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Abstract However, building high resolution virtual

environments at a low cost is insufficient to fulfill the
) ) requirements of a modern simulation system. New
Entertainment technology, such as game engines,generation simulation systems should be agile and
can prqvide low cost opergtional realis_m for Military rapidly reconfigurable due to a growing emphasis to
Operations  on  Urbanized = Terrain  (MOUT) reduce the development time. Such a system is
simulations. However, apart from achieving low cost possible if development efforts can be minimized by
and high fidelity virtual environments, MOUT  ¢omposing existing models from a model repository
simulation systems should also be adaptable with thejnto new virtual environments. To achieve reusability
frequent shifts in operational needs. We found that g9 composability, the simulation systems must have
existing system architectures may not be Optimizedinteroperable models. Presently, model
for reconfiguration with a game engine based interoperability is a huge challenge due to the
approach. To this end, we describe our work on gppjication specific nature of existing models. These
building agile and reconfigurable systems that can ygdels are built with a stovepipe development
construct MOUT virtual environments rapidly with approach. As a result, replicates of existing models
game engines. We propose the Architecture for Rapidare  continually being  rebuilt for different
Configuration ~ (ARC)  to  support  model gppjications. This needless reinvention causes costly
inFeroperapiIity and reusability. Along with ARC, we gnd time consuming development iterations. To
will explain how two other components, namely address these issues, an elegant architecture is needed
Game-based Object Standard Interfaces (GOSI) o quickly develop virtual environments and support

(ARCOR), work in tandem with the ARC. In our gxtensible models.

previous work, we constructed Twilight City, a
virtual training environment for MOUT. Our
experiences show that the proposed architecture has
transformed  Twilight City into a rapidly
reconfigurable simulation system.

Many experts are involved with ongoing work on
model interoperability and reusability. The
Simulation Interoperability Standards Organization
(SISO) holds many conferences to promote model
interoperability, reusability and composability [2]. In
[3], Ray J. Paul discussed the impact of model reuse
1. Introduction in the quality of simulations. Bob Lutz explored and

did some groundbreaking work on interoperability

According to a United Nation's report [1], the concepts. Paul Gustavson worked on the piece-part

world population in urban areas will grow from 2.86 concepts of Bob Lutz and created the Base Object

billion in 2000 to 4.98 billion by 2030. The rapid Models (BOMs) to enable interoperable simulation
urbanization infers that Military Operations on components [4], [8], [9].

Urbanized Terrain (MOUT) are getting increasingly
important. However, live MOUT trainings are costly
and time consuming. To avoid the high costs and
lengthy turnaround time, building virtual MOUT
environments seems to be a logical and powerful
alternative.

Although there is ongoing research in the area of
interoperability, it is observed that more work can be
expanded in the area of interoperability between
models supported by game engines. Unlike common
models, game engine based models are developed at
a high level as they can utilize the application



programming interfaces (API) of game engines to specific concepts onto the language definition.
perform low level tasks. Therefore, any architecture Therefore, the construction of high quality virtual
or standard enabling interoperability between the environments and models are greatly simplified.

high level models need to consider the interactions of
high level models with their low-level APIs.

In this paper, we propose the Architecture for
Rapid Configuration (ARC) to support model
interoperability and reusability for MOUT
simulations built on top of game engines. Along with
ARC, we will explain how two other components, the
Game-based Object Standard Interfaces (GOSI)
specifications and the ARC-based Objects Repository ==
(ARCOR), works in tandem with ARC to provide an
agile and easily re-configurable systevidith ARC,
we will be able to rapidly configure MOUT virtual
environments with the appropriate scenario context.

The remainder of this paper is organized as (@) Squad operation
follows. In Section 2, we give an overview of the
Twilight City, a virtual training environment for
MOUT. The ARC, GOSI and ARCOR are elaborated
in Section 3. Some examples of using the proposed
architecture inTwilight City are discussed in Section
4. Conclusions are drawn in Section 5.

2. Overview of Twilight City

The objective of building th&wilight City [6] is
to create a high fidelity training and simulation
system for MOUT.Twilight City aims to act as a
testbed for various MOUT operations such as hostage
rescue or raid operations. A typical scenario in

Twilight City is the special squad operation to save (b) Crowd

hostage held in a building by terrorists. The squad

may consist of several human-controlled characters Figure 1. Twilight City

and some Al (artificial intelligence)-driven Non- B o )

player characters (also known tasty. The terrorists Twilight City is designed to work on top of the

may also be some human-controlled characters and!T €ngine with various modifications. These

bots. Various tactics can be implementedwilight modifications adapt various UT game features to

City, and the users (trainees) can get familiar with the cater  for - MOUT  simulations. ~ With  these
real operation environments, assess the effect ofmodifications,Twilight City can be used as a MOUT
different tactics, and choose the best tactics to beSimulation platform for various scenarioswilight

used in the real operations. Figure 1 shows someCily uses client-server architecture and allows for
screen shots dfwilight City. multi-player setup. In particular, an Al framework is

implemented to generate realistic tactical behaviors

Twilight City is built using a commercial game  for Al bots, a speech module is introduced for human
engine, theUnreal Tournament(UT2004) engine.  yoice recognition, customized animations and special
The motivation of using a game engine lies in the effects are used to enhance the fidelity of

rapid growth of commercial game engines that are environment and enrich a human player's
affordable and also provide excellent support for high experiences ifwilight City.

fidelity 3D modeling. With the support of game

engines, developers may focus on human behavior
models and tactics rather than on the 3D graphics.
The native support from game engine APIs enables
rich and high level programming mapping game-

Various tactical scenarios are used to evaluate the
performance offwilight City. Case studies show that
Twilight City has high fidelity on visual effects and
the Al bots also demonstrate some human-like
tactical behavior [6], [7].



Although the adaptation of game engines for from the abstract base cla8hject Actorsonly store
simulation is gaining popularity, there are no existing the current state of the simulatedtity. Models are
architectures enabling interoperability  and further segmented intmteraction modelsand logic
composability in this area. Our experience in models. Interaction modelsare the data exchange
constructingTwilight City shows that it is still very  layers betweerogic models actors and the virtual
time consuming to build the simulation environment environment Logic modelsshould only exchange
from scratch due the large number of models data viainteraction modelsWith the data, they will
involved. perform reasoning and decision making. Thus, an

We have incorporated qualitative physics for entity within Twilight City Wi|| con'Fain an actor
modelling movable objects inTwilight City. attachedvith logic modelsandinteraction models
Qualitative methods enhance the realisnTaflight The class hierarchy in Figure 2 shows how the
City by adding more movable objects without object models are extended from the base class.
significantly increasing computational overheads. In Weaponsand humanactors are extended from the
this paper, we will show how the propos@&RC baseactor class. Models such @ath Findingand
helps to speed up the modelling of the qualitative brain are also extended from the basedelclasses.
physics objects. Characters such a®rrorists and soldiers are sub

classes of thbuman actorclass. Similarly, different
weapons such asombsfor the terrorists andrifles
3. Achieving Rapidly Re-configurable for the soldierscan be produced from extending the
MOUT Simulations weaponclass. After the requiredbjectsare formed,
) ) . ) ) the resultingentity is built by putting the bjects

In this section we will describe teRCand its together. For example, tiseldier entityis built up by

major components that drive the evolution of the rifle, human motionand soldier brain objects.

Twilight City into a flexible tool that can rapidly | jkewise, theterrorist entityis an aggregation of the
configure itself to meet different MOUT simulations  nomiy human motiorandterrorist brain objects.

requirements.

At the conceptual level, thaRCis designed to
facilitate task abstraction and modularity in design.
The ARC provides a framework that supports / N

Objects

composability and interoperability. TheGOSI

specifications control the interactions between

X 2 Actors | | Maodels |
modules and acts as the linkages that hold the objects !
together within the framework of ARC. The ARC- /r 7\
based objects in the rich repository of ARCOR can | Homan | | Interaction | | Lo |

be activated to compose simulation entities rapidly.

3.1 Overview

k
This paper assumes a basic understanding of

game engine specific object oriented concepts such | Soldiersrain | | TerrorBrain |
as the object graph, serialization, object lifetime, and \\
polymorphism. We adopt an object-oriented \

modelling approach to creating reusable and
composable objects in MOUT simulations. With this Weapon Path
Rifle

approach, complex simulation models are broken Findinn
down into some basic building blocks. For the 7\ T 7\
purpose of this paper, anything that exists
individually within the virtual environment is | Bomb || | HumanNavigate || T
described as aentity. Examples ofntitiesare bots,
movable objects, vehicles, etc.Entities contain /’ ’\
components described asbjects Objects are |
responsible for the behaviors of thatities In our

test bedobjectsare the superset from whicttors

andmodelsare extended from via separate branches  Figure 2. Class Hierarchy of ARC based objects

| Tank || Car




3.2 Architecture for Rapid Configuration

Actors, logic modeland interaction modelsre
the building blocks of theARC Entities houses
actors, logic modelsand interaction models in
relationshipsclearly defined byARC. The explicit
definition of tasks allows model substitution and
ensures modularity. Being modular, specific
components of aARC-basedntity can be modified
without affecting the rest of the components. In
figure 3, we illustrate ARC with a simple diagram.

Actors
Bots Box Vehicle
Monitor Control
Logic
Interaction
Models Group
Models Group
Qualitative —>
. Bots
Physics Commands
Interaction
Brain ;
Information .
Physics
Interaction
Events Monitor

Simulation Environment

Figure 3. Architecture for Rapid Configuration

Being able to access game engine ARIgprs
enableentityto move, interact with othentitiesand
perform useful actions. The high-level artificial
intelligence such as physics reasoning is built in
model classes.Models are attached t@ctors in a
plug-and-play manner to providentity behaviors.
The function of eachmodel should be distinct to

ensure modularity. WithARGC simple models are
composed together to perform complex behaviors.
Modelsare separated into tlieteraction modeland

the logic models ARC allows coordination between
logic modelsandinteraction modelsTheinteraction
modelsretrieve information from thactorsand the
environment for thelogic models to perform
reasoning. Théogic modelsaffect theactorsand the
environment via thénteraction models.

Being a modular frameworkARC allows the
migration and swapping ahodelsin anentity while
minimizing the propagation effect sustained by the
remaining models The ARC-supported model
swapping provide flexibility for the simulation
system to switchentity behaviors rapidly. With a
common architecture, it will also be more convenient
to construct interoperable models for sharing and
reuse.

3.3 Game-based Objects Standard Interface

To be a rapidly re-configurable system, the
frequent model swapping is expected. If there is no
standardization of model data exchange methods,
much time and efforts will be incurred when a model
is migrated. Therefore, we propose tBame-based
Objects Standard Interfaces (GOStp provide
standard interfaces specifying data exchange
methods. Thebjectswill adopt interfaces according
to their individual functions. Figure 4 shows an
example of GOSI interfaces for the actors
interactionandlogic modelsf movable boxes.

Actor MovableBox{ Interaction Model BoxInteract{

Il Execute Game Engine I Executing functions

API

void Rotate (PsiVelocity,
PhiVelocity, ThetaVelocity);

void MoveTo(x, Y, z);

void BoxRotate (PsiVelocity,
PhiVelocity, ThetaVelocity);

void BoxMove(Displacement);
/NInformation functions

void GetBoxWeight();

void GetBoxForce();
/lAttributes

/Nnternal functions
void BeginPlay();
void PostBeginPlay();

void Tick(); float weight, density, force;
/Ninformation functions }

void

GetMovableBoxWeight();

void Logic Model BoxPhysics{
GetMovableBoxDensity(); /I Physics reasoning functions

void GetMovableBoxForce();
[IAttributes

intx,y, z;

Strength AngularEffect (Force,
Weight);

Displacement
DisplacementEffect(Force,

float density, weight; Weight);

Figure 4. Game-Based Object Standard Interfaces



The BoxPhysicsmodel can be decomposed into performed. The development process will be repeated
AngularEffectand DisplacementEffect logic models. recursively until the entity obtains all required
The two separate components perform distinct objects If a conceptual model cannot be further

functions and will again follow a set o&OSI decomposed, thebject shall be developed from
interfaces. The twtogic modelscan be composed to  scratch. Thus, albbjectsare constructed either by
form theBoxPhysics model composing existingobjects or from scratch. All

Defining GOSI specifications to standardize data NeWly built objectsare added tARCORfor future

exchange can achieve interoperability, reusability and "€-US€:
composability. PresentlyGOSI is largely working

within the MOUT simulation domairGOSirelies on dentify | €C--—=-==m=mmmmmmmmmmmmmmeoog
the fact that general MOUT operational concepts are PlgeEs
similar across projects [16]. For example, most

MOUT simulation projects will need human
behaviors, weapons, sensors and missions. By
standardizingobject interfaces according to their
domain, scope and function, information exchanges
betweenmodelscan be controlled. To shareodels Conceptual
across different game engines, wrappers shall be used| ©biect Model
to convert the game-specific code to suit another
game engine. However, as this is beyond the scope of
this paper, we shall not go into greater details on this.

ARC-based
Object
Repository <+

3.4 ARC-Based Objects Repository Creatlengg:;;based
It is important to build a repository to store all the
ARC-Based Object®or future re-use. From figure 2,
it is seen that thARC-Based objectare held within
a class hierarchy. To facilitate the rapid retrieval of
objects withinARCOR objectsare kept in the ARC-
based class hierarchy. The capabilities and limitations
of the objects should be documented to give a
working knowledge on th®bjects For validation
purposesgpbjectsshould record the projects that they
participated before. Note that confidence level
increases with the frequency in usage.

The development flow with anARC-based
approach for MOUT simulations is shown in Figure
5. The simulation is made up of maegtities Each
entity exhibits distinct behaviors as controlled by its
objects We composeentities by assembling the
objectsin an ARC structure. From Figure 5, we can
see that after identifying the purpose ofcdnject the
conceptual model for thebjectwill be defined. Then
the ARCORIs scanned for an existirmpject similar
to the conceptual model. If an appropriatectis ~ 4- Example results
found, the object will be used to assemble the
framework of theARC-based entityOtherwise, a In this section, we describe how the proposed
new object needs to be built. This newabject shall framework helps to extend our previous work on
adopt an appropriate interface based on @t@SI Twilight City. As in most First Person Shooter (FPS)
specifications. Subsequently thbjectwill be further games, most objects iTwilight City are static
broken down into smaller components which can be objects, i.e., they cannot move. The reason for this is
composed together to form the origirabject. As that modeling and implementing movable objects is a
shown by the dotted line in Figure 5, a multi-layer challenging task in terms of computational costs and
search for the composable components will be mathematical complexities. The responsiveness of

Object Found?

No

Break into
smaller parts?

Yes

ARC-based objects
developed

Figure 5. ARC-based Objects Development



the system may be greatly affected by simulating the framework. The interactions between components in
behaviors of the movable objects. However, as the dotted circle in Figure 7 were modified with the
movable objects such as bottles, boxes and chairsjnfluence ofARC Instead of both thevent handlers
etc. are quite common in real-life, it is important to andobjectbehavioraccessing th@ualitative Physics
incorporate these objects in the virtual environments Engine separately, thebject behaviorshould only

to enrich a human player’'s experiences. Figure 6 interact with theQP enginevia theevent handlers
shows some of the movable objects that we
implemented within Twilight City.

Qualitative Physics
Actors Threshold
veadumunsa}. Values Library
““-‘lll I.... —
Jos*"" Event ﬁ e,

'," Handlers ™~ 'g‘
N Qualitative Physics | %
'.‘ Engine .:

., Object o

*t., Behavior ﬂ ot
..... ‘_“

l .-..-.......--.---'-}ZinematiCS
Library

Action
Controller

(a) Falling boxes l

Simulation Platform (UT Engine)

Figure 7. Qualitative Physics Framework

The Event Handlersin Figure 8 are built using
the interaction modelsfrom the previous project
within the ARCOR Theseinteraction modelsare
constructed based on theGOSI to ensure
composability and interoperability. Similarly, the
Object Behaviomodule is built up by composing the
logic modelsstored in within theARCOR Qualitative
Physics Actorare extended from the existiagtors
as well.

(b) Falling barrels

Figure 6. Movable Objects in Twilight City Qualitative Physics

Act
In Twilight City, we adopt an approach of crors

Qualitative F_’hysics (_QP) to model t_he behaviours of Event Handlers
movable objects. This approach will help to reduce S\

the computational cost of simulating behaviours of
movable objects and increase the fidelity level. We
implemented &P engine to simulate the behaviour
of various movable objects. Figure 7 shows how the
QP simulation on movable objects is achieved. This
part of work had been presented in the 39th Annual
Simulation Symposium [5].

Using ARC we streamlined the development
process ofQP entities within Twilight City. We
rebuilt theQP components in accordance to heC

Object Behavior

Qualitative Physics
Engine

Figure 8. ARC- based Qualitative Physics

With ARG the development time for creating

various movable objects

infwilight City was



shortened from a projected 8 months to 2 months. extended from the generic humaamtity and are
Figure 9 shows some examples of movable objectscombined with existing models such as the shooting

that we implemented ifiwilight City.

(b) Tumbling Tires

(b) Falling chairs

Figure 9. ARC- based QP Movable Objects

There are many other benefits of using &RC
framework, e.g., the rapid generation of terrorist
behaviors infwilight City. The terrorist behaviors are

actions of the soldier models. When there is a need
to change the behavioral patterns of terrorists, we can
conveniently adapt to this change by extending the
existing models in thdRCOR At the current stage

of our project, we have implemented more than 50
ARC-basednodels. We expect that the current model
repository will greatly shorten the development time
of various MOUT simulation setup and fulfil the goal
of building a rapidly configurable simulation system.

5. Conclusions and future work
In this paper, we propose thgrchitecture for

Rapid Configuration (ARC)to build rapidly
reconfigurable game engine based simulation
systems. At the same timeARC will enable

interoperability, reusability and composability among
various modelsacross different MOUT simulations.
The GOSI specifications decide the data exchange
interfaces within theARC The model repository,
ARCOR is developed to store various commonly
usedobject classes. WitPARCOR new models can
be easily built by reusing the existing models. This
reduces the cost and time to build new simulation
environments. Thus, the developer can focus on
refining the system rather than wasting time on
needless reinvention of existing components.

We will continue to work on the proposédRG
improve the GOSI specifications, and enrich the
objectclasses in the ARCOR. In particular, we shall
focus on models for representing human behaviors
and movable objects.
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