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ABSTRACT

Autonomous Underwater Vehicles (AUVS) are now being introduced into the
fleet to improve Mine Warfare cgpabilities. Severd AUV's are under government-
contracted development. Mission planning and data reporting vary between vehicles and
systems. This variaion does not pose an immediate problem, asonly one AUV is
typicaly in operation at any given time. However, as more AUVs are put into production,
cooperative operations will become possible and congstent misson commands will be
necessary for multiple AUVs. Without a single mission commeand language, multiple
sysems will require familiarity with multiple languages.

Extensible Markup Language (XML ) and related technologies may be used to
facilitate interoperability between dissmilar AUV's and extract and integrate misson data
into Navy C4l systems. XML makes archive maintenance easier, XML documents can be
accessed viaan http server, and, in root form, XML istrandferable on the fly by
styleshest.

This thes's presents an XM L-based misson command for the command and
control of AUVs. In addition, this thesis discusses XML technology and how XML isa
viable means of achieving interoperability. Furthermore, thisthesis provides an example
mission file usng exiging software, and demondrates the future of XML in AUV
technology. Findly, thiswork provides demongtration scripts and compelling arguments

for the use of an XML-based misson command language to command dl AUVs.



THISPAGE INTENTIONALLY LEFT BLANK



TABLE OF CONTENTS

INTRODUCTION ..ottt nneenna 1
A. THESISSTATEMENT ..o 1
B. OVERVIEW ... 1
C. OBJIECTIVES ... 2
D. THESISORGANIZATION ..ot 2
. MINE WARFARE DOCTRINE ... 5
A. INTRODUCTION ...ttt 5
B. MINE HISTORY Lottt e 5
C. MINEWARFARE ... 7
D. MINTING. ... e 7
E. MINE COUNTERMEASURES ........oooiiieeee s 9
F. SUMMARY o 12
1.  AUTONOMOUS UNDERWATER VEHICLES (AUVS) ..ccocoiiiiecieiesierieeieie 13
A. INTRODUCTION ..ot 13
B. LONG-TERM MINE RECONNAISSANCE SYSTEM (LM RS) ............. 14
C. REMOTE MINEHUNTING SYSTEM (RMS)...cccooiiiiiiieeeeiesee 15
D. BATTLESPACE PREPARATION AUTONOMOUS
UNDERWATER VEHICLE (BPAUV) ... 15
E. REMOTE ENVIRONMENTAL MONITORING UNITS (REMUS) ......16
F. AUV RESEARCH AT THE NAVAL POSTGRADUATE SCHOOL ......16
G. SUMMARY ettt r e r e nneens 17
V. INTRODUCTION TO XML AND XSLT ..ot 19
A INTRODUCTION ..ottt e 19
B. EXTENSIBLE MARKUP LANGUAGE (XML) oot 20
C. XML SCHEMAS ..o 22
D EXTENSBLE STYLESHEET LANGUAGE FOR
TRANSFORMATIONS (XSLT) cveitiiieeieeieieiesiesie s 23
E. SUMMARY ettt re e n e nne s 25
V. USING XML AND XSLT TO INCREASE AUV INTEROPERABILITY ....ccccevnunns 27
A. INTRODUCTION ..ottt 27
B. XML AND INTEROPERABILITY ot 27
C. CONSTRUCTING THE MISSION COMMAND LANGUAGE.............. 29
D. TRANSFORMING THE DOCUMENT ..o 30
E. ARCHIVING XML DATA e 30
F. SUMMARY Lo 31
VI. AUV SIMULATION WORKBENCH .....ooiiiiie e 33
A. INTRODUCTION ..ot 33
B. AUV WORKBENCH OVERVIEW ..o 33

Vi



C. DESCRIPTION OF USE OF TAGSET AND SCHEMA IN

CONJUNCTION WITH THE AUV WORKBENCH .......cccccevvriririenne. 35
D. CHAPTER SUMMARY ...ttt sttt 39
VIl. THE BIGGER PICTURE —INTEGRATION OF XML AND GCCSMEDAL.....41
A. INTRODUCTION.....coiiiisiesie sttt sttt sae e s saesse s e 41
B. GLOBAL COMMAND AND CONTROL SYSTEM (GCCS).....ccccenunee. 41
1. OVEIN VBt bbbttt bbb e ens 41
2. (700 a1 oT0 g1 01 S TSRS 41
C. GLOBAL COMMAND AND CONTROL SYSTEM - MARITIME........ 42
D. GCCSM I MEDAL ..ottt 42
1. OVEIN VBt bbbttt b b nreens 42
2. COMPONENTS ...t e e se e e be e neesaeesnneeas 42
3. Using MEDAL With AUVS ..ot 43
4, Solutionsto AUV —MEDAL Incompatibilities..........cccceevrcvennnnen. 44
E. SUMMARY ettt st sttt se e aentesaessennenreens 47
VI, FUTURE CONCEPTS ... .ottt et sttt nae e saesnesnennens 49
A. UNDERWATER COMMUNICATIONS......cooiiirerireneeee e 49
B. XML SERIALIZATION .ottt sttt s 49
C. FORWARD ERROR CORRECTION (FEC) ..cccvoiiivieieieiesese e 50
D. USING SERIALIZATION TO IMPROVE UNDERWATER
COMMUNICATIONS ...ttt st 50
E. SEMANTIC WEB AND APPLICATIONS......ccctiieereeeeeere e 51
F. SECURITY APPLICATIONS.......ce ettt 51
G. SUMMARY ettt bbbt b e b b nreens 52
IX. CONCLUSIONSAND RECOMMENDATIONS.......ccootreiteieeseeeeie e e 53
A. CONCLUSIONS: AUVS AND XML .ooiiiiieeesiese e 53
B. THE BIGGER PICTURE ...ttt 54
C. RECOMMENDATIONS FOR FUTURE WORKS AND CONCEPTS...54
APPENDIX A ABBREVIATIONS......c.o ottt 57
APPENDIX B AUV  MISSION COMMAND AND TELEMETRY
LANGUAGE DEFINITIONS: XML SCHEMA ...t 59
APPENDIX D SOFTWARE AVAILABILITY ot 83
1. INTRODUCTION ..ottt eete ettt sae e sneene s 83
2. XML-BASED COMMON MISSION AND DATA FORMATTING
LANGUAGE ..ottt st nae st snesnenneas 83
APPENDIX F — PROPOSED AUV NAMESPACE......iiececeeeeeeeeeese e 99
APPENDIX G — CNO INTERVIEW: NPS OFFERS INNOVATION AND
ASYMMETRIC ADVANTAGE. ...t 105
LIST OF REFERENCES .......ooi ittt sttt snennennens 107
INITIAL DISTRIBUTION LIST .ot 113

viii



Figure 1.
Figure 2.

Figure 3.
Figure 4.

Figure5.
FHgure 6.
Figure7.

Figure 8.
Figure 9.

Figure 10.
Figure 11.

Figure 12.

Figure 13.
Figure 14.
Fgure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.

Figure 20.
Figure 21.
Figure 22.

Figure 23.
Figure 24.

LIST OF FIGURES

Bushnell Keg Mine (From The Bushnell Keg Mine, 2003) ........cccccoeeveneriene. 5
MK56 ASW mine, the oldest ill in use (From Navy Fact File Navad

MINES, 2003) ...veveeeeriieiieiieieie et sre s s et e ste st b sreeseese et e e e ee st benreens 6
Mine Warfare Areas of Operation (From Marshall, Lehr, 1998) .............cc....... 7
Confederate torpedo waiting for a target. (From Navad Mine History

AN | SO 8
USS AVENGER cass Mine Countermeasures Ship (From USS

AVENGER MCM 1) ..ottt st 9
USS RAVEN (MHC 61) Osprey Class. (From Navy Fact File Coastd

Mine HUuNters, JUNE 2003) ........ccerueeriererrieenieeeesee e seesieesseseesseeseesessseesaesnnens 10
AN/SLQ-48 Mine Neutrdization Sysem (From AN/SLQ-48 Mine

Neutralization System, 2003).........cccciveieereereeieeneere e see e eeesee e eeeseesreeeeas 11
UUV Master Plan Summary Road Map (From Fletcher, 2000)...................... 13
Long Term Mine Reconnassance Sysem (LMRS) (From Long Term

Mine Reconnaissance System (Web)) ......cooveeviieieeie e 14
AN/WLD-1 Remote Minehunting System (RMS) (From RMS Brochure).....15
REMUS Vaiants “Darter,” “Crevdle” and “Gudgeon” (left to right)

(WeeKIEy, 2003)......cceiiereeieieeesiesiese e ee e saesae e sresse s e se e e e naesaessesresrenns 16
NPS ARIES on Deployment (From NPS Center for AUV Research, June

200 ) ST 17
Sample XML file (From ‘“What iS XSL? 2003).......ccccrvererierieeieenienieniesieseennes 20
SGML — XML Relationship (From Just what is XML? June 2003) ............... 21
XML Schema Validation Process (From Serin, 2003) .......cccccveveeveeiiieesieenn, 23
Sample XSLT (From What 1S XSL?)...c.coieiieeeresereseeee e 24
Sample Output (From What IS XSL?) .cuveceeeeiece e 25
XML Interoperability (After Wrox Diagram).........ccccceveeeeieeieeciieeseesireesiee e 27
Demongration of XSLT Functions (From XML — An Introduction, June

2200 ) S 30
XML Archiving Process (From Ipedo Web, June 2003)..........ccccceeevveeeeneenee. 31
Interface of AUV Workbench (Gruneisen and Henriet, 2002)............cccceneee. 34
GCCS/MEDAL displaying Asset and Contact Pogtions. (From Weekley,

1200 ) SO 44
The ADS Graphical User Interface (From Weekley, 2003) .......c.ccccevcvvevnennne 45
XML Spy Not Valid and Not Well-Formed Errors. ........ceoeveienenenenenienne 45



THISPAGE INTENTIONALLY LEFT BLANK



Tablel
Table2

LIST OF TABLES

XML Design Goals (After W3C, 2003) .....ooeeereerreeeerine

Schema Definitions (After Introduction to XML Schema)

X



THISPAGE INTENTIONALLY LEFT BLANK

Xii



ACKNOWLEDGMENTS

We would like to express our sincere thanks to Dr. Don Brutzman, Doug Horner,
Jeff Weekley, and Dr. Tony Hedey for your motivation and support throughout this

study.
We would dso thank you for your guidance, wisdom, patience and enthusasm

throughout this project. Y our efforts have made this an invaluable learning experience.

Xiii



THISPAGE INTENTIONALLY LEFT BLANK

Xiv



EXECUTIVE SUMMARY

The U.S. Navy has been participating in Mine Warfare since the eighteenth
century. While advancements have been made in mining, advancementsin mine
countermeasures had come to a stand ill until the past severd decades. While some
improvement has been made, any dassfication and neutrdization sill usudly involves
the risk of an expensive piece of equipment, at best, or ahuman life, a wordt.

Autonomous Underwater Vehicles (AUVS) are an increasingly popular solution to
the problem of human involvement in mine hunting and countermeasures. Today, AUV
technology isa apoint that an individua AUV can be tasked to search for mines or
collect bathymetry and environmenta data. However, contracts for severa different
vehicles have been given to severd different commerciad companies. While each vehicle
isintended for a separate area of operation, the probakility that one command will one-
day use severd vehiclesis strong. Thisis a problem because AUVs currently have no
sandardized misson planning language. As aresult, multiple vehicleswill require
familiarity with multiple command languages and vehicles.

Mogt AUVsare commercidly developed, and thus contain proprietary
information. One of the biggest chalenges facing the Navy’s use of AUV sisthe ability
of the vehicle to communicate with others and to interface with Joint Command &
Control, Communications, Computers and Intelligence (C*1) systems. The lack of a
common language creates a barrier between vehicles, and makes command and control of
the AUVs more difficult

A solution to thisinteroperability problem isthe use of the Extensible Markup
Language (XML ) and related technologies to create a mission command language. XML
can be used to write logically, consstent and complete tasking orders. In addition, related
technologies, such as Extengible Stylesheet Language for Transformations (XSLT) can
be used to transform the XM L-based tasking order into a text-based command file to task
the AUV, or can be used to transform text-based outputs into a desired format for
uploading into Joint C*1 Systems.



A preiminary set of XML eements and attributes describing a mission was
devel oped based on the command language for the Nava Postgraduate School’s (NPS)
AUV. Some tags were chosen based on dready exigting tags in the DoD XML Regisiry.
However, many of the necessary tags had not aready been defined in other Namespaces.
As areault, a proposed namespace specificaly for AUVs was devel oped.

In addition to the tagset, a XML Schema Document was developed to validate
misson-tasking orders. Findly, as an experimentd test, an XSLT template was
developed to transform an XML document into atext file to be inputted into the NPS
AUV Workbench, avirtud smulation of AUV missons. Using XML and rdated
technologies, generating virtudly any type of datafileis possble. Follow onwork in this
areaincludes the refinement of this language to be able to command al types of AUVs.

Another area of future work isto transform the collected data from any AUV
mission into aform that is both validatable and machine readable, again using XML. This
data can be incorporated into existing systems such as the Globa Command and Control
System, and such future concepts as the Semantic Web.

Findly, due to a hogtile environment, underwater acoustic communications are
fundamentally dow, insecure, and low-bandwidth. Other future work includes the
development of binary compression, forward error correction, and XML digita
sgnatures to work with AUV. Many of these issues have been addressed in other aress,
and can be applied to underwater communications relatively eesly.



INTRODUCTION

A. THESISSTATEMENT

Autonomous Underwater Vehicles (AUVS) currently have no standardized mission
planning language and no uniform form for data output. The Extensble Markup Language
(XML) and related technologies can be used to write logically, consistent and complete tasking
orders. Data collection and metadata annotation can aso be regulated. This approach will
facilitate interoperability between dissmilar AUVs and extract and integrate misson data into
Navy Command & Control, Communications, Computers and Intelligence (C*1) systems.

B. OVERVIEW

AUVsare now being developed and introduced into the fleet to improve Mine Warfare
capabilities. A family of diverse AUVsisbeing developed to accomplish this broad task. For
these AUV sto be operationdly effective, misson planning and data aggregation needs to be
sample and transparent to the user. With such messaging support, one person can task and collect

data from multiple vehicles without having to learn severd different sysems

Severd AUVs are under government-contracted development. Mission planning and data
reporting vary between each vehicle and system. This does not pose an immediate problem for
each AUV team, asonly one AUV isin production, and only one subject matter expert (SME) is
needed to run tasks on an AUV for amission. However, as more AUVs are put into production,
commands will begin to get more than one AUV. Until ameansto control dl of the AUVswith
one language is developed, an SVIE will be needed for each type of AUV, leading to multiple
SMEs within acommand.

XML and Extengble Stylesheet Language for Transformation (XSLT) can be used to
creste a common mission planning and data formatting language for AUV's is a cogt-effective

means of achieving interoperability.

XML isamarkup language and a World Wide Web (WWW) standard defined by the
World Wide Web Consortium (W3C). XML isamarkup language that provides structurd
information for documents. This structure defines the precise roles and rdaionships in which the
information mugt follow within the document. A markup language defines the structure of a

particular document. The XML specification defines a standard way to add markup to documents
1



(Wash, 1998). XML differs from other markup languages because it does not directly specify
how information is to be presented, but rather defines the structure (and thus semantics) of the
information.

XSLT isacomponent of XSL (Extensible Stylesheet Language). XSL is alanguage for
expressing style sheets. It consgts of three parts: XSLT (alanguage for transforming XML
documents), XPath (alanguage for defining parts of an XML document), and XSL Formatting
Objects (a vocabulary for formatting XML documents).

Think of XSL as alanguage that canfilter and sort XML data, alanguage that can define
parts of an XML document, alanguage that can format XML data based on the data vaue, like
displaying negative numbersin red, and alanguage that can output XML data to different
devices, like screen, paper or voice. (www.w3schools.com/xd/xd intro.asp accessed May 2003)

By usng XML and XSLT, interested and even competing entities will be able to
maintain their existing formats without adhering to an agreed upon standard. In addition to
avoiding problems of adhering to a standard, the use of XML and XSLT can avoid
disagreements in creating a standard.

C. OBJECTIVES

The objective of this thesisis to address the command and control (C?) aspects of using
XML to increase the utility of AUVs. XML programming will be addressed. Current mine
warfare doctrine will be discussed only to introduce the topic and the need for this study. AUV's
will also be introduced to clarify the need for a master control document. The operational
limitations of existing AUV swill be discussed with regard to how these limitations affect C2,
and dso the future roles of AUV's and how a common vernacular could be helpful.
D. THESISORGANIZATION

Chapter 11 discusses the Navy’s mine warfare doctrine, the current practices and the
future of mine warfare. This chapter dso examinesthe use of AUVsin mine warfare. Chapter 11
examines various AUVs, ther uses, and their operationd limitations. This chapter aso examines
the C2 aspects of these limitations. Chapter 1V provides a brief history of XML, XSL and XSD,
providing a detailed description of the W3C recommendations and what they are used for.
Chapter V demondirates a candidate vocabulary usng XML to write amaster mission-tasking

document. XSL is then used to write style sheets that exchange data. This chapter will dso
2



address the XML tagset necessary to write these documents. Chapter VI includes test runs of the
process of going from XML Misson document thru the XSLT to outputs to the AUV. Chapter
VIl discusses the use of XML and XSL to exchange information between the GCCS MEDAL
system and the AUV XML mission-tasking document. Chapter V111 addresses the impact of the
Semantic Web on AUVs, and potential XML seridization for underwater communicetions. Data
compression and security aspects of XML and related technologies are briefly addressed.
Chapter 1X discusses other work that needs to be done for unmanned undersea vehicle (UUV)
common control sation smilar to unmanned agrid vehide (UAV) dtation, UAVS, Divers,

Marine mammals, Submarines, Explosive Ordnance Disposal (EOD) teams, and Mine Warfare
Underwater Control Station.



THISPAGE INTENTIONALLY LEFT BLANK



II.  MINE WARFARE DOCTRINE

A. INTRODUCTION

The Navy and Marine Corps ‘ Forward...From the Sed strategic concept has expanded
naval operationsinto the littoras, an area where mines can be both a severe threst to the U.S.
forces and aforce multiplier againg other forces. An effective Mine Warfare (MIW) forceis
necessary to ensure the Fleet’ s ability to carry out operations both in the open ocean and in the
littorals. (After CSS Webpage, 2003)
B. MINE HISTORY

Early mines, developed by nava inventors such as David Bushndll and Robert Fulton,
centered on the idea of driking ship’s hulls with as explosive device. However, these keg mines
were usudly not in agtationary field, but were instead propelled by currents, harpoons, or
underwater craft. These early mines were primitive, but inventors solved such problems as
maintaining waterproof chambers for explosives and devisng atrigger device. Until the second
haf of the nineteenth century, most magor navies were not interested in mines, and saw them as
wegpons of gates with weak navies. (After Mine Warfare History, 2003)

Figurel. Bushndl Keg Mine (From The Bushndl Keg Mine, 2003)
During the second hdf of the nineteenth century, Russansin the Crimean War and the
Confederacy used mines effectively during the Civil War. Mines became a common coastal

5



defense by the weaker navd powers forcing the U.S. Navy to investigate a variety of mine
countermeasures. However, most mine countermeasures, while technicaly effective, were
cumbersome, and no dramatic improvements from the previous fifty years occurred. (After Mine
Warfare History, 2003)

By World War |, mines began to play asgnificant role in nava operations, and out of
necessity, mine countermeasures became critica, especidly to the Allies. Many advancesin
mine warfare occurred during WWI, and the United States acquired new skills and equipment
needed to sweep some types of modern mines more effectively. However, in the years following
WWI, the U.S. Navy made little progress in mine warfare, and in some areas, actudly regressed,
due to budget congtraints, loss of experienced personnel, and lack of bureaucratic clout. (After
Mine Warfare History (Web))

Figure2. MK56 ASW mine, the oldet till in use (From Navy Fact File: Naval Mines, 2003)
Asin WWI, mine warfare played akey rolein World War 11. By the end of the war, the

United States had the world' s largest minesweeping fleet, and had built up its own experience

levels WWII featured Sgnificant improvements in countermeasures, but the Allies were never

completely successful in neutraizing the threat of mines. Throughout the Korean War, mines

were eadly one of the most dangerous weapons that the U.S. Navy faced. Thisthreat caused

renewed interest in mine countermeasures, which continued into the 1960s. However, in the

early years of the Vietnam conflict, mines were not used in the same open ocean setting as

6



before. Mine countermeasures ships were required to operate in coastal aress, as part of a
combined arms force. As aresult, the Navy began emphasizing arborne mine countermeasures
ingtead. (After Mine Warfare History, 2003)

Mines are relatively inexpensive, easy to procure, are difficult to track, and have a highly
favorable return on investment. In addition, they are certain to play an important role in future
engagements, especidly in joint littord warfare. Despite dl of this, the United States Navy has
devoted comparatively fewer resources to the development of mine warfare. (Mine Warfare
History, 2003)

C. MINE WARFARE

Mine warfare (MIW) is defined as “the strategic and tactica use of seamines and their
countermeasures,” (From Mine Warfare. NWP 3-15. Department of the Navy. August 1999. 1-2)
and includes offensive, defensive and protective measures for laying and countering sea mines.
Mine warfare can be broken into two distinct subdivisions — mining and mine countermeasures
(MCM). Mining encompasses designing, producing, laying mines, while mine countermeasures
covers the efforts of designing, producing and operating dl forms of MCM equipment. (After
Mine Warfare. 1-2)

D. MINING

ourf Zome & CLZ  Very Shallowe  Shallow Wartreesmeeiiater
WIS | over2o

L Obstacles
& Anti-Invasion
Bottom
. Mopren
I FHoating
| Buried/ ] _.". ] ,[
-’ Partially Moored Floating Rising

Anti-Invasion Buried Bottom
Figure3.  Mine Warfare Areas of Operation (From Marshall, Lehr, 1998)
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For purposes of mine warfare, the littorals are broken down into severa aress of
operation. The area closest to the shoreline, called the surf zone or the coastd landing zone
(CLZ), extends from water zero to ten feet deep. Typicdly, obstacles and anti-invason mines are
placed in this zone, as well as bottom, moored, and floating mines. The next zone isthe very
shalow water area, and covers water depths from 10 to 40 feet. The shallow water area covers
40 to 200 feet, and deep water extends to water greater than 200 feet deep. These last three areas
typicaly contain buried or partidly buried bottom mines, moored, floating, and risng mines.

These areas can be seenin Figure 3.

Mining operations support the task of establishing and maintaining control of sea aress
by usng naval minesto inflict damage on enemy shipping and/or hinder, disrupt, and deny
enemy sea operations. Mining operations have an advantage over other nava operations, because
amingfidd can inflict mgor long-term damage, without alowing for retaiatory action againgt
the mine-laying force. In addition, amineis armed 24 hours aday, from thetime it is armed,
until it is countered, or its useful life expires. (After Mine Warfare. 1-2)

Other advantages of mines include their covertness and surprise, their psychological
effect on an enemy, and their ability to act as aforce multiplier. In addition, the mine might be
the only wespon that can apparently alter geography, as an area that has been mined must be
avoided asif it were land. Findly, dl of these advantages can be effective, even if the use of the
mineisonly smulaed or threstened. The actud detonation of the mine might not bea
sgnificant factor in the effectiveness of the mines. (After Mine Warfare, 2-1)

Figure4.  Confederate torpedo waiting for atarget. (From Nava Mine History [AMCM])
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A min€ s passve nature produces most of its advantages, but dso isits primary
weekness. A mine must wait for atarget and once laid, it does not discriminate. The Stationary
mine gives the target an opportunity to detect and then avoid or counter the minefield. Other
disadvantages of mining include materid degradation of the mine, and battery sengtivity to
temperature. Another disadvantage of mining is the depth redtrictions on where mines can be
lad. (After Mine Warfare. 2-1)

E. MINE COUNTERMEASURES

Figure5. USSAVENGER class Mine Countermeasures Ship (From USS AVENGER MCM 1)
MCM are classified as ether defensive (enabling) or offensve (proactive). Offensve
MCM are intended to prevent mines from being laid, and they eiminate the need for defensve
MCM. Defensve MCM are classified as passve, preventing interaction between amine and
target, or active, which is reactive and involvesinterfacing directly with mines. (After Mine
Warfare 3-1)

Offensve MCM intends to render ineffective one or more links in the mine laying
process. Offensve MCM can be accomplished by destroying or disabling mines before they can
be laid, destroying the enemy’s mine laying cgpability, or mining to trgp the enemy’s shipsin

9



port. Offensve MCM operations can be executed by strike or specia operations forces, which
have the capability of ddivering an attack. (After Mine Warfare. 3-1)

Unlike offensve MCM, the objective of defensve MCM isto reduce the effectiveness of
exiging mingfidds. Defensve MCM s divided into active and passve MCM. Passve MCM can
be divided into three categories. The first category islocating the threat through long-term
intelligence collection, increased surveillance, and reconnaissance. After the threet is located, it
must be localized. Locdizing the threat means reducing the areaiin which shipping may be
exposed to mines. The fina category of passve MCM is reducing the risk. The primary means of
reducing therisk for MCM forces are practicing precise navigation and influence sgnature
control. (After Mine Warfare. 3-3)

Figure6. USSRAVEN (MHC 61) Osprey Class. (From Navy Fact File: Coasta Mine Hunters,
June 2003)

Active defensve MCM reduce the effectiveness of minefieds by removing mines,
destroying them in place, or neutraizing them. Active MCM indudes mine hunting and
mineswesgping. Mine hunting is determining the location of minein order to avoid, remove,
render harmless, or destroy each mine. Mine hunting can be acoustic, magnetic, or optica;
arcraft radar has also been used, but it has not produced dependable results. Minesweeping uses
mechanica, magnetic, influence, or acoustic sweeps to cut the mooring cable of the mine or to
actuate the mine. Generd MCM procedure is to mine hunt when environmental conditions
permit and mineswegp when mine hunting is not possible. Thisis because mine hunting in a
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favorable environment is much safer for MCM assets than minesweeping. (After Mine Warfare.
3-5-3-7)

Figure7.  AN/SLQ-48 Mine Neutrdization System (From AN/SLQ-48 Mine Neutrdization
System, 2003)

After amineislocated through mine hunting or minesweeping, it must be neutraized or

countermined. One way to accomplish countermining isto use an explosive charge to cause the
mine to detonate. A disadvantage of thisis the requirement of alarge explosive charge and/or
closer placement to the mine, which may involve higher risk to the diver, ROV, or AUV.
Alternatively, neutralization uses an explosive charge to damage the mine mechanism or rupture
and flood the mine case. The mgjor disadvantage of mine neutraization is that the mine case
stays on the bottom without detonating the explosives. Other options include remova, which is
relocation of a mine to an areawhere it poses no hazard and can be countermined or neutrdized
at alater time, or recovery, for the benefit of exploitation and andyss. (After Mine Warfare. 3-
14 - 3-15)
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F. SUMMARY

Mine warfare began in the 1700’ s with the use of ‘torpedoes’ that floated, waiting to be
struck by a passing ship. Since then, advancements have been made in the mining area of mine
warfare, but little has been done to improve mine countermeasures. Offensve mine
countermeasures usudly involve the destruction of alink in the enemy’s mine-laying
capabilities, while defendve mine countermeasures usudly reduce the effectiveness of a
minefidd. While mine warfare has begun to improvein the last severd decades, any type of
mine neutrdization gill requires the involvement of either an expensive piece of equipment or an
Explosive Ordnance Disposa (EOD) Officer.
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1. AUTONOMOUSUNDERWATER VEHICLES (AUVS)

A. INTRODUCTION

Unmanned Underwater Vehicles (UUVs) are rapidly becoming akey player in the
battlespace. With increasing littoral thrests, autonomous underwater vehicles provide a capable
option for meeting the Navy’ s needs. There are hundreds of UUVs and AUV s under
development or commercidly available, yet the fleet haslittle UUV based technology. Based on
the pace of technology in the year 2000, a study team at Space and Navd Warfare Systems
Center developed avison of battlefield dominance via unmanned systems 50 years from now.
Sx yearsearlier, in the 1994 UUV Magter Plan, four priorities were established:

1. “Near-term stopgap mine reconnaissance capability

2. Gregtly improved, higher-performance mine reconnai ssance capability

3. Survelllance, intelligence collection, and tactical oceanography capability

4. Research and development of enabling technologies for future UUV missons”
(From Fletcher, 2000)

From thisligt of priorities, the Near- Term Mine Reconnaissance System and the Long-

Term Mine Reconnaissance Systems evolved.
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engineering.”(From Fetcher, 2000) Technologies to be developed include autonomy,
communications and sensors. The mgor focus of thisthess is on the development of increased

communications among autonomous underwater vehicles (AUV'S). Communications for any
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sngle AUV or UUV isnot amgor problem, as the mgjor concerns include available bandwidth,
range, and covertness. However, communications among multiple vehicles operating together
pose a much bigger chdlenge. (After Fletcher 2000) Currently, multiple AUVs are under
development. Independently, each AUV is quite beneficid to the user, as a means of performing
missions such as maritime reconnai ssance, undersea search and survey, and
communicationsg/navigation aids to submarine track and trall. (After Whitman, 2002) Being able
to task various AUV's using a common mission planning language greetly increases the benefit of
AUVs.

B. LONG-TERM MINE RECONNAISSANCE SYSTEM (LMRS)

Figure9. Long Term Mine Reconnaissance System (LMRS) (From Long Term Mine
Reconnaissance System (Web))

The LMRS evolved from the second priority of the 1994 UUV Program Plan: “ Grestly
improved mine reconnai ssance capability.” (From Fletcher, 2000) In October 1999, a four-year
development contract was awarded for initial operational capability in 2003. (After Fetcher,
2000) The LMRSisaUUV system capable of being launched clandestinely from a SSN688/688|
or NSSN class submarine. (After Long—Term Mine Reconnaissance System (LMRS)) The
system congsts of a 21-inch diameter autonomous vehicle that would be stowed in the
submarine s torpedo room, and could be launched and recovered through the torpedo
tubes.(After LMRS ORD) Each vehicle was designed with forward and side-looking mine
detection and classfication sonar, as well as a homing/docking sonar. (After Long Term Mine

Reconnai ssance System)
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C. REMOTE MINEHUNTING SYSTEM (RMYS)

Figure 10.  AN/WLD-1 Remote Minehunting System (RMS) (From RMS Brochure)

A second UUV isthe Remote Minehunting System (RMS), “an organic, off-board system
that will be launched, operated, and recovered from a host surface ship and will employ mine
reconnaissance sensors.” (From AN/WLD-1 Remote Minehunting System (Web)) RMSis
intended for use in meeting the demand for over-the-horizon mine reconnaissance in support of
anindividud ship’'s misson, and dso to prepare for the arrivd of follow-on forces. The RMS
will be used for reconnai ssance againgt bottom and moored minesin deep water to a portion of
the very shalow water.(From AN/WLD-1 Remote Minehunting System (Web) ) The RMS will
be operated and maintained by a surface ship, but will have sef-contained command/control,
propulsion, power, and navigationa capabilities. (From AN/WLD-1 Remote Minehunting

System (Web))
D.  BATTLESPACE PREPARATION AUTONOMOUSUNDERWATER VEHICLE
(BPAUV)

The BPAUV isa“smdl, fast underwater robot that maps the ocean bottom near the
shore, detects changes in inshore conditions, and hints mines.” (From NPS/CIRPAS Activity
Statement, 2001) Because it isalarger unit, it is able to survey waters up to 300 meters deep, and
conduct mine-hunting missons, and wide-area bottom mgpping. (After Rose, 2002) However,
because Bluefin Robotics Corp developed the BPAUV commercidly, dements such asthe
source code are proprietary and may not be changed by any other company to provide new
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functiondlity. (After Naval Coastd Sea Systems) This dilemma begins to introduce the need for
creating acommon mission and data formatting language for autonomous underwater vehicles
using non-proprietary XML.

E. REMOTE ENVIRONMENTAL MONITORING UNITS (REMUS)

The REMUS isalow-cost AUV developed by and commercidly available from the
Oceanographic Systems Laboratory at WWoods Hole Oceanographic Ingtitute for coastal
monitoring and multi-vehicle survey operations. (After WHOI at Sea) REMUS operates in depths
from 10 to 66 feet and can be deployed by one or two men from asmal craft without hoigts.
Ancther sdlling point of the REMUS isthat data is downloadable into MEDAL format. (After
Commerce Business Daily, 2001) Like the BPAUV, REMUS was developed commercialy, and
all source code is proprietary. Therefore, no other company can design and implement changes to

the source code.

Figure1l. REMUS Vaiants“Darter,” “Crevale” and “Gudgeon” (left to right) (Weekley, 2003)

F. AUV RESEARCH AT THE NAVAL POSTGRADUATE SCHOOL

The Naval Postgraduate School’s (NPS) Center for AUV Research began in 1987, asa
combined effort of the Departments of Mechanica Engineering, Computer Science, and
Electrica and Computer Engineering. The Navy’sinterest in developing underwater vehicles for
use in clandestine mine operations was very influentid in the forming of the center. The Office
of Nava Research sponsors most of the research performed by the Center, in collaboration with
the Horida Atlantic University, with other funding coming from the Nationa Science
Foundetion and the Naval Explosive Ordnance Disposal (EOD) Technical Head. The Center has
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developed and tested three AUV's. The NPS AUV | and PHOENIX AUV are no longer in use by
the Center, as the multi vehicle network server Acoustic Radio Information Exchange Server
(ARIES) is currently operationd in the Monterey Bay. In addition to ARIES, NPS has recently
acquired the commercidly built REMUS for other research.

The ARIES has been atest-bed for “devel opment and evauation of nortlinear and
adaptive control of vehicle motion. It has supported experimenta work in system identification,
and the development of high-speed graphics based physica modeling.” (After NPS Center for
AUV Research, June 2003) Numerous graduate and doctoral students have worked with ARIES
as a communications server vehicle. The vehicle is aso being used to develop low cost
underwater navigation capabilities usng commercid off the shef (COTS) systems.

Figure12. NPSARIES on Deployment (From NPS Center for AUV Research, June 2003)

G. SUMMARY

Mog existing and emerging AUVs are commercidly developed, and thus contain
proprietary information. One of the biggest chalenges facing the Navy’ s use of AUVsisthe
ability of the vehicle to communicate with others and to interface with the GCCS-MEDAL
system, which will be discussed further in Chapter 7. The lack of a common language creates a
barrier between vehicles, and makes command and control of the AUV's more difficult.
Redricting development by impaosing a common language requirement is neither feasible nor
cost-effective. At this point, XML appears to be the best option for creeting a common mission
and data scripting language for AUVs. By DaD directive, the use of XML must be non
proprietary, which would iminate the need to dways return to the devel oper when changes
must be made.
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V. INTRODUCTION TO XML AND XSLT

A. INTRODUCTION

To begin adiscussion about Extensible Markup Language (XML ), one must talk about
the World Wide Web Consortium (W3C). “The World Wide Web Consortium was created in
October 1994 to lead the World Wide Web to its full potentia by developing common protocols
that promote its evolution and ensureitsinteroperability.” (After W3C, 2003) It doesthis by
developing technologies, specifications, guiddines, software, and tools that will create aforum
for information, commerce, ingpiration, independent thought, and collective understanding. The
design goasfor XML are shown in the table below.

1. XML shdl be sraghtforwardly usable over the Internet.

2. XML shdl support awide variety of gpplications.

3. XML shdl be competible with SGML.

4. It shdl be easy to write programs that process XML documents.

5. The number of optiond featuresin XML isto be kept to the absolute minimum, idedlly zero.

6. XML documents should be humanly legible and reasonably clear.

7. The XML design should be prepared quickly.

8. The design of XML shdl be forma and concise.

9. XML documents shdl be easy to create.

10. Tersenessin XML markup is of minima importance.

Tablel XML Design Goals (After W3C, 2003)

Before XML, there was Standard Generalized Markup Language (SGML). “SGML isa
meta language (i.e., alanguage for creating other languages) that is used to create markup
languages, such as Hypertext Markup Language (HTML).” (From Deitel, Deitdl, Nieto, Lin, and
Sadhu, 2001)
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B. EXTENSIBLE MARKUP LANGUAGE (XML)

A Working Group of twelve professonas with significant shared experience, both with
the World Wide Web and with using computers to process and manage information usng SGML
came together. The Web was growing exponentidly and they wanted to use it to publish their
SGML-encoded information. Although SGML was aten-year-old technology, it was very
powerful and it made information reusable. It had the ability to describe information in away
that was system+-independent. But SGML had its problems; it was difficult to learn, its
acceptance was limited to documentation professonas, and it was very difficult to use SGML
with this new medium known as the Web. The group formed around the idea that the two
technologies could be made to work together to make it easier to share and reuse information.
(After Berners-Lee with Fischetti, 1999)

Working under the auspices of the W3C, they embarked on ajourney to create this
nameless subset of SGML which would make it easy to use on the Internet, support awide
variety of applications, be compatible with SGML, and, ultimately, change the world. The god
of bringing together the two powerful ideas of the Web and of descriptive markup energized the
group and drove them to work evenings and meeting by teleconference. Whenever we lost our
way, someone would ask, “Is this feature necessary for success?’ The group worked to transform
these god's and experiencesinto aforma language, alanguage designed to make sharing
reusable information ubiquitous. This became known as XML.
<scene>

<FX>Generd Road Building noises.</FX>
<gpeech speaker="Prosser">
Come off it Mr Dent, you cantwin
you know. Therés no point in lying
down in the path of progress.
</speech>
<gpeech spesker="Arthur">
I've gone off the idea of progress.
It's overrated
</speech>
</scene>
Figure 13. Sample XML file (From ‘What is XSL? 2003)

The group knew SGML was the best gpproach for reusing the kinds of information they
worked with, but they needed to make SGML eader to learn, understand, and implement, while

retaining its core vaues, “SGML fit for the Web.” The core vaue of SGML that they wanted to
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build into XML was that of “descriptive markup." “Markup is information inserted into a
document that computers use; in the case of SGML, markup takes the form of tagsinserted into
documents to mark their structure. Descriptive markup uses markup to labd the structure and
other properties of information in away that isindependent of both the system it's created on and
of the processing to be performed on it.” (From Hollander and Sperberg-M cQueen 2003)
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Figure14. SGML — XML Rdationship (From Just what is XML? June 2003)

They wanted XML, like SGML, to be a meta-language. They wanted it to cregte
vocabularies that is relevant to their information and to enable user-defined, processng-
independent markup that are easier to reuse and can be processed in new and often unexpected
ways.

SGML, fit for the Web, would make it easy and reliable for computers (and humans) to
use descriptive, structurd markup in their documents. By using descriptive deta tags, the
information owner can make documents into semantically rich data and avoid what they cdled
“crufty tag sdlad”, presentationoriented markup used just because it looks right.

The result was a 25-page XML specification that could be easily learned and
implemented. XML, a meta-language that dlows desgn markup languages that describes what is
important to the user. It provides dements and attributes to capture logica structure and enables
semantic understanding. They were able to balance features against complexity. Ther practica
litmustest “isit necessary for success?’ helped us create alanguage fit for the Web.
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A dataobject isan XML document if it iswell formed, and may aso be vdid if it meets
certain condraints. Well-formed documents do not have to be crested in a structured
environment, againgt a pre-defined set of structurd rules, but merely have to comply with XML
well-formedness congraints. Well-formed XML dements are defined by their use, dlowing
authorsto tallor dementsto their development. Thisflexibility gives authors greater control over
document processing and design. Thisis a great improvement over traditiond SGML
environments, in which sructure must be formaly defined before any documents can be written.
C. XML SCHEMAS

A schemaisa st of rulesthat a document follows, which software may need to read
before processing and diplaying adocument. Vdid XML differsform wel formed XML inits
relationship to a schema. Well-formed XML is desgned for use without a schema, whereas vaid
XML explicitly requiresit. Table 1 lists everything that a schema can be used to define.

1. Elements that can gppear in a document.

2. Attributes that can appear in a document.

3. Which dements are child dements.

4. The order of child dements.

5. The number of child dements.

6. Whether an eement is empty or can include text.

7. Datatypesfor e ements and attributes.

8. Default and fixed values for e ements and attributes.
Table2  Schema Definitions (After Introduction to XML Schema)
Once written, a schema alows the user to check whether an XML document is vdid.
Vdid XML documents employ festures that can Sgnificantly improve the usability of a
document, including: linking mechanisms, entities and attributes. Most XML Web sites are
likely to be composed of vaid XML documents. Using a schema gives cregtors the freedom to
gructure their Stes and use much greater festure setsthan HTML has traditionaly dlowed. The

process for validating a schemais shown in Figure 15.
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Figure15. XML Schema Validation Process (From Serin, 2003)
“Documert authoring, processing, storage and display are made easier because

documents exist in a structured environment. Authors must creaete documents against a pre-
defined structure and benefit from a dlear document mode. Like well-formed XML, vaid
documents must be accompanied by stylesheets to achieve visud display.” (From Valid XML)

Theorigind group of twelve with its common, shared experience gave way to lots of
groups with differing goals and backgrounds. XML grew stronger for the new ingghts. Y ou now
have XML + XLINK + XSL + Namespaces + Infoset + XML Linking + XPointer Framework +
XPointer namespaces + XPointer xptr() + XSLT + XPath + XSL FO + DOM + Sax + stylesheet
linking Pl + XML Schema+ XQuery + XML Encryption + XML Canonicdization + XML
Signature + DOM Leve 2+ DOM Leve 3.
D. EXTENSIBLE STYLESHEET LANGUAGE FOR TRANSFORMATIONS (XSLT)

One of the tools mentioned above, which is pertinent to thisthesis, is Extengble
Stylesheet Language (XSL). XSL isalanguage for expressing style sheets. It is made up of three
components.

1. XSL Transformations (XSLT), alanguage for transforming XML documents

2. XML Peth Language (XPeth), an expresson language used by XSLT to access or refer to
parts of an XML document

3. XSL Formatting Objects (XSL-FO), an XML vocabulary for gpecifying formatting
semantics

An XS gtyle sheet is, like with Cascading Style Sheets (CSS), afile that describes how
to display an XML document of agiven type. XSL shares the functiondity and is compatible
with Cascading Style Sheets, level 2 (CSS2), a style sheet language that alows authors and users
to attach style (e.g., fonts, spacing, and aura cues) to structured documents (e.g., HTML
documents and XML applications), dthough it uses a different syntax. It dso adds:
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A trandormation language for XML documents XSLT. Origindly intended to
perform complex syling operdtions, like the generation of tables of contents and
indexes, it is now used as a general purpose XML processing language. XSLT is
thus widely used for purposes other than XS, like generating HTML web pages
from XML data

Advanced syling features, expressed by an XML document type which defines a
st of dements cdled Formatting Objects, and attributes (in part borrowed from
CSS2 properties and adding more complex ones (After The Extensble Stylesheet

Language)
Styling requires a source XML documents and a style sheet. The source document
contains the information the style sheet will display while the style sheet describes how to
display adocument of a given type. Figures xml1, xml2, and xml3 show a sample XML file, two
sample templates from a style sheet and the rendering of them, respectively.

Separating the source document's content and its syling informetion alows displaying
the same document on different media (like screen, paper, cell phone), and it aso enables users
to view the document according to their preferences and ahilities, just by modifying the style
shest.

<xd:template match="FX">
<fo:block font-weight="bold">
<xd:gpply-templates’>
</fo:block>
</xd:template>

<xd:template match="gpeech| @spesker="Arthur]">
<fo:block background-color="blue">
<xd:vaue-of sdect="@speaker"/>:
<xd:apply-templates’>
</fo:block>
</xd:template>
Figure16. Sample XSLT (FromWhat is XSL?)

The style sheet can be used to transform any instance of the schema/Document Type
Declardtion (DTD) it was designed for. “The firgt rule says that an FX dement will be
transformed into a block with a bold font. <xd:goply-templates/> isarecursve cal to the
template rules for the contents of the current element. The second template appliesto al speech

elements that have the speaker attribute set to Arthur, and formats them as blue blocks within
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which the value speaker attribute is added before the text. (After The Extensible Stylesheet
Language)

General Road Building noises.

Prosser: Come off it Mr. Dent, you can’t win you know. There’s no point in lying down in the path
of progress.

Arthur: I've gone off the idea of progress. It’s overrated

Figure17. Sample Output (From What is XSL?)

The above rendering is the Formatting Objects (XSL-FO) generated by the XML file and
two sample templates from a style sheet. The XSL-FO vocabulary is designed to dlow
information to be displayed on awide variety of media: screen, paper, or even voice.

E. SUMMARY

In this chapter XML and XSLT are discussed. The roots of XML are given, XSLT is
briefly expounded on, and some other related technol ogies are mentioned to provide the
background and basis upon which this common data and formaiting language will be built.
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V. USING XML AND XSLT TO INCREASE AUV INTEROPERABILITY

A. INTRODUCTION

Twenty years ago, software only worked with other software bought from the same
vendor. Today, consumers rightly expect software components to be interchangeable. The W3C,
avendor-neutra organization promotes interoperability by designing nor proprietary computer
languages and protocols to avoid the market fragmentation of the past. (From W3C in 7 Points)
B. XML AND INTEROPERABILITY

As gated in Chapter 111, at least four different AUVs either exist or are under
development: one for each area of operation. Hydroid, Inc. manufactures REMUS (After
Hydroid, Inc), Bluefin Robotics manufactures BPAUV (After ONR BPAUV). Lockheed Martin
has the contract for RMS and Boeing has LMRS. Interoperability is defined as the ability of
systems, units, or forces to provide services to and accept services from other systems, units, or
forces and to use the services so exchanged to enable them to operate effectively together. (After
Defense Technical Information Center) Currently, most AUV's are commercidly developed,

contain proprietary interna architectures, and, thus display poor interoperability.

Falm Filot

\

Figure 18. XML Interoperability (After Wrox Diagram)
One method of improving interoperability is through the use of a common XML-based

misson planning and data formetting language. Smilar XML-based languages have aready
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been used in various applications to achieve software interoperability. For example, the Schools
Interoperability Framework, a divison of the Software and Information Industry Association
demonstrated interoperable gpplications in November 2001. The software interoperability was
exhibited in a network environment, in which data is shared between gpplications through a
“series of sandard messages, queries, and events written in XML.” (From Schools
Interoperability Framework, June 2003)

Numerous other examples of the use of XML to increase software interoperability exis.
The IMS Globd Learning Consortium uses XML binding because of its ease of maintainability
and increased flexibility. (After IMS Globa Learning Consortium) The Open Trave Alliance
(OTA) formed to “improve the dectronic exchange of business information across al sectors of
the travel industry.” (From OTA XML Specification, June 2003) To assist programmers with the
implementation of a cross-industry effort to improve this exchange, OTA released a
Specification Document, a schema and schema fragments, a Document Type Definition (DTD),
aUniversd Modeling Language (UML) Model, a Data Dictionary, and Appendices. (After OTA
XML Specification, June 2003) The retail industry has joined the XML drive, with the
Internationa XML Retail Cooperative (After IXRetail), which isintended to ease application-to-
goplication integration within aretall enterprise. The IXRetall initiative began in 2000, when the
Limited began looking at XML for gpplication integration. The Limited concluded that XML
could be used for gpplication-to-gpplication integration within the enterprise, gpplication
congtruction and evolution of the Enterprise Application Integration (EAI).(After ARTSIXRetal
XML Event, June 2003) Findly, the hedth care indudtry isjoining the push towards the use of
XML, aswel, with the HL7/XML Interface. Hedlth Level 7 (HL7) is “the dominant hedth care
gtandards organization for healthcare message communication from machine to machine in the
United States, with an active presence in Europe, Audtrdia, and most recently in Japan.” HL7
used XML for both hedlthcare messages and clinical record documents, and represented the
culmination of three years of work in bringing together the HL 7 communication protocol with
the XML markup strategy. (After HI7-XML Progress Report, June 2003)

As evidenced by the above examples, XML is becoming a common answer to the
interoperability problems faced by any industry. Thisis because XML is designed with the
ability to describe informeation in away thet is system-independent. In addition to being

relaively smple to write, a user can easily export an XML document to both XML and non
28



XML formats. XML aso makes archive maintenance easier, aswill be addressed in alater
chapter. XML documents can be accessed via an hitp server. Findly, in root form, XML is
transferable on the fly by stylesheet. Thus XML and related technologies can be used to improve
interoperability between AUVs.

C. CONSTRUCTING THE MISSION COMMAND LANGUAGE

The fird step in congructing a Common XML-Based Misson and Data Formatting
Language using XML isdefining atag set. A tag st is the sat dements and attributes use to
describe what is trying to communicated or described. To make a language common and
interoperable, tags must come from a central XML registry that allows common access. XML
registries are avita component in the implementation of shared data exchanges. The DoD XML
Regidtry condtitutes guidance in the generation and use of XML among DoD communities of
interest and is the authoritative source for registered XML data and metadata components.

Researching the DoD XML Regidtry resulted in the redization that only some of the
necessary tags for acommon mission and data formatting language exist. One output of this
thessisa proposed AUV Namespace. (See Appendix E) “Namespaces are technica mechanisms
that alows overlapping XML to be tagged with distinguishing labels” (From DoD Metadata
Registry and Clearinghouse) Namespaces make up collections of data congtructs that share a
common context within a Community of Interest (COl) that can be leveraged for XML
adminigrative purposes. A COI isagroup of people, agencies, activities, and system builders
who share an interest in a gpecific domain.

After defining the tagset, the XML schema document can be written. The schema
document is the modeling document, which defines the structure of the input XML documents.
The schema is used to vdidate these documents and uses the same syntax that XML uses, while
fully supporting the Namespace Recommendation. In addition, the schema alows creation of
complex and reusable content models with the idea of object inheritance and type substitution.
The fundamentd idea behind vaidation is to create XML documents that they can be shared by
multiple users without any conflict when they follow the same rules that the schema defines. Any
wdl-formed XML document can be vaidated againgt any schema. (After Serin, 2003). Using the
schema document as aguide, an XSLT iswritten to transform some input into a user-defined
output. Examples of those outputs are illustrated in the next chapter.
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D. TRANSFORMING THE DOCUMENT

XSLT dylesheets use XML Path Language to match nodes when transforming an XML
document. Xpath provides syntax for locating specific parts of an XML document. Once Xpath
has located and matched anode, an XSLT Processor can transform the document into another

form, whether it is XML, HTML, plain text, or any other text-based document. (Deitdl, Deitd,

Neito, Lin, and Sadhu, 2001) One berefit of usng XSLT for such atask isthat XSLT has none
of the ‘gde effects of correct order and code running the way it iswritten. XSLT, on the other

hand, will run correctly, regardless of the order in which tasks are performed. In addition, an
XSLT engine can run the code in a stylesheet in any order. Because XL ST isadeclarative
language, rather than an imperative one, it can even run multiple pieces of code smultaneoudy,
effectively optimizing the program. A visud representation of the stylesheet function is shown

below.

U

| [XSL Transformation|]

Plain Text

[HTML ]

Figure19. Demondration of XSLT Functions (From XML — An Introduction, June 2003)

E. ARCHIVING XML DATA

[SGML]

Digitd publication preservation is a Sgnificant part of tomorrow’s heritage. Without a
concerted effort, the digital information of today will not be available. By correctly archiving
data, especidly the data collected from AUV missons, MEDAL, and other smilar databases
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continue to be able to access this data. XML documents can be archived wither of two places, on
thefile sysem itsdlf or in adatabase. While the file sysem isfast and Smple, it isnot redly
practica for large applications, so the logica choiceisto archive datain a database. There are
two types of databases. Firg there is a Relationa Database Management System (RDBMYS),
which offers many advantages such astools for data mining, but a the expense of needing
transformations into a relationa data model and trandations for queries. Another option isthe

use of Native XML databases, which have much better performance for storage, retrievd, and
query, but lack the advantages of amature RDBM S product.

Application/Container

Profile Web Servers

Store Application Logic |:|
e ™ J—.

e Browsers

—
‘—"Oq_ Other Apps/
Clients

L -
HTML/XMLWML

XSLT Engine

Cache Database

Figure20. XML Archiving Process (From Ipedo Web, June 2003)

F. SUMMARY

This chapter discussed the use of XML and related technologies for increasing the
interoperability of software in various industries, including retail, hedthcare, and online learning.
Throughout the development of thisthes's, the DoD XML Registry was searched for applicable
tagsto define an AUV Namespace. Because most of the necessary tags are not currently in use, a
proposed AUV Namespace was developed, and can be seen in Appendix F. After developing a
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tagset, a schema document was devel oped to vdidate the mission documents. Findly, asa
experimentd test, an XSLT template was developed to transform the XML mission document
into a text-based file.
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VI. AUV SIMULATION WORKBENCH

A. INTRODUCTION

This chapter describes the AUV Workbench and gives a sample mission document. An AUV
Workbench mission script file is presented first. This script file isincorporated into the misson
command language to show the capability to output data that can be use by the AUV
Workbench.

B. AUV WORKBENCH OVERVIEW
The AUV Workbench is used by the scripts developers and by the thess students to test
and edit ther smulations. It will dso dlow for the pre- visudization of in-waer missons. It is
designed to:

- Simplify and make more easlly the utilization of the smulation

- Haveadl the windows in one main window

- Allow scripts developers to edit and test their scripts more quickly

- Allow AUV software devel opers to evauate execution and dynamics improvements
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Figure21. Interface of AUV Workbench (Gruneisen and Henriet, 2002)

The Misson Script Editor is a text editor with which users can cregte, open or save
missons. When a misson is opened, the software autometicaly crestes a backup of this file
(with the name of the misson and the date). So, the user can reopen this file in cae of a
modification error. The misson opened will be the misson used for the Smulation.

The Execution and Dynamics pands dlow the user to launch or stop the smulation of the
Misson File in the Misson Editor. They dlow the user to display the smulation in red-time or
not, clear the execution and dynamics text area and save the execution and dynamics text area in

two diffeent files  MissonName Execution Dae and MissonName Dynamics Date,

respectively.
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The Options Pand alows the user to sdect Execution Program: there are two different
programs for the execution level (one in C and the other in Java), so the users can sdect which
one to use, and sdect AUV Modd: there are four different AUVS which each have different
dynamics coefficients, s0 the usars can sdect which coefficients they want to use for the
gmulation.

The amulaion process works be means of the Java language that alows developers to
execute others programs from a Java program. Here, there are two different Threads (one for
Execution and one for Dynamics) which have launch the programs, catch the output streams, and
print them in the two text areas in the main window.

The Extensble Java 3D Graphics (Xj3D) agpplication programming interface (API) and
veiwer uses dl the specification of Extensble 3D Graphics (X3D) to be able to display a Virtud
Redity Modding Language (VRML) file in a program using Java3D. “However, Xj3D is
currently under development, so not dl of the X3D nodes are integrated in Xj3D (Billboard for
example); thus, it is necessary for the users to download and ingdl the latest verson of the Xj3D
package to update the Java classes which are used by the program.” (After Gruneisen and

Henriet, 2002)
C. DESCRIPTION OF USE OF TAGSET AND SCHEMA IN CONJUNCTION WITH
THE AUV WORKBENCH

Bdow isan inclusive tag set based on the AUV mission script help file and the AUV
Workbench.

<?xm version="1.0" encodi ng="UTF-8" ?>
- <I-- Sample XM. file generated by XMLSPY v5 U (http://wmv xm spy. com -->
<AUWM ssi on xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNarmespaceSchemalLocat i on="C: \ Docunent s and
Set ti ngs\ dl hawki n\ Deskt op\ AUVM ssi on. xsd" >
<Profile>Text</Profil e>
<l nsert Poi nt Xcoor di nat e="5000" Ycoordi nat e="5000" Zcoordi nat e="164" />
<Waypoi nt's number =" 0" Xcoor di nat e="5000" Ycoor di nat e="5000"
Zcoor di nat e="164" />
<St ar boar dPr opSpeed>3820</ St ar boar dPr opSpeed>
<Por t Pr opSpeed>3820</ Por t Pr opSpeed>
<Thrust er s>1</ Thr ust er s>
<Rudder >90</ Rudder >
<ChangeCour se>359. 9</ ChangeCour se>
<Pl anesAngl e stern="90" bow="90" bot h="90" />
<CommandedAl ti tude Zcoordi nat e="164" />
<CommandedDept h Zcoor di nat e="164" />
<Pi t chAngl e>30</ Pi t chAngl e>
<Thet a>30</ Thet a>
<Rot at e>40</ Rot at e>
<Lat eral >0. 82</ Lat er al >
<Di veTr acker Xcoordi nat e="5000" Ycoordi nat e="5000" Zcoordi nat e="164" />
<Al titudeO Dept hControl >1</ Al titudeO Dept hControl >
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<Per f or n3PSPopup>1</ Per f or nGPSPopup>

<Dur at i onGPSPopup>1000</ Dur at i onGPSPopup>

<Gyr oError >180</ Gyr oErr or >

<Dept hCel | Err or >100</ Dept hCel | Err or >

<Posi tion Xcoordi nat e="5000" Ycoordi nat e="5000" Zcoordi nate="164" />

<Orientation phi="30" theta="30" psi="359.9" />

<Posture Xcoordi nat e="5000" Ycoordi nat e="5000" Zcoordi nate="164" phi="30"
t heta="30" psi="359.9" />

<CceanCurrent xAxis="50" yAxis="50" zAxis="50" />

<SeaSt at e>9</ SeaSt at e>

<Wat chRadi us>10000</ WAt chRadi us>

<Waypoi nt Ti meout >1000</ Waypoi nt Ti neout >

<St andOf f Di st ance>100</ St andCf f Di st ance>

<Hover enabl ed="1" Xcoordi nat e="5000" Ycoor di nate="5000" Zcoordi nate="164"
/>

<Target Stati on rangeToTar get =" 10000" beari ngToTar get =" 359. 9"

comrandedRange="10000" comandedHeadi ng="359. 9" psi ="359.9" />

<Tar get Poi nt >1</ Tar get Poi nt >

<Ent er Tube range="20" bearing="359.9" />

<Wi t >1000</ Wi t >

<Wai t Unti | >1000</ Wi t Unti | >

<Ti neSt ep>1000</ Ti meSt ep>

<Si ngl eSt ep>1</ Si ngl eSt ep>

<Pause>1</ Pause>

<Real Ti ne>1</ Real Ti ne>

<Virtual >Stringa</ Vi rtual >

<Locat i onLab>1</ Locat i onLab>

<Tet her ed>1</ Tet her ed>

<Virtual Host >Stri nga</ Vi r t ual Host >

<M ssi on>St ri ng</ M ssi on>

<Tel enetry>String</ Tel emet ry>

<NoScr i pt >1</ NoScri pt >

<Keyboar d>1</ Keyboar d>

<Trace>1</Tr ace>

<TraceOn>1</ TraceOn>

<LoopFor ever >1</ LoopFor ever >

<Cont r ol Const ant sFi | ename>St ri ng</ Cont r ol Const ant sFi | enane>

<Text >1</ Text >

<Exi t >1</ Exi t >

- <Sonar Commands>
<Sonar 725l nst al | ed beari ng="90" range="10000" power =" 50"
di rection="TRUE" />

</ Sonar Conmands>

<Sound>1</ Sound>

<EMai | >1</ EMai | >

<Sl i di ngMbdeCour se>1</ Sl i di ngModeCour se>

<Paral | el Port Trace>1</Paral | el Port Tr ace>

<Extract Poi nt Xcoor di nat e="5000" Ycoor di nat e="5000" Zcoor di nat e="164" />

</ AUWM ssi on>

Bdow is asample mission script file for the AUV Workbench.

<?xm version="1.0" encodi ng="UTF-8" ?>

- <l-- edited with XM.SPY v5 U (http://ww. xm spy.con) by Douglas Horner
(Naval Postgraduate School) -->
- <AUVM ssi on xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"

xsi : noNanespaceSchenaLocat i on=
"C. /| AUWr kbench/ bi n/ scri pts/ m ssionScri pts/ AUW ssi on. xsd" >
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<Profile>

<l nsert Poi nt >

<Xcoor di nat e>- 50</ Xcoor di nat e>

<Ycoor di nat e>10</ Ycoor di nat e>

</ | nsert Poi nt >

<Waypoi nts nunber="1">

<Xcoor di nat e>10</ Xcoor di nat e>

<Ycoor di nat e>10</ Ycoor di nat e>

<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t Pr opSpeed>2. 75</ Por t Pr opSpeed>

<Al titudeCO Dept hControl >0</ Al titudeO Dept hControl >
<CommrandedAl tit ude>1. 25</ ConmandedAl ti t ude>
<CommandedDept h>1. 00</ CommandedDept h>

<Per f or nGPSPopup>0</ Per f or nGPSPopup>

<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>

<Wat chRadi us>8</ Wat chRadi us>

<Waypoi nt Ti neout >40</ Waypoi nt Ti meout >

</ Waypoi nt s>

<Waypoi nt s nunber="2">

<Xcoor di nat e>10</ Xcoor di nat e>

<Ycoor di nat e>210</ Ycoor di nat e>

<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t Pr opSpeed>2. 75</ Por t Pr opSpeed>

<Al titudeO Dept hControl >0</ Al titudeO Dept hControl >
<CommrandedAl titude>1. 25</ ConmandedAl tit ude>
<CommandedDept h>1. 00</ ConmandedDept h>

<Per f or nGPSPopup>0</ Per f or nGPSPopup>

<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>

<Wat chRadi us>8</ Wat chRadi us>

<Waypoi nt Ti neout >200</ Waypoi nt Ti mreout >

</ \\aypoi nt s>

<Waypoi nt s nunber="3">

<Xcoor di nat e>25</ Xcoor di nat e>

<Ycoor di nat e>210</ Ycoor di nat e>

<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t PropSpeed>2. 75</ Por t Pr opSpeed>

<Al titudeO Dept hControl >0</ Al titudeO Dept hControl >
<CommandedAl ti t ude>1. 25</ ConmandedAl ti t ude>
<ConmandedDept h>1. 00</ CommandedDept h>

<Per f or nGPSPopup>0</ Per f or nGPSPopup>

<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>

<Wat chRadi us>2</ Wat chRadi us>

<Waypoi nt Ti neout >15</ Waypoi nt Ti neout >

</ \\ypoi nt s>

<Waypoi nt s nunber="4">

<Xcoor di nat e>25</ Xcoor di nat e>

<Ycoor di nat e>10</ Ycoor di nat e>

<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t PropSpeed>2. 75</ Por t Pr opSpeed>

<Al titudeO Dept hControl >0</ Al titudeO Dept hControl >
<CommandedAl ti t ude>1. 25</ ConmandedAl ti t ude>
<ConmandedDept h>1. 00</ CommandedDept h>

<Per f or nGPSPopup>0</ Per f or nGPSPopup>

<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>

<Wat chRadi us>2</ Wat chRadi us>

<Waypoi nt Ti meout >200</ Waypoi nt Ti neout >

</ \\ypoi nt s>

<Waypoi nts nunber="5">

<Xcoor di nat e>40</ Xcoor di nat e>

<Ycoor di nat e>10</ Ycoor di nat e>

<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t PropSpeed>2. 75</ Por t Pr opSpeed>

<Al titudeO Dept hControl >0</ Al titudeO Dept hControl >
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<CommandedAl t 1 t ude>1. 25</ ConmandedAl t | t ude>
<ConmandedDept h>1. 00</ ConmandedDept h>
<Per f or nGPSPopup>0</ Per f or nGPSPopup>
<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>
<Wat chRadi us>2</ Wat chRadi us>
<Waypoi nt Ti nreout >15</ Waypoi nt Ti meout >
</ Waypoi nt s>
- <Waypoi nts nunber="6">
<Xcoor di nat e>40</ Xcoor di nat e>
<Ycoor di nat e>210</ Ycoor di nat e>
<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t PropSpeed>2. 75</ Por t Pr opSpeed>
<Al titudeQO Dept hControl >0</ Al titudeO Dept hControl >
<CommandedAl ti t ude>1. 25</ ConmandedAl ti t ude>
<ConmandedDept h>1. 00</ ConmandedDept h>
<Per f or nGPSPopup>0</ Per f or n3PSPopup>
<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>
<Wat chRadi us>2</ Wt chRadi us>
<Waypoi nt Ti meout >200</ Waypoi nt Ti neout >
</ \\ypoi nt s>
- <Waypoi nts nunber="7">
<Xcoor di nat e>41</ Xcoor di nat e>
<Ycoor di nat e>210</ Ycoor di nat e>
<St ar boar dPr opSpeed>2. 75</ St ar boar dPr opSpeed>
<Por t PropSpeed>2. 75</ Por t Pr opSpeed>
<Al titudeO Dept hControl >0</ Al titudeO Dept hControl >
<CommandedAl ti t ude>1. 25</ ConmandedAl ti t ude>
<CommandedDept h>1. 00</ CommandedDept h>
<Per f or nGPSPopup>0</ Per f or n3PSPopup>
<Dur at i onGPSPopup>25</ Dur at i onGPSPopup>
<Wat chRadi us>2</ Wat chRadi us>
<Waypoi nt Ti neout >1</ Waypoi nt Ti neout >
</ \\ypoi nt s>
<Extract Point />
</Profil e>
</ AUWM ssi on>

Based on the misson command language schema document the AUV Workbench input
file format, below isthe XSLT used to create an date file that can be used by the AUV
Workbench to execute amission.

<?xm version="1.0" encodi ng="UTF-8"?>
<xsl : styl esheet version="1.0" xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or n¥
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xsi : noNanmespaceSchenmalLocat i on="C: \ Docunent s and
Set ti ngs\ dl hawki n\ Deskt op\ AUVM ssi on. xsd" >
<xsl :out put nedia-type="text/htm" nethod="htm" indent="yes" doctype-public="-
/1 \WBC/ /| DTD HTML 4. 01//EN' doctype-systens"http://ww. wW3.org/ TR htm 4/strict.dtd"/>
<xsl:tenplate match="/">
<l'-- Number of Waypoints -->
<xsl : val ue- of sel ect="count (//Waypoints)"/>
<xsl : for-each sel ect="//Waypoi nts">
<br></br>
<! -- Wypoi nts Xcoordi nate -->
<xsl : val ue- of sel ect="./Xcoordi nate"/>
<xsl:text> </xsl:text>
<!'-- \Wypoi nts Ycoordi nate -->
<xsl : val ue- of sel ect="./Ycoordinate"/>
<xsl:text> </xsl:text>
<!-- StarboardPropSpeed -->
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<xsl : val ue- of sel ect="./Starboar dPropSpeed"/>
<xsl:text> </xsl:text>

<l-- PortPropSpeed -->
<xsl : val ue- of sel ect="./PortPropSpeed"/>
<xsl:text> </xsl:text>

<l-- Altitude or DepthControl -->
<xsl :val ue-of select="./AtitudeO DepthControl"/>
<xsl:text> </xsl:text>

<l-- Commanded Altitude -->
<xsl : val ue- of sel ect="./CommandedAl titude"/>
<xsl:text> </xsl:text>

<!-- Commanded Depth -->
<xsl : val ue- of sel ect="./ComandedDept h"/ >
<xsl:text> </xsl:text>

<l-- Perform GPS Popup -->
<xsl : val ue- of sel ect="./ Perfor m&SPopup"/ >
<xsl:text> </xsl:text>

<!-- Duration of GPS Popup -->
<xsl : val ue- of sel ect="./Durati onGPSPopup"/ >
<xsl:text> </xsl:text>

<l-- Watch Radius -->
<xsl : val ue- of sel ect="./Wat chRadi us"/>
<xsl:text> </xsl:text>

<!-- Waypoi nt Tineout -->
<xsl : val ue- of sel ect="./Waypoi nt Ti neout "/ >
</ xsl : for - each>

</ xsl : tenpl at e>
</ xsl : styl esheet >

The misson script file is trandformed by the XSLT to creste the AUV Workbench input file
below. The input file is in the exact format used by the AUV Workbench. By modifying the
XSLT, not the AUV software, the user can format the deta virtudly in any form desired.

.
101027527501.251.000 25840
1021027527501.251.00025 8 200
252102752750 1.251.000252 15
25 1027527501.251.00025 2200
40102752750 1.251000252 15
40210275 27501.251.000 252 200
412102752750 1.251.0002521

D. CHAPTER SUMMARY

Currently, the AUV Workbench is not competible with dl AUVs. Using the XSL and this
mission command language, it is possble to generate virtudly any type of datafile the user
desires. It follows that development of thislanguage can be the key to the next leved of
commanding al AUVs.
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VII. THE BIGGER PICTURE — INTEGRATION OF XML AND
GCCSMEDAL

A. INTRODUCTION

Currently, the Navy requires that AUV's under development be able to export certain data
in United States Message Text Format (USMTF). This requirement is so that the data obtained in
amission can be uploaded into the GCCSYMEDAL system, for use by dl authorized Navy
personnd.

B. GLOBAL COMMAND AND CONTROL SYSTEM (GCCYS)
1. Overview

The Globd Command and Control System (GCCY) is an automated system designed to
support planning and become the single C4l system to support the warfighter. GCCSisthe
midterm solution to a C*l for the Warrior (C*IFTW) concept, which is committed to providing a
joint system providing tota battlespace information to the warrior. GCCS is a common operating
environment (COE) that eliminates the need for stovepipe command and control systems. GCCS
dlows for the migration of existing systems into a COE connected across the SIPRNET and
dlowsfor the integration of C2 systems into an interoperable system. (After GCCS — Globd
Command and Control System — United States Nuclear Forces)

Thefirg priority of GCCS isto become aglobaly connected, interoperable, fully
integrated C4 system. Its common operationa picture correlates and fuses data from multiple
sources to provide the information needed to react decisvely. GCCS enables joint force
commanders to synchronize actions of multiple forces and has the flexibility to be used in
operations from actual combat to humanitarian assstance. (After What is the Joint Command &
Control System (GCCS-J))

2. Components

GCCS ismade up of database servers, applications servers and clients. Connectivity is
provided through the Defense Information System Network (DISN), and Secret connectivity is
provided over the SIPRNET. (After What is the Joint Command & Control System (GCCS-J))
GCCSinfragtructure includes a client server environment operating on an IEEE LAN, a GCCS
Executive Subsystem (GES) that dlows the user to launch GCCS agpplications, an Information
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Management Subsystem (IMS), a Reference File Manager, and a communications capability.
(After GCCS- Globa Command and Control System — United States Nuclear System) GCCS
only works on Hewlett- Packard (HP) workstations.

C. GLOBAL COMMAND AND CONTROL SYSTEM - MARITIME

GCCS- Maritime (GCCS-M), previoudy known as the Joint Maritime Command
Information System (IMCIS), isthe Navy’ s primary fielded command and control system.
GCCS-M éaffords operationd commanders the capability to receive, retrieve, and display
information in a Common Operating Picture. (After Global Command and Control System -
Maritime) GCCS-M developed over anumber of years of various C4l initiatives, and evolved
into a system, which alows applications to be run on a“superset” of core software. The core
includes capabilities such as track and relationa database management, tectica display, and
communications interfaces. (After Module 8 — Intelligence Automated Data Processing System)

D. GCCS-M / MEDAL
1. Overview

The Mine Warfare Environmental Decision Aids Library (MEDAL) is one component of
the GCCS-M. Like GCCS, MEDAL only works on Hewlett Packard workstations. Incorporation
of the MEDAL into GCCS-M has strengthened the relationship between the MCM commander
and the Carrier Battle Group (CVBG)/Amphibious Ready Group (ARG). MEDAL hasincreased
the MCM Commander’ s contribution to the Common Operationd Ficture, and provides a
coordinated MIW tactica picture. Usng MEDAL, operators can import asset positions, contact
positions, and environmental information, such as bathymetry, sound speed, and temperature and
current data, and view the processed picture on screen.

2. Components

MEDAL contains severd databases, including mine countermeasures, environmental and
mine threat databases. These databases can be used for mine warfare (MIW) planning
management, and are common and available to the entire navy. MEDAL dlowsthe user to
import a chart of an operationa areawith lanes and Q-routes. Once an areais defined, the user
can plot planned and actud tracks, as well as asset positions. Contacts can be plotted with
imbedded information and images.
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In addition to databases, MEDAL contains area, contact, and asset directories. The area
directory provides information about Q-routes and areas that have been cleared of mines. The
contact directory lisgts dl known contacts. Each is given a contact reference number (CRN) and,
if judged by an Explosve Ordnance Disposal (EOD) Officer to be amine, isgiven amine
reference number (MRN). The directory aso includes the confidence level of identification, the
position, and identification (e.g. bottom mine). Findly, the asset directory lists available assets,
their tasking, and historical data points of tracks that have been run.

3. Usng MEDAL with AUVs

Data can be entered into MEDAL ore of two ways. Fird, the data can be entered by
hand, which is an acceptable method for entering one contact, and is point-by-point. However,
for numerous points, this method is very laborious, and so data can be entered automatically
through a network connection. For example, messages can be sent into MEDAL viafile transfer
protocol (FTP) if they are in the proper United States Message Text Format (USMTF). In the
variousincoming logs (ILOGS), USMTF format is checked automaticdly, and if the message
passss, it isimmediately processed and the system updates, making the information available to

al usrs,
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Figure22. GCCSMEDAL displaying Asset and Contact Positions. (From Weekley, 2003)

One of the problems with AUVsand MEDAL isthat most AUVs store dataiin text files.
Data stored on the hard drive of the AUV must first be converted into USMTF before it can be
loaded into MEDAL . Some data collected by REMUS, such as asset and contact positions, and
bathymetry information, can be exported from the AUV in USMTF format. This capability wasa
requirement of the vehicle when the Navy began the REMUS acquisition process. Most AUV's
acquired by the Navy have this same reguirement. The addition of these types of requirements
equate to an increase in acquisition cods.

4, Solutionsto AUV — MEDAL Incompatibilities

Oneway to change text datainto USMTF formet isto use the AUV Data Server (ADS).
The ADS can manage the flow of data over a network, either by polling or by an operator. In
doing S0, the server increases the opportunities to manipulate and display datain new ways. One
of these waysis by displaying the datain USMTF format. (After Weekley, 2003) Below isa
screen shot of the ADS graphica user interface.



F= AUV Data Server ) =10 =l

Source Configuration Mainual Import Data
Source Client Name: 1AL ! View File Data...
ESTeii a. I
Listening TCP Port: !ﬂ[ljl] 5t | Load File Data...
Source Host: random |
Data Transiation
Status: —_
¥| Translate Raw Data To MEDAL Messages
Upidate Indervak 10 | Sec - |
Query Raw Data... !
Query Data s MEDAL Messages... |
Data Archive
Archive Data m X30...
| Get Datawia Network or File Polling Dascontimue

Load Progress: |

Figure23. The ADS Graphica User Interface (From Weekley, 2003)

Ancther solution isto transform the stored text file into an XML document. Oncein
XML, astylesheet can be used to transform the data into the desired format. At first glance, this
solution appears to be less desirable than transforming the data directly into USMTF, because of
the addition of the intermediate transformation into XML. However, the use of an intermediate
XML document is beneficid for severa reasons. First, XML documents must be well formed
and vdidated againgt a schema. Exigting software will check documents for structure and for
vaidation againg the governing schema. When afile does not match, the following type of error
message occurs, and the error is highlighted.

This file iz not walid:
Q Mandstory element 'ClazsCode’ expected in place of 'Title'

Thiz file is mot well-formed:
Q name closing element name expected.

Figure24. XML Spy Not Vaid and Not Well-Formed Errors.
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On the other hand, MEDAL offers only pass or fail when checking messages. If the
message fails, there is no parser to automatically emphasize where the error occurred. In order to
correct the message, the user must manually parse and correct the document, which can be very

laborious and time consuming.

Another advantage of usng XML over direct converson to MEDAL isthe ability to
modernize the syssem. MEDAL is essentidly running on technology thet is 20 yearsold. To
update the technology, oneto five years of preparation, and Congressiona permisson are
required, before the acquigtion process even sarts. A web year is sad to be “the length of time it
takes for the Internet technology to evolve as much as technology in another environment might
evolvein acdendar year.” (From Web Year) A web year is said to be about three months.
Therefore, by the time MEDAL can be updated, the desired technology is aready four to twenty
years out of date. Also, USMTF files from early versions are no longer useful. Conversely, XML
upgrades quite frequently. Also, dl early verson XML documents will validate under later
versons. Therefore, while exporting datain USMTF format offers the luxury of asingle
transformation, exporting to XML offers much greater versdtility, error-correction, and syntactic

correctness.

46



E. SUMMARY

While the Navy currently requires that AUV's be able to export certain datain USMTF
format for uploading into GCCSMEDAL, this system is not aways effective. Occasondly, the
MEDAL messageis not correctly formatted, and MEDAL will not accept the message. Also,
MEDAL isnot easly upgraded, and archiving informeation is expensive and impractical. XML is
aviable solution to this problem. By exporting data gathered on amisson in XML format, the
document can easily be transformed into USMTF format using XSLT, but can aso be easily
transformed into any necessary language, and can aso be archived for later use.
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VIII. FUTURE CONCEPTS

A. UNDERWATER COMMUNICATIONS

Land-based digitd communications are traditionaly accomplished using radio or light-
basad transmissions. However, underwater communications pose a problem. (After Schrope,
2003) Long distance communications, such as those used for submarine contacts, can be
accomplished on alow-frequency carrier, but the sysem is expensive, and the link is one-way.
Additionally, these modems offer a data rates around 100 bits per second (bps). An dternative to
radio and light wave communications is the acoustic channel. (After Schweber, 2001). The basic
idea of underwater acoudtics is to convert bits of information into tones, which are then
converted back to digital data at the receiver. Because of the transmission problemsintroduced
by underwater transmissions, the bits are sent as multiple tones to ensure the arriva of at least
some. (After Schrope, 2003) Even as the redundancy in transmissions increases the chance that
the message will arrive and be interpreted correctly, the redundancy makes the transfer of data

even dower.

While the acoustic channd can be used over moderate distances of three to seven
kilometers, increasing the data rate of the above long range communications by afactor of 24,
the rate is il quite dow compared to land-based communications. In addition, land- based
communications are dmost 186,000 times faster than the speed of sound in water. (After
Schrope 2003) Most AUV s collect some type of data, such as bathymetry, bottom type, contact
positions, and asset positions. Idedly, this information can be transmitted to the command ship
during the mission, without removing the AUV from its task. Though these files may be large,
they typicdly contain data in the same format. Although largefiles, like images and sound,
cannot be avoided, files containing smilar types of data can be compressed using a technique
cdled XML seridization.

B. XML SERIALIZATION

“Seridization is the process of converting an object into aform that can be reedily
transported.” (From Introducing XML Seridization) This processis especidly necessary for use
with XML documents, because even ashort XML document can quickly exceed the Maximum
Transmisson Unit (MTU), 1500 bytes for Ethernet. XML Seridization compacts XML
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documents by replacing elements and attributes with specified tokens. Once seridized, the data
can be passed, and then deseridized at the receiver. (After Serin, 2003)

Data compression typicaly minimizes the amount of data hecessary to represent some
information. Often referred to as coding, the objective of data compression is to represent source
messages with corresponding code. XML uses markups to identify and describe data. While the
markup structure is not economic, as stated in Chapter [V: tersenessis of minimal importance,
the characteristics of XML are fundamenta for compression. Efficient representation of symbols
leads to a decrease of the space needed to store it, and if the data is self-describing, data can be
identified based on type and semantics. One system that has been developed for the compression
of XML dataisto use losdess compression techniques for the markup structure and both losdess
and lossy techniques for the data itself. Losdess and lossy techniques refer to the techniques
reversihility. Losdess compression means that decoded data are identical to origind data;
otherwise the compression techniqueis lossy.

C. FORWARD ERROR CORRECTION (FEC)

Forward Error Correction (FEC) isa“method of data encoding which gives the receiver
the ability to correct data received in error up to a preset bound.” According to thesis work
performed in 1995, FEC can reduce the number of required retransmissions by 3 to 15 percent.
The use of FEC is beneficid because acoudtic shalow-water data transmissons are unreligble
and an autonomous entity will often experience problems when passing a message to its intended
reveicer. FEC isabeneficid solution to this‘retry until you die€ syndrome, because it is easily
implemented, the most basic implementation requiring the use of a smple Hamming code. (See
Reimers, 1995 for more detail) Aswith the implementation of a XML-based mission control
language, one goa of FEC is standardization of the underwater acoustic data communications
community. (After Reimers, 1995)

D. USING SERIALIZATION TO IMPROVE UNDERWATER COMMUNICATIONS

Even though the speed of sound is dmost five times faster in water than in air, the data
transfer rate underwater does not compare to the data rate of land-based communications, which
essentidly travel at the speed of light. (After Schrope, 2003) Therefore, the ability to greetly
decrease the size of the file to be transferred would be make for an improvement in the speed of
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underwater communications. By programming the AUV s to export datain XML format, the data
could be seridized and then transferred at a much better rate.
E. SEMANTIC WEB AND APPLICATIONS

The Semantic Web isthe “representation of data on the World Wide Web. Itisa
collaborative effort led by [World Wide Web Consortium (W3C)] with participation from alarge
number of researchers and industrid partners.” (From W3C Semantic Web) Rather than being a
separate Web, the Semantic Web will be an extension of the existing World Wide Web. Through
the conceptua Semantic Web, information is given “well-defined meaning, better enabling
computers and people to work in cooperation.” (From Scientific American, 2001) One important
technology needed for the development of the Semantic Web that is dready in placeis XML.
XML dlows the user to “add arbitrary structure to their documents but says nothing about what

the structures mean.” (From Scientific American, 2001)

The idea of the Semantic Web is to make data on the web available to programs and
machines, much the way it is available to people. The Semantic Web applications can dso be
gpplied to data coming to and from AUV's. Currently, datafrom an AUV script file is readable
by humans. However, machines cannot process those same files. By exporting that detain a
meachine readable, vaidatable format, such as XML, the data can be archived, and reused months
or years later, by machines or programs, without a human in the loop. In addition, a vdidatable
file can be checked for completeness and correctness, vice just completeness.

F. SECURITY APPLICATIONS

In order to address the security issues created by XML, the W3C has created a
recommendation for security and authentication technologies cdled XML Digita
Signatures.(After Deitel, 2001) “Digita signatures provide integrity, Signature assurance, and
non-repudiatability over Web data” (From Digitd Signature Activity Statement, June 2003)
These features are especialy important to documents that contain such information as contracts,
price ligts, and manifests, and can be gpplied to use in transmission of datato and from AUVs.
Much of the data used in conjunction with the vehicles is senstive materid, and security of this
information is critical.

Cryptology, a branch of gpplied mathematics concerned with transforming messagesin to
unintelligible forms and back again, is used to creste and verify digitd Sgnatures. Digita
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signatures can take the form of a public or secret key system. With a secret key, both the sender
and receiver must have the key to verify the information. However, with a public key, a sender
can sgn a piece of information and anyone possessing the public key can authenticate that
information. (From Digita Signature Activity Statement, June 2003)

As mentioned above, agoa for AUVsisto be able to perform wireless communications
between an AUV on amission and amaster AUV, or a data collecting gation. In these types of
Stuations, security becomes amgor issue. Security of AUV missons may become important in
tactica Stuations. Security is needed both through the water, and over the Internet when orders
are transmitted. Acoustic communications are fundamentally insecure and low bandwidth.
However, encryption and authentication, in the form of digita Sgnatures and key digtribution,
are dready specified for XML. Thus, an XML based mission command language has a readily
available, no-cost security capability. As dways, any use of security in the underwater
environment will be case dependant and require careful implementation.

G. SUMMARY

Many opportunities for future work arise with the use of XML for AUVs. Asdways,
underwater communications require compressed files, in order to overcome problems due to low
bandwidth, and aso redundancy and forward error correction to overcome the amount of loss
and interference experienced during underwater communications. The Semantic Web isthe new
frontier for web applications and the use of XML as a misson command language for AUV's
begins to make the incluson of AUV's and the data collected by AUV's on the Semantic Web
possible. Findly, the use of acoustic communications creates many security issues that can be
cheaply and easily addressed using XML.
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IX. CONCLUSIONSAND RECOMMENDATIONS

According to Tim Berners-Lee' s keynote address a the WWW 2003 Symposium in
Budapest, Hungary May 2003, there are three stages to new users adopting XML. The fird stage
iswhat the heck is this stuff, and why isit useful for anything? Next, the user decides he will use
XML, but he doesn’'t have to undergtand or likeit. Findly, the user picks up hislaptop and tells
everyone, ydling, “Look at thist The whole world is here on my lgptop!” The purpose of this
thesis was to bring the reader at least to stage two. Numerous conclusions and recommendations
for future worth follow
A. CONCLUSIONS: AUVS AND XML

Currently, each type of AUV, eg. REMUS, BPAUV, RMS, and LMRS, has adigtinct
acquisition program and area of operation. While each vehicle performs similar operations, they
are unable to communicate without a human in the loop. One solution, introduced in thisthes's,
isto creste a common mission and data formatting language, usng XML. Once AUVs become
more prevaent in the Navy' s work, commands are likely to be usng multiple vehicles, for
multiple depth ranges. Without a common mission and data formatting language, multiple
vehicles mean multiple operators, or one operator, well versed in several computer- programming
languages. Not only is XML smpleto learn, relative to other computer languages, it dso offers
severd other advantages. Firdt, an XML document must be well formed, meaning that is must
have syntactic correctness. While other languages will not operate properly without proper
gyntax, none offers the immediate highlighting of the syntax error that any parser will givein an
XML document. Second, XML documents must validate againgt a schema. In the schema, the
operator can specify ranges for values or can require that the user enter one of a number of
specified options. Using atool like XML Spy, the user can vaidate their misson document
againg the schema, and highlight any mistakes. For example, if the vehicle references depth to
the water’ s surface and operates with depth as a positive number, the schema can be designed to
only alow posgtive vaues for depth. If a user tries to enter a negative number for depth, the
schemawill not vaidate, and the error will be highlighted.

Not only must XML be well formed, but the tags must dso match those specified in the
schema, both spelling and case. Once again, an error with the tag will prevent the XML
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document from vaidating. This feature of XML makes the need for redundant commands
unnecessary. Currently, the vehicle languages offer several synonyms of each command in the
hopes of avoiding a misspelled command. The best-case scenario of a misspelled command is
that the vehicle does not complete the assigned mission. The worst-case scenario of amisspelled
word is that the vehicle shuts down, sinks and is never seen again.

B. THE BIGGER PICTURE

Current AUV acquigtion programs require that the vehicle be able to output certain
information, such as bathymetry, bottom type, and contact and asset position, in USMTF format.
The stored data can be exported directly from the vehicle' s hard drive, over a network, into
GCCS-M/MEDAL. In addition, the ADS can take a mission datafile, strip out the desired data,
and convert it into USMTF format. However, neither of these methods alow for quick parsing
and error correction. When amessage is uploaded into MEDAL, it is automaticaly checked for
proper format and then given apass or fail. In order to correct afaled message, it is sometimes
necessary to delete and recreate huge chunks of data, which can be time-consuming and tedious.
Using XML, amessage will not vdidate, unlesswell formed, and in the format required by the
schema A smple XSLT style sheet can then be used to transform the document into USMTF
format, for uploading into MEDAL. Again, asmple parser immediately finds any errors.

Another reason that exporting in XML is an improvement over exporting in USMTF and
directly into the MEDAL system is that XML keeps relative pace with the advancement of
technology. While XML updates occur frequently, an update to the MEDAL system requires
Congressiona approva, and anywhere from one to five years of red tape. By comparison, aweb
year is gpproximatdy three months, so by the time the MEDAL updete is approved, the
technology is aready four to 20 years out of date.

C. RECOMMENDATIONS FOR FUTURE WORKSAND CONCEPTS

The Semantic Web is an extension of the current web, in which information is*“given
wdl-defined meaning, better enabling computers and people to work in cooperation.” (From
Berners-Lee, Hendler, Lassla) XML is an important technology aready in place for the
Semantic Web, because it allows usersto add arbitrary structure to their documents without
saying what the structures mean. (After Berners-Lee) In the future, commands will likely be
dedlin