.

2.1. Evolution of MOUT

Throughout the history of the military, terrain has played a pivotal role
in influencing the outcome of battles. From amphibious assaults to
fighting in wide-open deserts, to hacking through dense tropical forests,
each unique landscape presents a new set of challenges and
requirements [5].

In ancient and medieval times, a city’s only real military significance
was its fortifications and its garrison. Once these obstacles were
overcome, a city ceased to be a major military impediment. Most of the
actual fighting was done on battlefields far from city centers.

In modern times, however, as the world becomes more and more
urbanized, most fighting now takes place in the cities themselves and
these urban centers are proving to be major military obstacles that are
not easily overcome. In addition to being large enough to completely
block a strategic avenue of approach onto enemy soil, a city's
population poses major security, administrative, and logistical problems
for the invader.

Urban operations require a completely new type of warfare. Where
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armies used to win battles based on their numbers and the destructive
power of their weapons, today’s armies now find that their old
strategies do not work when fighting in urban environments. In a city
setting, the enemy can attack from any direction, and then disappear
back into the civilian population quickly. Heavy artillery and airspace
superiority becomes ineffectual in a city, where civilian casualties must
be avoided.

Today's military forces are discovering that the only way to effectively
cleanse a city of its hostile elements is with the use of small,
technologically superior squads of soldiers that excel in block-to-block
combat. This method is much more dangerous for the invader,
however, and requires highly trained and well-coordinated teams of
individual soldiers.

Tactics for fighting in urban terrain are constantly evolving as
tomorrow’s challenges arise. Where the tank and heavy artillery used to
reign supreme on the battlefield of yesterday, it is carefully coordinated
squads of individuals that will determine a battle's outcome in the new

urban battlegrounds of tomorrow.

2.2. Overview of Computer Games used for Simulation Research

Today, commercial game software running on Personal Computers
(PCs) are giving simulation software a run for their money with regards
to the high standards of graphics, physics and realistic simulations.
During the past few years, the gaming industry had even outgrown the
movie industry. With the evolution of PCs, the most complex rendering
pipelines can be found in the market for less than S$500. With First-
Person-Shooter (FPS) games being able to provide a high-fidelity virtual
environment, or at least a very close match, it can be a suitable
environment for scientific research, simulations and applications [6].

We aim to raise awareness on the usage of such high-power and low
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cost game engines in research. In fact, simulation research around the
world has been using computer games for research [7, 8].

2.2.1. Game Engines

The rationale for using a game engine in the research is that it supports
advanced graphic rendering and animation control which makes it an
ideal development environment. The game engine is the most crucial
component of a computer game. It handles rendering and include
additional tasks such as AI, game physics, collision detection between
game objects, etc. The most common element that a game engine
provides is graphics rendering facilities (2D or 3D). In today’s context
where PCs are so affordable, 3D rendering capabilities which produce
realistic virtual environments allow complex animation and human-like
behaviours to be generated. Game engines were also designed with the
content developed separately. This separability allows game codes to be

used in scientific research.

Virtual World (Level Editing)

Game Code (Game Logic)

| To Clients or other
instances of the game

Server

Y

Network

Game Engine Code

Operaling System

Figure 2-1: Modular game engine structure
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In a game engine structure as shown in Figure 2-1, the game logic and
environment level are not explicitly shown. The virtual world can be
designed and interact with the game engine together with the game
logic. This can be seen at the top level in Figure 2-1. In addition, these
levels allow a complex environment and game logic to be developed
quickly without the burden of graphics programming and creating
motion physics of characters and objects.

In a multiplayer game, the engine can work with the server through the
network code to render and create the global environment shared by all
clients. There are many popular commercial game engines available,
but two of the most popular ones are Unreal engine and Quake engine.
They are reputed to provide an efficient and realistic framework to a
FPS environment [9, 10, 11].

2.2.1.1. Quake Engine

Quake is a client-server application, as shown in Figure 2-2. All
simulations are performed on the server, and all input and output take
place on the client, which is basically nothing more than a specialized
terminal. In multiplayer games, the client and server are separate

processes, running on different machines [12].

Quake was designed from the start for multiplayer gaming. It uses
reliable packet delivery only for information such as scores and level
changes. The Quake server maintains the game’s time base and state,
performs object movement and physics, and runs the core Al. The
most interesting aspect of the server is the extent to which it’s data-
driven. Each level (the current “world”) is completely described by
object locations and types, wall locations, and so on stored in a
database loaded from disk. With Quake engine as the first generation
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game engine, it uses the C programming language as its source
programming language.

Client
Output
Input — 3D render
— Keyboard &
— 2D drawing
— Mouse
— Sound
i 2
v |
Communications Layer
4
v
Transport
LAN / WAN
4
-

Communications Layer
Y

Server

Timebase
Game states
AT
Movement
Physics

Figure 2-2: Quake's architecture

Quake only has a limited number of games that have been modified.
This is due to the complexity of its modular game engine structure
where modification is very difficult. Thus many coders only concentrate
on creating the map/level and agents’ intelligence. The game, Counter
Strike as shown in Figure 2-3, would be most suitable for the 3D
environment for this project.
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Figure 2-3: Counter Strike — Modified Game using Quake Engine

2.2.1.2. Unreal Engine

The Unreal engine was originally released by Epic in 1998 under the
“Unreal” title [13]. The engine is designed to allow third party
developers to create their own games either by developing a
modification that plays under one of Epic’'s games, or by licensing the
engine itself to produce a whole new game. Unreal engine basically
powers the popular futuristic game, Unreal Tournament as shown in
Figure 2-4. Unreal Tournament is an off-the-shelf extendable 3D game
engine that supports networked play.
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Figure 2-4: Unreal Tournament Game

Unreal introduces gaming with an approach termed the generalized
client-server model. Furthermore, the "game state" is self-described by
an extensible, object-oriented scripting language which fully decouples
the game logic from the network code. This achieves a goal of object-
orientation which allows extensibility without introducing dependencies
on other pieces of code which are hard-wired to know about the internal
implementation of that object. This is the most important aspect of the
engine. As opposed to Quake engine, Unreal engine have its own
scripting language, Unreal script. Unreal Script can be used for
programmers to dwell into the engine’s object-oriented model [14]. The
engine’s architecture is shown in Figure 2-5.
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Figure 2-5: Unreal Architecture

The main goal of the network code is to enable the server to
communicate a reasonable approximation of the game state to the
clients so that the clients can render an interactive view of the world
which is close to a shared reality with a reasonable given bandwidth

limitations. Instructing the clients to execute their own functions does
this.

Unreal Tournament can be modified into many games because the
Unreal Engine allows different game plays or scenarios to be made. By
class extension, the programmer can modify the game to whatever
game play limited only by imagination. For example in Figure 2-6,
Jupiter Effect is one of the modified games from a FPS to an aircraft
simulation game. There are also modified games developed to be
suitable for this project. One of it is Infiltration, which has been used in
multi agent research in universities like Carnegie Mellon University
(CMU) and University of Southern California [15].
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Figure 2-6: Jupiter Effect & Infiltration

2.2.2. Review of Game Engines

Table 2-1 compares the two games against basic criteria and

functionality of the systems.

: Unreal

Game engine Quake ToiwRarBHE
Price Aprox. $20 Aprox. $20
Response Fast Fast

| High fidelity 3D environment Yes Yes
Level/Map editor Third party software | Yes
Object Oriented Programming No (modular) Yes
Easy to understand No Yes
Supports multiplayer Yes Yes
Customizable Game plays (game type) | Yes Yes
Suitability of modified games No Yes
Debugging Facility Yes Yes

Table 2-1: Summary of Features

From Table 2-1, there are differences between Quake and Unreal

engine, and both provide high quality features for research purposes.

Quake engine provides hard core coding for the programmer. It dwells

in the C language for most part of the development and does not

support Object Oriented programming (OOP). To modify the code and

create a custom game play, it will be demanding for the inexperienced
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programmer. Though it has a large community of coders and tools; its
core language makes it difficult for inexperienced programmers to work
on it. In addition, the game does not come with its own level editor

tool.

In contrast, Unreal Tournament (UT) is designed for programming.
Many tools and resources are available to everyone. One competitive
advantage over Quake on programming with Unreal Tournament is
that, the programmer can avoid needless reinventing while benefiting
from a proven development platform. With OOP as the core
programming technique, a programmer can make robust changes in
game behaviour without requiring detailed knowledge of the involved
code. The Java like scripting language, Unreal Script, is also easy to
understand. The game even comes with a well-designed UnrealEd?
development environment, a level editing tool. It is used as a Web 3D
Authoring Environment in other area of research [16].

The choice is clear now that there is much more for the researcher in
UT than in Quake. Both games have their strength and weaknesses;
however the OOP aspect of UT has a greater advantage over Quake.

As UT was released in 1998, more powerful versions of the series such
as Unreal Tournament 2003 (UT2003) and Unreal Tournament 2004
(UT2004) are currently in the market. UT2004 runs on the Unreal
Engine 2.0 instead of Unreal Engine 1.0 as in UT. Besides that, the
game editor is also improved from UnrealEd 2.0 to the UnrealEd 3.0.
Although UT2004 has higher hardware requirements than Unreal
Tournament 1999 (UT1999), UT2004 dominates the Unreal Tournament
1999 in all other areas.

? UnrealEd — A 3D Editing tool used to create maps/levels for the game.
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After careful consideration, it was decided that Unreal Tournament 2004

be used as the environment for this project.

2.3. Case Studies

We study some case studies on how game technologies had benefited
other areas such as military simulation and education.

2.3.1. Full Spectrum Command

Full Spectrum Command is a PC strategy game employed as a training
tool to simulate battlefield co-ordination at the company level [17]. The
training aid spawned from a technology partnering agreement between
the US Army and Singapore Armed Forces. The game is designed to
develop the infantry commander's cognitive skills, tactical decision-
making, resource management and adaptive thinking through various
scenarios. These scenarios are focused on asymmetric threats within
peacekeeping and peace-enforcement operations. A scene in the game
is shown in Figure 2-7. It allows the user to understand the importance
of terrain analysis and the potential fratricide situations that can occur
during a battle.
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Figure 2-7: Full Spectrum Command

Key Features:

» Custom designed to reflect current operational tactics
* Head-to-Head multiplayer capability via LAN.
* User-level editor for scenario customization.

« Instructor evaluation mode for curriculum-based usage.

FSL 1.0 is developed by the Institute of Creative Technologies (ICT) in
California, US. ICT was formed by the US Army and the University of
Southern California, bringing together the Hollywood film community
and Silicon Valley-based electronic games developers to work on state-
of-art immersive training simulation. Besides the US Army, the
Singapore Army is one of the few users to use FSL 1.0.
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2.3.2. Attention Disorders in a Virtual Classroom

Research in simulation can be used for the analysis of clinical
populations with central nervous system dysfunction. The University of
Southern California’s Integrated Media Systems Center and Digital
Media- Works have partnered to develop The Virtual Classroom for the
assessment of attention processes in children who suffer from attention
deficit hyperactivity disorder. The Virtual Classroom, as shown in Figure
2-8, provides an efficient and scalable tool for conducting attention
testing. Within this scenario, the child’s attention performance will be
assessed while a series of common classroom distracters were

systematically presented.

Figure 2-8: Virtual Classroom Commercial Version

Building a virtual environment as visually and functionally realistic as
possible is a primary goal. Budget and resource constraints spawned
the innovative approach of using mainstream commercially available PC
hardware and software. The team decided to use the Unreal game
engine as the foundation for the application’s real-time rendering
component as such software would provide the production team with a
rapid prototyping tool capable of producing a quality product without
placing dramatic demands on available budget and resources.
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2.3.3. Analysis of Case Studies

Evident from the case studies, the game engines and game
environment are being used by researchers and the militaries to create
simulation tools. This trend adds strength to the project objectives of
employing a game engine to produce a virtual environment as a
simulation tool. The lessons learned from the case studies are used to
set the standards of the project development goals. This project seeks
to provide a virtual environment that can add certain academic value to

the MOUT simulation research of Nanyang Technological University.

The Full Spectrum Command is a powerful training tool to the US and
Singapore armies but the program is mainly based on jungle terrain.
Furthermore, the program not open-source and is only available to the
military. There are bound to be high licensing costs for the School to
acquire the software.

The virtual classroom provides a good case study for design of a
modification to the Unreal Engine 2.0. The goal of studying the subjects
through a simulation environment is similar to the objectives of the
Twilight City.

Thus, the development of a simulation tool with the Unreal Engine 2.0
as a platform is a feasible approach. Furthermore, the implementation
of this simulation tool, which focuses on MOUT environment instead of
jungle terrain, will aid researchers in MOUT simulation and save huge
costs at the same time.

2.4. Physics Simulation

One of the major considerations in building a virtual MOUT training
environment is the fidelity of the virtual environment. As movable
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objects such as bottles, boxes and chairs, etc. are quite common in
real-life, it is important to incorporate these objects (see Figure 2-9) in
the virtual environments.

Figure 2-9: Movable Objects

However, in the existing MOUT simulations, besides the avatars of the
soldiers and vehicles, most objects are static. The reason for this is that
modeling and implementing movable objects is a challenging task in
terms of computational costs and mathematical complexities.
Traditional methods to implement movable objects are based on exact
physics models and numeric analysis, thus are very time-consuming
[19]. The responsiveness of the system may be greatly affected by the
behavior of the movable objects.

Due to limitations in computational resources, simulation of movable
objects within a simulation environment is often neglected. We
examined the state of the art in 3D physics simulation and study
qualitative physics methods in greater detail.

2.4.1. Karma Engine

A physics engine is one that implements a general mathematical model
of real-world objects and their interactions. The application configures
the model and defines the objects within it, and the physics engine
evolves the positions and velocities of the objects over time in response
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to input from the application. A study on a commercial physics engine,
Karma, is done.

Karma Engine is a physics and collision detection software package
[18]. Software libraries provided contain routines that users can call on
to quickly and easily add physical behaviour to their 2D or 3D
environment. While the Karma product is suitable for a wide range of
applications users should note that it is targeted at the games and
entertainment markets. Karma is aimed at developers of real-time
entertainment simulation software who are familiar with the C
programming language and have a basic knowledge of maths. In broad
terms Karma consists of collision detection and dynamic simulation
modules that may be used alone or together. The Karma Bridge
provides an API that simplifies the interoperation of Karma Dynamics
and Karma Collision. A basic cross platform renderer that wraps the
DirectX and OpenGL graphics libraries is provided. Karma computes
exact physics and takes up a huge amount of computational resources.
Thus, a more efficient technique such as qualitative physics should be
used to improve on the existing state of the art.

2.4.2. Qualitative Physics

Qualitative physics is a research area that aims to provide a new
repertoire of reasoning techniques for computers and automate human
reasoning about the physical world. Qualitative physics attempts to
model the real world using some qualitative rules rather than resorting
to the exact physics [20, 21, 22]. According to the hypothesis of
qualitative physics, commonsense reasoning and expert reasoning are
similar enough to justify a unified treatment. The common challenge is

to answer qualitative questions about complex systems based on partial
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knowledge. The soccer player has only a rough idea of how the ball
moves and the basketballer knows only approximately how high the ball

Kuipers sees qualitative reasoning as the task of formulating and
analyzing dynamical systems that model commonsense or expert
domains [55]. Like most qualitative physics researchers, he believes
that ordinary differential equations are inappropriate for qualitative
reasoning because they presuppose complete, precise models of
dynamical systems. which are often unrealistic and unnecessary. People
cross streets without knowing exactly how fast the traffic is moving or
how quickly it can screech to a halt. Engineers design and repair
artifacts whose physics is unmanageably complex or incompletely
understood. Kuipers extends the language of ordinary differential
equations with constructs that encode partial knowledge about variable
values and about the structure of the equations. The task of qualitative

reasoning is to formulate and analyze generalized equations.

New modeling languages have been developed with the progress of
qualitative physics. These languages describe entities and processes in
conceptual terms and embody natural notions of causality. Qualitative
physics has been used in various areas. For instance, Marc Cavazza and
his team used qualitative physics in digital arts to simulate various
fancy behaviors of objects [23, 24]. In their work, they describe a new
approach to the creation of virtual environments, which uses qualitative
physics to implement object behaviour [25, 26]. Qualitative Process
Theory was adopted as a qualitative reasoning formalism, due to its
representational properties (e.g., its orientation towards process
ontologies and its explicit formulation of process’ pre-conditions). The
system they describe is developed using a game engine and takes
advantage of its event-based system to integrate qualitative process
simulation in an interactive fashion. They use a virtual kitchen as a test

environment.
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Over the last decade there have been several important efforts aimed
at using qualitative physics in digital arts but little effort has been our
work, we have implemented various behaviours: physical object
behaviour, complex device behaviour (appliances) and “alternative”
(i.e. nonrealistic) behaviours, which can all be simulated in user real-
time. As Marc Cavazza and his team were mainly focused on heat
transfer and water flow simulation in their work, they did not consider
simulation of movable object with qualitative physics. In our research,
we seek to improve on simulation of movable objects through
qualitative physics.

2.5. Software Architecture

Due to the rapidly changing needs of the military users, we realize that
just building a good test bed is not enough. We need to have a scalable
and flexible architecture that can be reconfigured swiftly to meet
simulation requirements. Such a system is possible if composing
existing models from a model repository can minimize development
efforts. To achieve reusability and composability, the simulation
systems must have interoperable models. Presently, model
interoperability is a huge challenge due to the application specific
nature of existing models. These models are built with a stovepipe
development approach. As a result, replicates of existing models are
continually being rebuilt for different applications. This needless
reinvention causes costly and time consuming development iterations.
To address these issues, an elegant architecture is needed to quickly
develop virtual environments and support reuse from a common
repository of interoperable and extensible models. We did a study on
simulation interoperability issues and attended the Spring Simulation
Interoperability Workshop 2006 in Huntsville, Alabama, USA. At the
same time, we did a review on some existing systems that support
simulation model reuse.
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2.5.1. Simulation Interoperability Standards Organization (SISO)

The Simulation Interoperability Standards Organization (SISO) is an
international organization dedicated to the promotion of modeling and
simulation interoperability and reuse for the benefit of a broad range of
M&S communities. SISO's Conference Committee organizes Simulation
Interoperability Workshops (SIWs) in the US and Europe. SISO's
Standards Activity Committee develops and supports simulation
interoperability standards, both independently and in conjunction with
other organizations. SISO is recognized as a Standards Development
Organization (SDO) by NATO and as a Standards Sponsor by IEEE.

In 2003, the IEEE Computer Society Standards Activities Board (SAB)
granted the SISO Standards Activities Committee (SAC) status as a
recognized IEEE Sponsor Committee. SISO now maintains two major
families of IEEE standards, IEEE 1278 (Distributed Interactive
Simulation) and IEEE 1516 (High Level Architecture for Modeling and
Simulation).
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2.5.2. Base Object Model (BOM)

The Simulation Interoperability Standards Organization (SISO) focuses
on facilitating simulation interoperability across government and non-
government applications worldwide. One of SISO's interests is to
explore methods that support and promote reuse of simulation
components and encourage agile, rapid, and efficient development and

maintenance of models.

Base Object Models (BOMs) provide a key mechanism in facilitating
interoperability, reuse, and composability. BOMs are specifically
identified in the IEEE 1516.3 High Level Architecture (HLA) Federation
Development and Execution Process (FEDEP) as a potential facilitator
for providing reusable model components used for the rapid
construction and modification of federates and federations. The open
standardization of BOM representations is considered essential for

encouraging their development, distribution and use [27].

The BOM concept is based on the assumption that piece-parts of
simulations and federations can be extracted and reused as modeling
building blocks or components. The interplay within a simulation or
federation can be captured and characterized in the form of reusable
patterns. These patterns of simulation interplay are sequences of
events between simulation elements. The implementation of the
pattern using HLA object model constructs is also captured in the BOM
[28].

Although BOM is an emerging standard for model interoperability, it
does not support game engine based interoperability. In fact, there is
not much work done in support game engine interoperability. In our
work, we take the lessons learnt from BOMs and improve on our own
game engine-based models.
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2.5.3. Joint Modelling and Simulation Environment for Wargaming
and Experimentation Labs (JEWEL)

As a small nation, Singapore has limited human resources, land and
airspace. The strategic use of Modelling and Simulation (M&S) to help
Singapore overcome these constraints is therefore crucial. Thus,
Singapore formulated her simulation master plan, called the Vision for
SAF Simulations (VSS), back in the mid-1990s. The Joint Modelling
and Simulation Environment for Wargaming and Experimentation Labs
(JEWEL) was conceived as the simulation environment in support of
VSS [29, 30]. This enterprise-wide approach to simulation is analogous
to what is happening in the business and command and control (C2)
worlds.

Designed with reusability and interoperability as its primary precepts,
JEWEL would be an open software environment that allows the
incorporation of new technologies and standards from governmental,
commercial and R&D bodies. It would be a launching platform from
which new application needs can be satisfied accurately and quickly.
To maintain openness and as a result future-proof JEWEL, DSTA
believes that substantial attention must be devoted to its information
architecture, both in terms of representation as well as content, as
demonstrated in their adoption of HLA and Extensible Markup
Language (XML), among other standards. JEWEL would support the
Singapore Armed Forces (SAF) in training, analysis, experimentation

and acquisition.

JEWEL is a collection of data and interface specification standards,
frameworks and tools, and composable models and databases.
Repositories ofc Models and databases refers to the physical set of
reusable models and databases that are developed or acquired to
perform specific simulation functions. A layer of frameworks and tools
provide the glue essential for the different simulation tools to integrate

seamlessly with one another. Some of these tools are available
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