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ABSTRACT

With many free simulations available toveétopers, it is desirable to marry the
existing library and work of these simulations in an attempt to create a completely open
source virtual reality environment to facilitate computer aided training and simulation.
Key problems associated with developiray large scale Multiple User Virtual
Environment (MUVE) are analyzed includingpaopriate server — ieint architecture,
terrain and object model formats, and ovemibject scalability. Solutions to these
problems are proposed and analyzed, inagdising existing commercial and open
source projects in development, using prigealready deployed, dhe feasibility of
developing a new solution to meet the riegments of this thesis. Advantages,
disadvantages, and possible military and educational uses for each of these free
simulations and the associated persistent mwarlds are also analyzed to recommend a

direction of action for military ad education simulation and training.



THIS PAGE INTENTIONALLY LEFT BLANK

Vi



TABLE OF CONTENTS

INTRODUGCTION. ...ttt ettt et e e e e e e e e e e e e e e e e s e s e s s ebbbebeeees 1
A. PROBLEM AND THESIS STATEMENT ...ovviiiiiiiiiiiiieeeeeeeeeeeeeeeeeee 1
B. MOTIVATION Lottt ettt e e e e e e e e e e e e e e e e e s s e s s aa e 2
C. SCOPE OF THE THESIS ... ..ttt 4
D. THESIS ORGANIZATION ..ottt e e e e e e e e e e e e 5
1. Chapter Il — Problem Overview: MMOG and Serious Games....... 5
2. Chapter Il — Related WOrK...........ceveiviiiiiiiiiiiee 6
3. Chapter IV — 3D Graphics Interoperability............cccceeeeiiiiieeeennnnnn.. 6
4. Chapter V — Networking Interoperability ...........ccccocevveiiiiiininininnnn. 6
5. Chapter VI — Informal Comparison of Virtual Environment
FRATUIES. ... e e 6
6. Chapter VIl — Conclusions and Recommendations..............ccc......... 7
PROBLEM OVERVIEW: MMOG AND SERIOUS GAMES............ccocoivviiiiinnee. 9
A. INTRODUGCTION. ...cctiiiiiiiiiieee ettt e e e e e e e e e e e e e e e e nnanes 9
B. SERIOUS GAMES AND MMOGS.......cooiiiiiiiiiiiiirtiie et 9
1. INtroduction t0 SerioUS GamES..........coovvvieiiiiiiiiiiiee e e e e e e e eeeeeeeneens 9
2. 1Y [ 111V Z= i (o] ISP PPPPPPRRPPRRPPPR 12
3. Changing CUITUIE ........uuiiiiiiiiiieiee s 15
4, Useful Learning..........ooovveeiiiiiiiiii et e e e e e e e e e eeenanes 16
5. Skills Learned From Games .........ooooeiiiiiiiiiiiiiiiiiieeee e eeeeeeeeeiieeees 18
6. Game DeVelOpMENT..........cooiiieeerr e 24
a. NEW OPPOITUNITIES. ....cevveeeiiiiiieeie e e 25
b. T IST= o 11 25
7. Bad PUDIICILY ... 25
C. CONCLUSION ...ttt e e e e e e e e e e e e e e e e s s s nnnnnrenees 26
RELATED WORK ...ttt et e e e e e e e s st eeeeeeeeeaaaaaaeeeaaaasaasannnnns 27
A. INTRODUCTION. ...ctttiitiie e e e e e e e e e e e e e e e e e e e e e e e e aennnnes 27
B. ARMY GAME PROUJECT ...ttt 27
C. METAVERSE ROADMARP ...ttt 29
1. Background and INtroduction ...............ooevvviviiiiiiiiiie e 29
2. Bases for SPeCUlatioN.........ccoovi i 30
3. T F= o [T o I (=] o £ 31
4. (1 =110 T |1 o TR PP 34
D MULTIVERSE AND SOCIAL NETWORKING..........ooooiiiiiiiiiiiiiieeeeee 34
E. SAVAGE X3D WORLD MODELS .....coovtiiiiiiieeieee e 35
F. SECOND LIFE FOR RESEARCH .....oooiiiiiie ettt 38
G. CONCLUSION ...ttt ettt e e e e e e e e e e e e e e e s s s bnbeeeee e 38
3D GRAPHICS INTEROPERABILITY ...t 39
A. INTRODUCTION. ...cititiiiiiiiieeeee ettt e e e e e e e e e e e e e e s s e e s s nnnnes 39
B MOTIVATION oottt e e e e e e e e e aaaeaeeaaeaeaaaaaannns 39



VI.

C. BD MODELS ... e e 40
1. OLIVE .. ettt e e e e e e e e e e e e e e e e e e e e aaaas 40
2. T e 40
3. SECONA LIfE ..o e 41
a. Prim. BIENEr ......coeeei e 42
b. OBJ IMpPOorting SCHPL ....vvvvviiiiie e 45
C. Maya / 3DS Max imPOrting. .........eeeeeeiieiiiiieeeeeeeeaaaeirneieens 45
4, Project DarkStar..........ccooiiiiiieeiicce et 45
D. OPERATING REQUIREMENTS ...ttt 46
1. OLIVE .ttt et e e e e e e e e e e e e e 46
2. I =T (= RSP 46
3. Y=o o] o o I I a7
4. Project DarkStar..........oooiiiiiiiieieiie e 48
E. CONCLUSION ...ttt e e e e e e e e e e e e e e e e s s s aaeenees 48
NETWORKING INTEROPERABILITY ..ottt 49
A. INTRODUCTION. ...ctttitiiie e e e e e e e e e e e e e e e e e e e e e e e e aennnnes 49
B MOTIVATION oottt r e e et e e e e e e e e e e e e e e e e e e aaaanns 49
C OLIVE ... ettt e et e e e e e e e e e e e e e e e e e e 50
D. THERE! .t e e 51
E. SECOND LIFE....oiiiiiiiiiiiie ettt a e e e e e e e e e e e e e s eneees 52
F PROJECT DARKSTAR ..ottt ettt 53
G CONCLUSION ..ottt ettt e e e e e e e e e e e e e e e s s s snnnneneenees 53
INFORMAL COMPARISON OF VI RTUAL ENVIRONMENT FEATURES ..55
A. INTRODUCTION....cctiiiiiiiiiiieee et e e e e e e e e e e e e e e e e e e e e s s s nnnnes 55
B (O I Y SRR 55
1. YN0 V7= ] c= Vo [ PSP 55
a. Visual APPEAL ... 55
b Military Collaboration ...........cccccoeeeeiiiiiiiie e, 56
c Voice COMMUNICALION ......coveeiiiiiiiiiiiieee e 57
d. Commercial Development.............ooevvviuiiiiiiiiee e 58
e. DIS / HLA Gateway CONNECHIONS.........cuvuueriiiiiieeeeeeeeeeeeeeeeinnns 59
f. VERNICIES. ... e 60
2. DISAAVANTAGES ... . ettt 60
a Commercial Development.........cccccvveieeiiiiii e 60
b Model FOrmMaL............uuuiiiiiiiiiceeceeceeeeeecre e e 61
C. Terrain FOIMAL ........oooieiiiiieeeeerr e 61
3. Recommendations and USES............uiiiiiiiiiiieeeicceeeeeis e 61
C. THERE! .o e e e e e e et aaaaaaaaaaaaan 62
1. F 0 AV Z= ] ¢= Vo [ U 62
a. POPUIALION .. 62
b. Recordable............uiiiiii s 63
C. WOrld Creation........oooeeeeiiiiiiiiie e 63
d. Weather CONtrol...........cooiiiiiiieeere e 63
e. G D ST\ = D U o] o o o SR 63
f. Voice COMMUNICALIONS ......ceveviiiiiiiiiiiee e eeeee e e e e 64

viii



g. APPECATANCE ... .iiiiiiieeiei et 64

2. DISAAVANTAGES ... . ittt a e 65
a. Limited SCHPLNG.....cooe e 65
b. Model SUDMISSION ......ccooeiiiiiie e 65
C. (@] 0010 1= ol - | PR 65
3. Recommendations and USES............cvviiiiiiiiiiieeeeeeeeeeeeeseeiiveveeeee 65
D. SECOND LIFE....ciiiiiiiiiiii ettt e e e e e e e e e e e e e e e e e s aeeeeeees 66
1. YN0 V7= ] ¢= Vo [ PP 66
a. POPUIALION . 66
b. (O] 01T g S Yo U] { ol 66
C. ReEQUINEMENTS. ... 66
d. HOSEEA ... 67
e. WeD INtegration.........ccooiiii e 67
f. MOVEMENT ... e 67
g. TULOMIAIS v 68
h. Avatar CUSTOMIZALION........uueeiiiiieeee e 68
2. DISAAVANTAGES ... . i e i i i e a e 69
a. Graphically Unappealing.........ccccuuviimiiiiiiiiiiiiiiieeeeeeeee s 69
b. ChaotiC CONTENL......eiiiiiiiiiiiieeee e 70
C. VOICE ..ttt e e 70
d. Y=o U113V 70
e. TOITAIN ...ttt e e e e e e e e e e e eeeeeaee 71
f. NO PlaybackK...........coovriiiiiiiei e 71
g. e (0 0111 = o S PPPUUUSUP 71
h. (0 1] TSP RSRPPPIN 71
3. Recommendations and USES............evviiiiiiiiiieieieeeeeeeeeeseivveeee 72
a. Language TraiNiNg .........eeeeeeeeeiiiieieeeeeee e 72
b. Distance EdUCALION ..........cocciiiiiiiiiiiiiiiieieceeeeee e 72
C. RECTUITING .o 73
d. Teleconferencing / Virtual Collaboration..............ccccceeeeennn. 73
E. PROJECT DARKSTAR ..ottt ettt a e e e e e e e e e e e e e e 73
1. 0 V7= ] €= Vo [ USSR 73
a. OPEN SOUICE JAVA ...euunieiiiiiiiie et 73
b. Developing User COMMUNITY .......cevviiiiiiiiiiiieeeeeeeeeeie 74
C. Configurability ..........coooiriiii 75
d. (0 1] PSPPSRI 75
e. BT >V TR 75
f. PlUG-IN DESIGN....ccoiiiiiiiii et 76
g. Scalability ......coovieeee e 76
h. ST ST IS] (=] g o = T 77
I. Fault TOIEranCe........uuuvviiiiiiiiiiiii e 77
2. DISAAVANTAGES ... .ottt 77
a. WOIK IN PrOQIESS ..uvvuueiiiiiee i e e e e eeee ettt e e e e e e e e e e e aeeeeaeannnes 77
b. NO USEr SCHPLING....uuiiiiiieeeeeeeeieeeeeeeeee e e e e e e e 77
C. Limited DOCUMENTAtiON ......cvvvveeiiiiiie e 78

iX



3. Recommendations and USES...........uuiiiiiiiiiieiieiiceeeeein e e e 78
a. Persistent Mirror Wald Simulation.............ccocoeeeiviiiviiiiiiinnns 78
F. CONCLUSION ...ttt ettt e e e e e e e e 78
VII.  CONCLUSIONS AND RECOMMENDATIONS.......cooiiiiiiiiiiiiiiiineereeeeeee e 79
A. CONCLUSIONS ... e e e e e e e e e e e e e erareaaaaeaaeas 79
B. RECOMMENDATIONS / FOLLOW ON WORK .......cuviiiiiiiiiiiiiiiiiaeaeeen 81
1. Develop a Fully Persistent Mirror World Simulator...................... 81
a. Where t0 Start?.......coooe i 81
b. NEIWOIKING ..o 82
C. ENVIFONMENT... ..ot e e e e e e e 83
2. RecomMmMENded USES .......cooiiiiiiiiiiiiii e 85
a. LAV o T= Ut o1 o P 85
b DiStanCe Learning.........ccuuuuuuuuumiiiieaaeeeee e eeeeeeeeeeieisiine s 85
c RECTUIMENT ... 86
d. Social NetWOrKing ..........uuuuiiiiiiiieeeeeceeeeeeer e, 86
e. INFOrMALION ....ooveiicie e e 87
f. Military Officer TrainiNg...........eeeeeeeiiee e 88
3. Establish a Second Life Recruiting and Campus Presence............ 88
a. CaMPUS PrESENCE .....ceviiiiiiiiieeeet ettt 88
b. RECTUITING .o 89
C. Public Relations ........cooviviiieeccce e 89
LIST OF REFERENCES ......cootiiiiiiiie ettt e e e e e e e e e e e e e e e e e e e s s s s nnssaseennnees 91
INITIAL DISTRIBUTION LIST .ottt e e 93



Figure 1.
Figure 2.
Figure 3.

Figure 4.
Figure 5.

Figure 6.
Figure 7.

Figure 8.
Figure 9.

Figure 10.
Figure 11.

Figure 12.
Figure 13.

Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.

Figure 25.
Figure 26.

LIST OF FIGURES

An illustration of the variety of serious game objectives that is possible

[From USC Gamepipe Laboratory]........ccceeeeeeiieeeeeieeieeeeiiiiiieeee e e e e e e e 10
One of many thousands of deped flight simulators in use [From

University Of BriSTOI]. ....uuueiiii i 14
There is a large overlapt@aay’s computer games and the area of

][ 101 F= 11 0] 0 R 16
The curve shows the increaspearformance in a task over trials.................. 20
Difficult visual target differemtion can be improved through computer

gaming in AMEIICA'S AIMMNY. ...ooiiieiiieiiiiiiee e e e e e e e e e e e e e e e e et e s e e e e eeeaaeeeeensannnes 21
Computer gaming can help in assgy target thregrioritization, as in

F N Lo o= SR N 1 0 1Y 22
A soldier confronts multiple tatg in the field in America’s Army. ............. 23

A user of America's Army involved in urban operations..............ccccceeeee 28
Moore's Law depicts an expotienncrease in processing resources

[From Metaverse ROAAMAP]. .....uuvuururmiiiiiiiiieiiieeeee e e e e e 31
Kryder's Law predicts exponehtjeowth in computer storage capacity

over time [From Metaverse ROAAMAP]. ...uuvurererriiiiiiiiiiiiieieeee e 32
Exponential growth in most ased computing resources is predicted

[From Metaverse ROAAMAP]. .....uuuurrrmmiiiiiiiiiiieieeeee e e e e 33
Amateur .X3D model is dispal using Media Machines Flux Player.......... 37
The Prim.Blender second build in Mandriva Linux. 2.16 kernel is used to

Create DASIC JBOMEBTIY .. ...t i e e e e e e et e e e e e e e e e e e e e e e e e e e eeeeeeeees 43
The Prim.Blender versifrt.0 on Blender 2.42a (running on Windows

XP OS) shows the basic primitive object types. .......cccevvvvviiveiiiiiiiiiieee e, 44
There are six key technokgythat drive computer games [Fr&®rious

Games: Games That Educate, Train, and Inf¢rm]................cccociiiiinnnnnee. 50
Simulations have progresseamhfiprofessional virtual trainers to

ubiquitous web applications for all users [From Metaverse Roadmap]. ......... 51
The creation of an OLIVE s@davatar is achieed through sliders............. 56

The OLIVE avatar maadully configurable checkpoint. ..............cccceeeeieeee. 57
This figure depicts OLIVESgile game development concept [From

0§ (=T = | R UTTT 58
An OLIVE soldier pats dovencitizen for hidden weapons at a manned

CRECKPOINT. ..ttt e e e e e e e e e e e eeeeeneeee 59

There! has a Gioim world appPearanCe..........cccccvvveeeeeeiiiii i 64
The De-babbler script is transigtiocal text into another language from

WIthIN SECONA LIf. ..o e e e 68
Second Life has the most confaiple avatar of the popular simulations. .....69
MPK20 provides a great examplé&adject Darkstar'sapabilities [From

Sun System’$roject DarkStal. .........uueeiieiiiiiieeeeeeeeeeeees e 74

Xi



Figure 27.

MPK20 is a vigial building extenishg upon IBM’s Menlo Park facility
USING ProjeCt DarkStar...........ccoeiiiiiiiiiiiiiiiiss s e e e e e e e e e eees

Xii



LIST OF TABLES

Table 1.Key features thate available in each simulation are denoted by an “X”

Xiii



THIS PAGE INTENTIONALLY LEFT BLANK

Xiv



LIST OF ACRONYMS AND ABBREVIATIONS

2D

3D

Al

API
ASF
C4ISR

CLEP
DEM
DIS
DOD
GMT
GUI
HLA
HUD
IDC
KML
LSL
IED
ICS
MMOG
MOVES
MUVE
NAT
NPS
OLIVE
OR

PC
SAVAGE

SDK
SL
SMAL
TEEM
UAV
VOIP
WWW
X3D
XML

Two Dimensional

Three Dimensional
Artificial Intelligence

Application Programming Interface
Acceleration Studies Foundation

Command, Control, Communiicens, Computers, Intelligence,
Surveillance, and Reconnaissance

College Level Examination Program

Digital Elevation Map

Distributed Interactive Simulation

Department of Defense

General Military Training or Greenwich Mean Time
Graphical User Interface

High Level Architecture

Heads-Up Display

International Data Corporation

Keyhole Markup Language

Linden Scripting Language

Improvised Explosive Device

Internet Connection Sharing

Massively Multiplayer Online Game

Modeling, Virtual Environments, and Simulation
Multiple User Virtual Environment

Network Address Translation

Naval Postgraduate School

On-Line Interactive Virtual Environment
Operations Research

Personal Computer

Scene Authoring and Vislimtion for Advanced Graphical
Environments

Software Developer’s Kit

Second Life

Savage Modeling and Analysis Language
Teachers Evaluating Educational Multimedia
Unmanned Aerial Vehicle

Voice over Internet Protocol

World Wide Web

Extensible 3D

Extensible Markup Language

XV



THIS PAGE INTENTIONALLY LEFT BLANK

XVi



ACKNOWLEDGMENTS

| would like to thank my wife, Gwendolyne, for her years of support, love and
patience. Without her | would not beetlperson | am today, and | would not have
finished this thesis.

| would like to thank the ModelingVirtual Environment, and Simulation
(MOVES) faculty at the Naval Postgradu&@ehool (NPS) for providing an incredible
learning environment. | would like tmdividually recognize Don Brutzman, Amela
Sadagic, Terry Norbraten, and CDR Joseplivéan for their help and guidance through
a thesis with a timeline filled with extraordiry circumstances. Finally, | would like to
thank the staff at NAVSOC, especially Jimump and CAPT Diane Cangelosi, for their

understanding and patience while my atamtivas pulled in two different directions.

XVii



THIS PAGE INTENTIONALLY LEFT BLANK

Xviii



l. INTRODUCTION

A. PROBLEM AND THESIS STATEMENT

Developing virtual environments is a taskenormous complexity and resources.
Often this cost and complexity have made developing them prohibitive for the United
States military, civilian businesses, and @tional institutions; or the development of
these virtual environments and simulatorguieed the contraatg of large software
development teams at the cost of many omki of dollars and man-hours. However,
freely developed virtual environments, sintola, and social networks have recently
become available that are poised to redetireeWorld Wide Web (www), as well as the
creation, purchase and utdizon of virtual environmds and simulations. The
possibility of creating a Metaverse of networked three-dimensional (3D) web applications
built around, and fully interactive with, the tvdimensional (2D) internet appears to be

dawning on the horizon.

These free online virtual environmentsrtual and mirror worlds, and social
networks provide a unique opportunity as wadl new difficulties in harnessing their
effectiveness for military or educational purposes. This thesis attempts to outline a future
path that can be taken to overcome sontbedge hurdles in establishing a presence in the
3D web and Metaverse. It examines what is required to use the existing military model
database of the Scene Authoring andsualization for Advanced Graphical
Environments (SAVAGE) project inside thesedtvirtual environments. It also analyzes
how the structure of thExtensible 3D language (X3D) k&s it an excellent solution as
the open source standard for 3D modelinghie World Wide Web as well as future
modeling engines designed forilitkary applications. It examines the feasibility of
creating an open source mirror world usipgpgrams such as X3D Earth or Google
Earth, specifically for military training and simation that is fully persistent and user-
content created. Specific applications thia military can utilize are analyzed to
determine which technology might best senartheeds and in what capacity to provide
a future roadmap of development of this persistent mirror world.
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B. MOTIVATION

Rather than creating a virtual world fil& own purposes, the military, as well as
most organizations, needs to embrace gbwer of collaboratively developed, user-
created worlds, and thus harness the frewlgilable libraries of content developed by
other users for other applications. Assteul of resources and under utilizing a
powerful tool as developing a strictly militaversion of the Internet might be, so too is
continuing to develop standalone simulatighat do not interacand network without
leveraging existing open source projects. Pangmanagers are beging to understand
this realization as more and more contragqtenjects are required to have their source
code be open in order to pext locking the government intime software vendor. Thus
GNU and other open-source projects are beweg more prevalent in the software
development realrh. By drawing on the vast resourcesthe content of Second Life,
There!, OLIVE (On-Line Interactive Wiual Environment), OpenSim, Project
Wonderland, Moove, and other developinfgee virtual environments and social
networks, the military might establish a very cost effective means of teleconferencing,
simulations, training, information repositoriesrtual chat, networking, and all of the
other uses that are being developed foreHese environments, but used within its own
persistent mirror world where they are freectmtrol the content, delivery, and security
of these applications. However, the unicqueerating requirements of the military will
require the creation of a mirror world wittifferent characteristics than any single
source, commercially developed applicatitmt is being developed to date. This
necessitates the use of an open standargddability and extensility of 2D and 3D

objects and applications, developed inestworlds of the emerging Metaverse.

It is far more cost effdive to start out with a contgtely fleshed out virtual
environment, filled with everything a usean imagine, and then eliminate undesirable
content until an acceptable virtual world remains as opposed to creating that virtual world

from scratch. Eliminating content only rerps a keystroke; buildg content requires

1 Government Computer News, GNC, “Navy CIO approves open-source software use,”
http://www.gcn.com/print/@_14/44462-1.html@pic=defense-technology&CREOTC-RSS, last accessed
August 2007.
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significant efforts and resources. This ig thower and versatility of using available
resources to match current training regueats. Harnessing the open source and open
standards library of X3D witkhe open source virtual environments provides a “pick and
choose” method of assembling free virtual/ienments and simulations and a mirror
world to meet those training requirementsDeveloping a mirror world (a virtual
environment based up upon very accurate gegnoétthe real world) using the lessons
learned, networking and architecture from the Massively Multiplayer Online Gaming
(MMOG) community can be a cost affordable way to implement this new virtual trainer
and simulator. Although no single source txithat entirely meets the needs of a
military and educational simulation, being abtechoose the best pieces and parts from
these simulations to flesh out a new simulator will drastically lower the development cost
and expenditure. This will remove the development of the training environment done
only by large software development companisolated from the military component
they are designing for, and will allow for development by in house design teams that are
much closer to the required design sfieaiions and are subject matter experts
themselves. This moves the training earment and simulationdm on shore training
facilities and warehoused computers towfard deployed warriors using commodity-
based personal computers (PC). Currently there is no ability for a small, forward
deployed command to effectively simulate @pcoming event using its own resources,
and these are often the usetsoweed this ability the most!

This transformative effect of placing training and simulation at the fingertips of
the war fighters, where it can most effeetivbe employed, can have other very useful
military applications that are examined later in this thesis. The majority of deployed
commands and units, which are doing some of the most important work of all military
branches, haveo simulation tools to analyze for s#tions they might encounter in a
short term scenario. Theyust rely on command exper@nor a simulation result run
from a separate facility to help formulates@aution to the problem. As discussed later,
combat operations that rely solely on expece is an option thditas proved lethal and
ineffective, as in the case of pilots since World War Il. Relying on a simulation solution
returned from another facility s runs the risk of error ansisues of timeliness. What is

3



needed is a small, fast, easy to use training and simulation suite that is able to run
effectively on commodity based personal pater equipment. This simulation suite
would preferably be open sourced, @sible, fully networked, and based on open
standards for future development. Tdenerated terrain providing the background for
this simulation would draw upon the power ather software sotions such as X3D
Earth, Google Earth, NASA Worl/ind, and Microsoft VirtuaEarth to provide a fully
interactive scenario based upon real worldaiarfor any portion of the Earth in a fully
persistent mirror world. Ideallyt would be able to pull fronall of those sources as
necessary, with the power and flexibility efther an open source standard of file
interchange or a software loader or conv@mrgirogram. When necesgderrain features
need to be updated, enemy or friendly catabt units added, or removed from the
scenario, or plug-ins to the simulation ergiare required to create a more accurate
simulation, the changes could be made g®rsonnel who need not be proficient
programmers or modelers. This is parttleé powerful basis of X3D — creatable 3D
content that can be credteand modified by anyone, ngust professional software
designers. Since the X3D standard is written in Extensible Markup Language (XML) as
opposed to a proprietary modeling format, thedel itself contains its own information

in its metadata to be used in the simolati This greatly facilates version control,
automation, modifiability, and extensibilitgven for remote units with poor network
connectivity. This should be the future goal of usability in military simulation and
training software: to be usable with therremt knowledge and traimg level of the war
fighter, not the programmer, and to be fard deployed at therfgertips of these war

fighters.
C. SCOPE OF THE THESIS

This thesis explores the following topics:

x It explores the feasibility of delaping a software program capable of
converting existing models in the X3D format into commercially
developed virtual worlds, such abhere!, Second Life, and Project

Darkstar.



X It examines the type of nebrking architecture each of these
environments uses, as well as #rehitecture used by MMOG, to help
determine how this mirror world can bestt itself up to take advantage of
these other development efforts.

x It analyzes how the world and modae created, and the rules that are
defined for each virtual world to termine if it is well suited for

importing into a military mirror world.

X It examines existing free virtuaknvironments and simulations to
determine the advantages and disadvantages, and possible uses, each one
possesses for military and education applications to determine how it can

be connected in a simulation Metaverse.

x It determines how best to proceed to move tools of simulation and online
virtual training forward to the depled commands, as well as shore-based

installations.

X Lastly, it provides a roadmap forward for educational and military
application of an open source mair world in the development and

creation of a new solution.
D. THESIS ORGANIZATION
The remainder of this thesis is organized into six chapters:
1. Chapter Il — Problem Overview: MMOG and Serious Games

Chapter Il describes the expanding fieldsefious gaming, and the explosion of
massively multiplayer online games. How cae thilitary best utilize these new tools?
What are the requirements inside eachuwirtworld for graphics, networking, and user
interaction to be useful faraining? What lessons hagame designers learned from
gaming and MMOGs that can be useful wigenstructing a virtuaénvironment capable

of supporting thousands of educators, trainers, users, students, and military members?



2. Chapter Ill — Related Work

This chapter analyzes what previousrkvénas been done in the area of X3D
model translation, virtual world creation, addvelopment of social networks, trainers,

and simulators that are capable afeating the requirements of this thesis.
3. Chapter IV — 3D Graphics Interoperability

By analyzing how the existing virtual wds develop in-game models, software
designers can determine if offline loaderd amodeling programs cdre used to populate
these worlds, and whether or not the virteavironment can be connected in Metaverse
fashion. This chapter also analyzes the pdgsiloif utilizing existing military models in
the X3D format for these virtual environmsrto provide a roadmap of connectivity

between the environments and the X3D standard.
4. Chapter V — Networking Interoperability

This chapter examines the protocoledidetween these virtual environments,
such as There! and Second Life, as wellosiser developing technologies such as
OpenSim, Project Darkstar, etc. By anatggthese network protocols, can tools such as
X3D better be designed to operate insitiese environments? Can these virtual
environments be seamlessly integratedaoce they proprietary? What options are
available to serve as the backdrop for oumnakrenvironment? Is it possible to develop a
virtual environment simulation that is usingda@ital projection of tle real world as its

geography?
5. Chapter VI — Informal Comparison of Virtual Environment Features

This chapter performs an informal mparison of the most relevant virtual
environments and simulations to answer thestions posed by thikesis. As each
virtual environment continues to evolvedaimprove over time, only general aspects of

each virtual environment are analyzed.



6. Chapter VIl — Conclusions and Recommendations

Chapter VII attempts to predict the future developments and research that can
follow from this thesis. It also details follow-on work that can further improve the
groundwork identified by this research a®ll as recommendations based upon the
knowledge and lessons learned from this study. This provides a basis for the
development of a fully persistent simulationttwithe geometry of the real world as the

virtual environment.
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.  PROBLEM OVERVIEW: MMOG AND SERIOUS GAMES

A. INTRODUCTION

Can video games be developed wherepttmary emphasis is placed on learning
and education, and fun has been placed in a secondary role? Can video game software
that has already been used to educate designed or redeployed to become a tool of
training and simulation? By analyzing ethevolution of computer technology in
simulations that have successfully transitome accepted training platforms, such as the
flight simulator, game designers can learmy serious games hold an attractive position
in the future of education. Developers casodkarn key insights ia particular genre of
gaming, the MMOG, that provide valuabiesight into the networking, design, and
development of a persistent world basgmbn real world geography. By using these
lessons learned it becomes possible to cragteoject that parallels the MMOG game
design architecture, but with the emphasis mlame training and usability of the eng