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ABSTRACT

The purpose of this thesis is to study the manning and maintainability requirements of a
submarine unmanned undersea vehicle (UUV) program. This case study reviews current
commercial and military applications of UUVs and applies their principles to the
missions of the Navy’s submarine force. Past and current UUV efforts are lacking
requirements documents and the formal systems engineering process necessary to
produce a successful program of record. Therefore, they are not being funded for use by
the war-fighter. The Navy must develop formal concepts of operations (CONOPS) for
the missions and systems that it wants to produce and allow industry to begin
development for a formal future UUV program. Furthermore, the military has developed
countless unmanned systems that have been developed for use in the water, on the ground
and in the air, from which the Navy can apply important lessons learned. Lastly, analysis
suggests that the Navy should continue to support the use of a submarine detachment for

operation and maintainability of future vehicle programs.
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EXECUTIVE SUMMARY

A. BACKGROUND

In 2004, the Navy unveiled the Sea Power 21-inspired Unmanned Undersea
Vehicle (UUV) Master Plan, which defined the nine missions of UUVs and the four
different vehicle classes that could support those missions. The Navy has made some
fundamental changes in their development, testing, and acquisition of UUVs, but even
with the Master Plan’s recommendations, years later, there is no current submarine UUV
program of record. This thesis utilized government and industry resources to focus on
the systems engineering fundamentals that are necessary to have a successful submarine
UUV program in the near future. Moreover, the intent of this thesis was to research past
and current programs and missions and provide recommendations for the manning and
maintainability aspects of the systems engineering lifecycle. To do this, the research
started with the large-scale concept of UUVs and eventually focused on the manning and
maintainability aspects that are specifically related to UUVs in support of submarine

missions.

The purpose of this thesis was to provide recommendations for the steps
necessary to have a successful submarine UUV program of record. Additionally, the
thesis discusses the impact that unmanned undersea vehicles will have on the submarine
force, focusing on the two key areas of manning and maintainability. In doing this
research, assumptions have been made that the technological challenges of deploying
UUVs from, or in tandem with, submarines are ones that will be possible to overcome.
Lastly, this thesis was completed as an UNCLASSIFIED document. Though some of the
research did involve classified discussions, presentations, and documents, they were not
used in any capacity for the final write-up. As a result, some systems, technologies,
missions, and information have been presented in a focus different or separated from

doctrine discussed directly by the United States Navy.
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B. UTILIZING UUVS TO SUPPORT SUBMARINE MISSIONS

UUVs are not a new concept. The necessary technologies exist and members of
industry and military have been using forms of UUVs for many years. This does not
mean, however, that UUVs are ready to perform all missions required of their military
stakeholders. UUV missions lack importance unless there is a clear benefit to be gained
from their deployment. Three high level advantages of unmanned systems in the

maritime domain are that they can decrease cost, increase capability, and reduce risk.

The two major factors that contribute to the various types of UUVs are size and
complexity. UUVs are broken into four classes, based on their displacements. For the
intent of a submarine program, the two larger classes (as defined by the 2004 UUV
Master Plan) of Heavy Weight Vehicle (HWV) (21-inch diameter and less than 3000
pounds of displacement) and Large Vehicle (greater than 26-inch diameter and
approximately 20,000 pounds of displacement) are considered. Additionally, unmanned
system complexity is a factor of the level of autonomy, which can range between human-
operated and fully autonomous. Ideally, a UUV program would utilize a fully
autonomous vehicle, but this is one of the technical challenges currently faced by the
Navy and the industrial developers. Though the technology does exist, it requires the
confidence of the operator moving forward.

Future naval battles will rely heavily on advantages gained through the
combination of strategies, tactics, procedures, and technologies called network-centric
warfare and implemented through the strategy of ForceNet. These ideas rely heavily on
Joint Force assets working together with common communication nodes. Large-scale
undersea networks, like those adhering to ForceNet will be used heavily in the future of
undersea warfare (USW), with UUVs acting as crucial communication nodes to and from
submarine and surface assets. Out of the nine key mission areas discussed in the 2004
UUV Master Plan, three specific missions should be considered for a near-term
submarine UUV program and can be evaluated as part of the overall ForceNet image.

These missions are:

Xiv



Intelligence, Surveillance, and Reconnaissance (ISR). There are four
fundamental tasks necessary to complete an ISR mission: collect,
communicate, process, and act. Due to the simplistic nature and emerging
technologies, the submarine ISR mission-set will see the first full scale use
of UUVs.

Communications. Communication is an important aspect for all military
operations. Underwater communications are complex and pose many
problems in the area of USW. One technology is to utilize digital acoustic
communications in modem-like bursts to communicate between a
submarine and a network of UUVs acting as communication nodes. There
are multiple programs being worked on by industry that make use of this

theory and have the ability to perform the desired missions.

Anti-Submarine Warfare (ASW). Submarines have always played a
vital role in ASW. The force multiplication factor added by UUVs will
allows them to constantly patrol and monitor areas of interest. UUVs and
friendly submarines could remain in constant communication, relaying
valuable mission and classification data, which would drastically increase

the overall effectiveness of current ASW tactics.

Though there have been past programs, and current projects, that focus on the

levels of complexity, two vehicle sizes, and three missions discussed, there is no current

UUV program of record relating to submarine operations. The extinct programs and

current projects lend themselves to lessons learned for future success. The submarine

UUV programs that have failed can be attributed to lack of requirements and improper

system development. Each of these programs, however, has given the Navy valuable

insight on the manning and maintainability requirements of future UUV programs.

The biggest technical challenges faced by past programs have been the interaction

between the submarine and UUV. Possible submarine-UUYV interactions include:

Launch and Recovery. The ability to launch and recover a UUV from a
submarine is the greatest technical challenge that has led to the failure of
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at least two programs [Long-term mine reconnaissance system (LMRS)
and mission reconfigurable UUV (MRUUV)]. Emerging technologies are
coming close to making this mission possible, but both physical space and

maintenance routines are still a challenge on board a submarine.

Launch without Recovery. Setting up a scenario with UUV system
launch via a torpedo tube, missile tube, or dry-deck shelter will allow for
covert deployment of one or more UUVs while avoiding the drawbacks
associated with space considerations to support organizational level
maintenance and technical risks of torpedo tube recovery. Upon mission
completion, the UUV could either be abandoned or recovered by use of a

support ship.

Non-physical Interactions. Regardless of the form of deployment, there
are several possible non-physical interactions between the submarine and
UUV, including: mission control, consumer/interrogator of data, and
docking station delivery. Each of these interactions hold true for all forms
of UUV launch and recovery. Designing UUV and submarine interactions
independent of the launch source will help transition to a less “platform
centric” design of UUV systems. When systems can be designed without
the platform in mind, there is more room for growth and an increased

chance of long-term success for a program.

Additionally, Unmanned Ground Vehicles (UGVs) and Unmanned Aerial

Vehicles (UAVSs) have been in use longer than UUVs. This longevity provides the UGVs

and UAVs with valuable lessons learned that can be applied to their undersea

counterparts. This thesis discusses eleven lessons learned that can apply to the manning

and maintainability practices. These lessons are:

Uncertainty promotes survival
Simpler solutions provide better foundations

Many simple cooperating agents are superior to one complex agent
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° Maintenance should be done at the user level

. System requirements should be clear up front

. Acquire reliability data throughout all stages of development
. Structure a process for sharing data

o Limit the number of design configurations

J Consider supportability up front

. Endurance has its benefits

. Minimize the levels of redundancy

C. SYSTEMS ENGINEERING OF A SUBMARINE UUV PROGRAM

There are four fundamental stages to system design lifecycle. This four-stage
process has analysis, verification, and feedback occurring simultaneously with each step.
All four stages are required for a program to be “Systems Engineered” correctly. To
successfully complete a mission or set of missions, the four stages of the process need to

occur in the following order:

. Develop Requirements, based on missions
. Determine Tasks, based on requirements
. Create Functions, based on tasks

. Design Components, based on functions

Proper requirement definitions are produced with the system stakeholders and are derived
from the mission requirements. Unfortunately, this stage is often not understood by the
customer and requires the attention of a formally trained Systems Engineer. Many
engineers feel the role of the systems engineering process begins at the requirements
document, when in fact the Systems Engineer should work directly with the stakeholder
to understand the requirements and eventually formalize those requirements. Current

Navy submarine UUV projects have shown success in various at sea tests, but are not part
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of a formal program and have included unclear, if not completely undefined,
requirements. This shortfall has meant that even though the programs may have
performed up to the operator’s expectations, the funding line is not in place for future

development of the systems and, as a result, may leave them forever sidelined.

Feedback should not only be done internal to the system, but must be used from
similar programs to gather valuable data necessary to maximize the probability of
successfully engineering a new complex system. Lack of feedback has caused past UUV
programs, with clearly stated requirements, to develop to a certain level and then become
cancelled by the Navy, for there to be a new programs started from the beginning.
Ideally, it is not only important that a program has requirements, but it will also need to

take lessons learned from previous similar programs.

In the systems lifecycle, there are three different stages of design: conceptual,
preliminary, and detail. This incremental process allows the inter-stage feedback to
provide real time response and allows for flexibility in the growth of the design process.
Future submarine UUV systems should account for manning and maintainability during

the developmental stages of the systems engineering lifecycle.

Sample concepts of operations (CONOPS) were created to offer suggestions for
the specific types of missions the Navy should pursue for a submarine UUV program and
the manning and maintainability suggestions that would apply to these missions. The two
discussed CONOPS were:

) Group of Submarine Launched UUVs. Small, torpedo tube-launched
UUVs would be ideal to complete an ISR mission. Several of these UUVs
would be launched from a submerged submarine and would transition into
an area of interest. The lead UUV would surface and extend a mast to
collect intelligence data. The other UUVs would act as communication
nodes and relay the information to be analyzed onboard back to the
submarine. This mission would require a cadre of five individuals aboard
the submarine operating the systems and performing minimal

organizational level maintenance during the deployment.
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. Group of Large Diameter UUVs (LDUUVs). LDUUVs could be
launched from a Littoral Combat Ship (LCS) to complete a harbor
monitoring and tracking ASW mission. Multiple LDUUVs would be
launched and recovered from the LCS, while the submarine would remain
near the operational area and communicate with the LDUUVS, relaying
critical mission data. This scenario would require a small group of
operators on the submarine and a mix of ten Navy personnel and
contractors on board the LCS. This scenario supports longer missions and

would require that extensive maintenance be performed on board the LCS.

These CONOPS do not provide all of the solutions of decision makers, but rather gives

them a stepping point for future submarine UUV program development.
D. CONCLUSIONS AND RECOMMENDATIONS

The government is devoting much effort in the formal training and proper use of
Systems Engineers. As a result, many programs are seeing an increase in their
productivity during the early stages of lifecycle development. Unfortunately, many
programs are being researched and tested using informal processes through government
organizations like ONR and DARPA and are ultimately cancelled due to funding
concerns. Though there is a place for research and development of technologies, the
current procedures are sidelining UUV programs that have performed up to, and in some
cases beyond, operator’s expectations. Many programs in development are outside the
needs of preliminary development and must be pursued in the form of a formal program.
To ensure a successful program, the systems will need to be developed using a formal
systems engineering process. Adhering to these processes will ensure that a successful

program will retain funding.

To do this, the Navy must start with a clearly defined mission and then follow
four basic systems engineering steps to develop the ideas into systems. This will require
the government to produce ideas independent of the end product in mind. The intent of
the thesis was to analyze the impact of a submarine UUV program on the manning and
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maintenance of the submarine force. Outside of the systems engineering and

development

conclusions:

process concerns discussed previously, this thesis comes to three

Focus the Missions. This study shows that the Navy should only focus on
three short-term missions for a submarine UUV program: ISR,
communications, and ASW. These missions were chosen based on
operator demands, and are the missions that are most easily accomplished
with the current technologies available. The challenges (other than
budgetary ones) that face current ISR and ASW missions are longevity,
and launch and recovery. This research suggested ways of creating
programs that will gain successful mission results in the near-term, while
still adhering to the technical constraints faced by UUV developers. One
example includes the use of multiple vehicles to complete the same

mission as a single long endurance vehicle.

Learn Lessons from UGVs and UAVs. UGVs and UAVs provide
several similarities to UUVs and were the basis for the eleven lessons
learned pertaining to the development of UUV systems. The eleven
lessons were diverse in their relation to UUVs, but all provided ideas that
should be considered during the front-end system development process
that directly relate to the manning and maintainability of a program of
record. These lessons (along with any others shared amongst the program
offices) should all be considered prior to spending more money on testing,

developing, and fielding new unmanned systems.

Consider Manning and Maintainability. The original intent of the
research was to understand the manning and maintenance models and
concerns that UUVs would have on the submarine force. Past systems
have neglected the impact of logistics on the deployment of new systems,
and it is important that the developers of a submarine UUV program do

not forget this. The limited size, space, and crew aboard a SSN will
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require these thoughts to be fully considered before the program enters the
advanced development stages. Analysis suggests that operators should
continue to be part of a cadre of submarine qualified sailors with diverse
ratings. These operators must be qualified to both operate and maintain
the systems at both the organizational and intermediate maintenance

levels.

The intent of this thesis was to focus on the abstract, high-level concepts that will
effect the manning and maintainability aspects of the systems engineering process. As a
result, the scope of this thesis has led to several areas of further research for future
studies. The future work to expand this thesis into real world applications should be done

in the areas of trade studies, technologies, lessons learned, and requirements.
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l. INTRODUCTION

A. BACKGROUND

In 2004, the Navy unveiled the Sea Power 21-inspired Unmanned Undersea
Vehicle (UUV) Master Plan, which defined nine missions of UUVs and four different
vehicle classes that could support those missions. On top of the generic missions and
vehicles, the new Master Plan defined six key recommendations for moving forward
(Department of the Navy, 2004):

1. Develop four UUV classes: Man Portable (<100 pounds), Light Weight
(=500 pounds), Heavy Weight (~3000 pounds), and Large (~20,000
pounds)

2. Develop standards and implement modularity

3. Establish a balanced UUV technology program

4, Increase experimentation in UUV technology

5. Coordinate with other unmanned vehicle programs
6. Field systems in the fleet

The Navy has made some fundamental changes in their development, testing, and
acquisition of UUVs, but even with these recommendations, years later, there is no
current submarine UUV program of record. This thesis utilized government and industry
resources to focus on the systems engineering fundamentals that are necessary to have a
successful submarine UUV program in the near future. Moreover, the intent of this thesis
was to research past and current programs and missions and provide recommendations
for the manning and maintainability aspects of the systems engineering lifecycle. To do
this, the research started with the large-scale concept of UUVs and eventually focused on
the manning and maintainability aspects that are specifically related to UUVs in support

of submarine missions.

The analysis began with generic UUV missions and systems used by both

industry and military entities. After the discussion of generic use of UUVs, the next
1



focus is on submarine missions that can be supported by UUVs, and which of past and
present Navy programs can support those missions. Next, eleven lessons learned from
unmanned ground vehicles (UGVs) and unmanned aerial vehicles (UAVs) are introduced

and discussed.

The main focus of the thesis was a systems engineering discussion with extra
emphasis put into the manning and maintainability stages of the systems engineering
lifecycle, and the impacts these stages will have on the submarine fleet after UUV
implementation. This discussion leads into the introduction of two sample concepts of
operations (CONOPS) that integrate all aspects of research of the thesis. The purposes of
the CONOPS are to lay out recommendations for the Navy as they move forward in

development of a formal UUV program.

B. PURPOSE

The purpose of this thesis was to provide recommendations for the steps
necessary to have a successful submarine UUV program of record. Additionally, the
thesis discusses the impact that unmanned undersea vehicles will have on the submarine
force, focusing on the two key areas of manning and maintainability. In doing this
research, assumptions have been made that the technological challenges of deploying

UUVs from, or in tandem with, submarines are challenges that the Navy can overcome.

C. RESEARCH QUESTIONS

This thesis addresses the following research questions as a means of research and
direction for the thesis.

1. Which UUV missions are most likely to occur in the near future? Are

these missions feasible for the Navy?

2. Which of the UUV missions are most applicable to support the submarine
force? Will these missions require deployment/retrieval from a submarine

platform?



3. Have unmanned ground vehicles (UGVs) and unmanned aerial vehicles
(UAVs) provided any lessons learned during their employment in military

operations?

4. Will UUVs have a detachment to support their use, or will they utilize
ship’s force? Will the operators be contractors or military? If military,
which ratings will be used to operate these systems? Will additional
ratings be necessary to accommodate the mission sets? What training is

necessary for the operators?

5. What changes in the current infrastructure for maintenance and system
support are necessary to complete the missions of both the UUVs and
submarines? Can the maintenance be done on board (operator level), or
will other vessels and facilities be required? Does the use of UUVs

change the original schedule of the host submarine?

D. BENEFIT OF STUDY

This thesis begins the valuable systems engineering necessary to develop and
deploy UUVs for use by the submarine force. Additionally, the collaborative nature of
this thesis aids in breaking down the “stove-pipe” system currently in place for UUV

development.

E. SCOPE AND METHODOLOGY

It is important to note that this thesis is UNCLASSIFIED. Though some of the
research did involve classified discussions, presentations, and documents, they were not
used in any capacity for the final write-up. As a result, some systems, technologies,
missions, and information have been presented in a focus different or separate from
doctrine discussed directly by the United States Navy (USN). These differences are
understood, but bear little relevance to the overall conclusions and recommendations

cited by this work.

This scope of research was limited to only unmanned undersea vehicles and their

impact on the submarine fleet. Though it takes lessons learned from UAVs and UGVs, it
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will neglect the impact of these systems and the collaborative effort they can bring to the
Navy. Similarly, other vessels and missions may take advantage of UUVs in the Navy
but the research focused specifically on UUVs designed to aid with submarine missions.
The only non-submarine platforms that were researched were vessels that may be
necessary for system support or deployment [i.e., Littoral Combat Ship (LCS) or

submarine tenders].

The research began by attending conferences relevant to UUVs. These
conferences, hosted by the National Defense Industrial Association (NDIA) and the
American Society of Naval Engineers (ASNE) had the dual benefit of providing useful
information about UUV systems and created networking amongst the author and
Department of Defense (DoD) and industry contacts. After generating a list of useful
contacts after each conference, the author framed questions specific to their expertise and

conducted interviews via email, phone, and in person.

This information helped focus efforts toward the manning and maintainability
aspects of UUV operations and generated the needs and constraints faced by the
stakeholders of the future UUV systems. The interviews were followed by researching
current UUV systems (which lead to more interviews) and exploring previous impacts of
both UGVs and UAVs on their operators and maintainers. This data was analyzed and
coupled together to reach the conclusions and recommendations of this thesis and to

provide areas for additional investigations.

F. CHAPTER SUMMARY

This chapter outlined the background, purpose, research questions, benefit of
study, and scope and methodology that has gone into the development of the thesis. The

content of this section provided the focus areas necessary to direct the thesis research.



Il.  UUV MISSIONS AND SYSTEMS

A. INTRODUCTION

UUVs are not a new concept. The necessary technologies exist and members of
industry and military have been using forms of UUVs for many years. For example, a
torpedo is a type of UUV. This does not mean, however, that UUVs are ready to perform
all missions required by their military stakeholders. This chapter will outline various
UUV missions for the Navy and introduces various industry vehicles that support similar
operations. It is not the intent of this chapter to directly link military missions to specific
brands of UUVs.

B. UUV MISSIONS
1. Advantages of UUVs for Military Operations

UUV missions lack importance unless there is a clear benefit to be gained from
their deployment. To address this, dozens of unique advantages of UUVs could be listed;
instead, the list was refined to three distinct advantages of using unmanned systems in the
maritime domain. The three high level advantages of unmanned systems are decreased

cost, increased capability, and reduced risk.

a. Decreased Cost

Properly distributing UUVs will greatly reduce the cost of patrolling the
vast oceans (Heatley, Horner, & Kragelund, 2005). Though the individual systems may
cost between several hundred thousand and a few million dollars, they are much cheaper
than the SSN equivalent of over two billion dollars. Additionally, as will be discussed in
the systems engineering chapter, the manning and maintainability requirements for
individual UUVs have the ability drastically reduce the lifecycle costs (LCC) of
unmanned versus manned systems. This thesis does not evaluate a full cost benefit
analysis (CBA) of UUVs; even without this analysis it immediately is evident the cost

savings these systems provide to the military.



b. Increased Capability

Though cost is an initial driver for implementing unmanned systems, this
cost reduction will not happen overnight. Initial UUV deployments will actually result in
an increase in cost (and manning), since the Navy will continue to deploy manned
systems in conjunction with the new unmanned systems. What the Navy will gain,
however, is an increased capability of the systems that take advantage of UUVs. Upon
achieving “steady state,” it is projected that UUVs will increase capability and reduce

manning and decrease cost.

The missions provided by UUVs are not new to the Navy, but the
situations in which these missions can be accomplished are the capabilities the UUVs
provide. Amongst the capabilities is the access to unique environments provided by their
smaller, less detectable size, in comparison to manned systems. This versatility provides
an increased benefit in several mission sets in the littoral waterways, including mine
detection, payload delivery, and intelligence gathering. Another capability, often utilized
in UAVSs, is collaborative networking. A group of UUVs can fuse sensor data and
provide communication nodes back to the manned host platform, increasing the
effectiveness of specific undersea mission areas (Fraser, 2009).

C. Reduced Risk

Unmanned systems remove the operators from the hazardous
environments in which they operate, instantly creating a safer environment for the war-
fighters. Eliminating the manned portion of these missions will additionally reduce risk
by allowing the operator to focus on mission planning, situation and knowledge

management, and decision making (Fraser, 2009).

2. UUV Sub-Pillar Missions

The 2004 UUV Master Plan outlines nine essential missions that can be linked to
UUVs, called “sub-pillars.” These sub-pillars, in “priority” order, are (Department of the
Navy, 2004):



1. Intelligence, Surveillance, and Reconnaissance (ISR)
2. Mine Countermeasures (MCM)

3. Anti-Submarine Warfare (ASW)

4. Inspection / Identification (ID)

5. Oceanography

6. Communication / Navigation Network Nodes (CN3)
7. Payload Delivery

8. Information Operations (10)

0. Time Critical Strike (TCS)

a. Vision of Sea Power 21

In a 2002 article in Proceedings Magazine, the then Chief of Naval
Operations Admiral Vern Clark outlined his vision for how the future Navy will organize,
integrate, and transform itself to the 21* century. He called his new vision “Sea Power
21.” Sea Power 21 consists of three fundamental concepts of naval operational
effectiveness: Sea Strike, Sea Shield, and Sea Basing. Each of these capabilities was
constructed around the main concept of ForceNet which is the “operational construct and
architectural framework ... integrating warriors, sensors, command and control,

platforms, and weapons” into a state-of-the-art combat force (Clark, 2002).
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Figure 1.

b.

Initial vision of Sea Power 21 (From: Clark, 2002)

Relating Sea Power 21 to Nine Sub-Pillars

UUVs provide a key component to the vision of Sea Power 21, utilizing

the UUV advantages of reducing risk and increasing capabilities through force

multiplication. The nine sub-pillars can be grouped into categories relating directly to the

four segments of Sea Power 21, shown in Table 1. The missions that specifically relate

to submarine related missions will be further detailed in the next chapter.

Table 1. Mapping of the nine sub-pillars to Sea Power 21 vision (After:
Department of the Navy, 2004)
ForceNet Sea Strike Sea Shield Sea Basing
- ISR -10 - ASW — Payload Delivery
— Oceanography —-TCS - MCM
—CN3 — Inspection/ID




C. UUV SYSTEMS

The number of missions that can be supported by UUVs is endless. This section

will discuss the four vehicle classes defined by the 2004 Navy UUV Master Plan and list

some of the many vehicles that have been developed for commercial and military use.

1.

UUV Vehicle Classes

There are four vehicle classes for UUVs as defined by the 2004 Navy UUV
Master Plan. These classes are 1) Man-Portable, 2) Light Weight Vehicle (LWV), 3)
Heavy Weight Vehicle (HWYV), and 4) Large Vehicle, as characterized in Table 2.

Table 2. Definition of UUV classes for nominal levels of performance (After:
Department of the Navy, 2004)
Class Diameter | Displacement | High Load Low Load | Payload
(inches) (pounds) Endurance | Endurance | (cubic feet)
(hours) (hours)
Man-Portable | 3-9 <100 <10 10-20 <0.25
LWV 12.75 ~ 500 10-20 20 -40 1-3
HWV 21 < 3000 20 — 50 40 - 80 4-6
Large > 36 ~ 20,000 100 — 300 >> 400 15-30

The vehicle class diversity allows for flexibility in vehicles for meeting the nine

UUV sub-pillar capabilities outlined in the 2004 Master Plan. Each class and sub-pillar
has several different specific missions that can be accomplished, and Table 3 links some

of the generic missions of each sub-pillar to its applicable vehicle class.



Table 3.

Classes of UUVs mapped to generic missions of the nine sub-pillars
(After: Department of the Navy, 2004)

Mission Man-Portable | LMV HWV Large
ISR Special Purpose | Harbor Tactical Persistent
MCM VSW /SCM Operating Area | Clandestine
Neutralizers Clearance Recon
ASW Hold at Risk
Inspection/ID HLD / Force
Protection
Oceanography Special Purpose | Littoral Access | Long Range
CN3 VSW / SOF Mobile CN3
Payload SOF, ASW,
Delivery MCM, TCS
10 Network Attack | Submarine
Decoy
TCS SOF, ASW,
MCM, TCS

2. Sample UUV Platforms

It is important from an economic standpoint to combine, wherever possible,
commercial and military development of UUVs.
NDIA Undersea Warfare (USW) division working group for PMS 403 in a 2004 study
entitled “Open Architecture, Dual Commercial/Military Use of Large Displacement

This concept was researched by an

Unmanned Undersea Vehicles.” This study drew a main conclusion of the limitations of
21-inch HWVs from an energy storage and payload perspective. The study suggested
that large UUVs increase the operational capabilities needed by the future Navy, and
focused on various ways of deploying such systems from host platforms (to be discussed
in further detail in the next chapter). In order to be able to afford these large UUVs, the
Navy cannot be the only stakeholder. Though, at the time of the study, there was no clear
demand for large UUVs in the private sector, NDIA researchers suggested that
Government partnerships and incentives may create a future demand (National Defense
Industrial Association, 2004).

This study confirms the desire of the Navy to use commercial off-the-shelf
(COTS) systems for future UUV needs. The use of COTS systems will require today’s

UUVs to be upgraded to military standards prior to Navy use. Though this may not be an
10




easy task, current industry vehicles used by private firms and/or developed by research
institutes can provide a baseline for the technology and capabilities that will be seen in
the Navy’s future UUVs. Some of the many potential COTS vehicles are introduced in
the following pages and related to the UUVs discussed in later parts of this thesis. The
vehicles featured in Table 4 were selected due to the diverse nature with respect to each

other.
Table 4. Summary of sample UUVs analyzed

Name Length Diameter Max Depth Endurance
REMUS-100 63 inches 7.5 inches 400 feet 8 hours @ 5 knots
Bluefin-21 130 inches | 21 inches 600 feet 18 hours @ 3 knots
ASM-X 20 feet 21 inches Unknown 30 hours @ 2 knots
HUGIN 3000 17 feet 3.3 feet 10000 feet 50 hours @ 4 knots
Slocum Glider | 5 feet 8.5 inches 3000 feet > 30 days

a. REMUS-100, Woods Hole Oceanographic Institute

Remote Environmental Monitoring Units (REMUS) is a man-portable
vehicle created by the Woods Hole Oceanographic Institute (WHOI) and is one of the
smallest UUVs operated by the Navy. The small size of the system allows for single
operator deployment without the need of a sophisticated (or expensive) launch and
recovery apparatus. One current military application of the REMUS-100 is MCM
operations by the Explosive Ordnance Disposal (EOD) community. A user evaluation
was conducted as part of their procurement strategy for Program Executive Office
Littoral Mine Warfare (PEO LMW) from 2001 — 2003, uncovering important lessons
learned and operational capabilities explicit for very shallow water (VSW) MCM.
Logging over 250 hours in 150 missions, the EOD team’s UUV Platoon was able to gain
confidence in the equipment and confirmed operational suitability prior to deploying the

vehicles during Operation Iragi Freedom (OIF) (Clegg & Peterson, 2003).
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Figure 2. REMUS 100 vehicle in use by the Navy EOD community in
VSW MCM testing (From: Clegg & Peterson, 2003)

b. Bluefin-21, Bluefin Robotics

Designs of military applications of UUVs are often focused toward those
with 21-inch diameters. This size is the same as a mark-48 torpedo and can often be
visualized best by the future UUV operators, as well as has an immediate benefit of being
able to be launched and recovered from a torpedo tube (though technologically this feat is
much more difficult than the average sailor would assume). The main appeal of the 21-
inch diameter UUV, however, is in regard to its logistics. The handling and maintenance
of this size of vessel is well understood and has been in practice for several years, which
has made it very common for both industry and military applications. One example is the
Bluefin Robotics Bluefin-21 Autonomous Underwater Vehicle (AUV) and the military
follow-on of the Battlespace Preparation Autonomous Underwater Vehicle (BPAUV).
The original Bluefin-21 design consists of modular variable length payload design on a
common hull and was based on the Atlantic Layer Tracking Experiment AUV, which
was used in seafloor surveys throughout the Arctic basin (Bellingham, et al., 2000). The
systems have a unique feature of battery modules which allow for quick (<2 hour)
turnaround deck time between its 18-hour deployments. When the BPAUV was
produced for Fleet Battle Exercises, the modular design was replaced with common
payloads necessary for bathymetry and bottom classification in battlespace preparation

missions (Bluefin Robotics, 2009).
12
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Figure 3. Schematic of Bluefin-21 BPAUV (From: Bluefin Robotics, 2009)

C. ASM-X, DCNS

A militarized similarity to the Bluefin-21 BPAUV is the ASM-X.
Developed by the French defense contractor DCNS, the ASM-X has been designed with
F21 torpedo requirements, allowing the UUV to be launched and recovered from
submarine torpedo tubes. Once deployed, it increases the operational capability of
submarines by covertly gathering and transmitting real time intelligence information
collected during its patrol. The modular design of the vessel allows for ease of

maintenance and dynamic performance by swapping onboard payloads (DCNS, 2010).

Figure 4. ASM-X in a laboratory broken into modular components (From: DCNS,
2010)
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d. HUGIN 3000 AUV, Kongsberg

Because of their ability to endure, the Navy has been driving away from
the smaller displacement UUVs and into the realm of the HWV and Large classes. The
HUGIN 3000, developed in Norway, is a proven commercial UUV that is being
militarized for various European navies. A large-scale vessel such as this gives the Navy
the ability to reach deep seas (up to 10,000 feet) in a reliable, covert fashion. In order to
be successful for USN operations, the vessel would have to be modified to military
specifications. The team at C&C technologies, who currently use various HUGIN
vessels for commercial mapping, believes that a militarized variant of the HUGIN 3000
would be ideal for the variety of missions being pursued by the Navy, including

surveillance, mine reconnaissance, and weapons delivery (Kleiner, 2004).
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Figure 5. HUGIN 3000 shown on the recovery platform (From Kleiner, 2004)

e. Slocum Glider, Webb Research Corporation

Propeller-less glider technology varies from traditional UUV technology.

Often referred to as underwater flight, gliders rely on varying vehicle buoyancy for
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forward motion, constantly propelling forward while maintaining a “saw-tooth” depth
pattern. This motion decreases the accuracy of the vessel movements, but increases the
endurance drastically. Additionally, during each periodic surface the glider is able to
communicate mission data and obtain navigation coordinates via the global positioning
system. Payloads can be varied in gliders, but current systems do not focus on military
operations and consist of conductivity, temperature, and depth sensors. An overall
CONOPS graphic showing the vehicle motion and communication can be found in Figure
6 (Teledyne Webb Research, 2010).

Slocum gliders, produced by Webb Research, have two different designs,
electric and thermal. The electric gliders use alkaline batteries to change buoyancy and
have ranges up to 1500 km and endurance of around 30 days; thermal gilders use a
thermal engine making the range over 40,000 km and theoretical endurances of five years
(Teledyne Webb Research, 2010). Naval applications would most likely push toward the
electric technologies, but in either case, gliders produce the endurance benefits the Navy
desires while keeping size, maintenance requirements, and operating costs low.

Figure 6. Slocum electric glider high-level mission CONOPS (From: Teledyne
Webb Research, 2010)
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3. Levels of Autonomy

There are six levels of autonomy in a vehicle, as defined by the Office of Naval
Research (ONR) Uninhabited Combat Air Vehicles Program (National Research Council,
2000):

o Fully autonomous. The system requires no human intervention to
perform any of the designed activities across all planned ranges of

environmental conditions.

. Mixed initiative. Both the human and the system can initiate behaviors
based on sensed data. The system can coordinate its behavior with the
human’s behaviors both explicitly and implicitly. The human can
understand the behaviors of the system in the same way that he or she
understands his or her own behaviors. A variety of means is provided to
regulate the authority of the system with respect to human operators.

. Human-supervised. The system can perform a wide variety of activities
once given top-level permissions or direction by a human. The system
provides sufficient insight into its internal operations and behaviors that it
can be understood by its human supervisor and be appropriately
redirected. The system cannot self-initiate behaviors that are not within the

scope of its current directed tasks.

. Human-delegated. The system can perform limited control activity on a
delegated basis. This level encompasses automatic flight controls, engine
controls, and other low-level automation that must be activated or

deactivated by a human and act in mutual exclusion with human operation.

. Human-assisted. The system can perform activities in parallel with
human input, thereby augmenting the ability of the human to perform the
desired activities. However, the system has no ability to act without

accompanying human input.
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. Human-operated. All activity within the system is the direct result of
human-initiated control inputs. The system has no autonomous control of
its environment, although it may be capable of information-only responses

to sensed data.

Complications with undersea communications and sight make human-operated,
human-assisted, and human-delegated operations of a UUV to have extremely limited
capabilities. Human-supervised and mixed initiative control is possible through a
tethered undersea vehicle, but is outside of the scope of this thesis. This means that,
ideally, a UUV program would utilize a fully autonomous vehicle, but this is one of the
technical challenges currently faced by the Navy and the industrial developers. Though
the technology does exist, it requires the confidence of the operator moving forward.
This thesis will assume that the UUV systems discussed will have the ability to operate
under a fully autonomous mode. This distinction is often made by using the phrase
AUV, opposed to a Remotely Operated Vehicle (ROV), but will apply to the phrase UUV
throughout this thesis.

In an unmanned system, an increase in the mission autonomy will cause an
increase in the amount of system complexity. The relationship between the two is shown
in Figure 7, where “Mission autonomy” is a factor both of mission complexity and the
degree of autonomy, placed on a generic scale between 1 and 10. (National Research
Council, 2005).
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Figure 7. Relationship between mission autonomy and system complexity for

unmanned systems (From: National Research Council, 2005)

With advances in technology, it is possible in the long run to see a leveling out of
the system complexity with an increase of mission autonomy. This can be noticed in the
figure above by the lessened degree of complexity for UUVs compared to UAVS. This
reduction in system complexity can be attributed to the higher degrees of autonomy in
UUVs with fewer communications (which are relatively complex) between the platform
and the host vessel / operator (National Research Council, 2005). Additionally, there is a
sizeable decrease in the complexity of balance and control in an undersea platform
travelling at less than ten knots versus a flying platform travelling at several hundred

knots.

These facts are helpful to understand when a Systems Engineer uses the level of
mission autonomy (and thus system complexity) as a design choice. System design is an
iterative evaluation of requirements and CONOPS given a varying set of design inputs.
In the case of an unmanned vehicle, the degree of autonomy capability is a direct input to
the design of the command-and-control system (C2S), mission management system

(MMS), and vehicle management system (VMS), shown in Figure 8 (National Research
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Council, 2005). The autonomy, subsystem, and vehicle capabilities should be equally
traded to maximize the overall mission and system capability, as determined by the
Systems Engineer (in the case of Figure 8 it is determined in the example shown by

mission effectiveness, vehicle survivability, and system affordability).
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Figure 8. A trade-off study methodology incorporating level of mission autonomy

as a design choice (From: National Research Council, 2005)

A successful UUV system must be designed with high levels of autonomy, and
therefore with large degrees of complexity. Though this topic is not discussed in great
detail in this thesis, this and other trade studies must be fully completed when creating a
successful submarine UUV program. A further discussion of trade studies appears in
Chapter V.

D. CHAPTER SUMMARY

This chapter reviewed the 2004 Navy UUV Master Plan and cited the nine sub-

pillar missions, vision of Sea Power 21, and the four vehicle classes. Various industry
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UUVs were introduced to set a foundation for the types of systems and capabilities that
will be possible for use by the military. The COTS systems cited in this chapter will be
revisited during the Systems Engineering chapter. Little discussion in this thesis will
focus on the levels of autonomy beyond the short discussion in this chapter, and all

systems will be assumed to operate in a fully autonomous mode.

The sample UUV platforms are not intended to provide any recommendations for
specific vehicles or imply that these vehicles adhere to military standards. The next
chapter will focus on which missions and vehicles are most applicable for use by the

submarine force.
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1.  UUVS IN SUPPORT OF SUBMARINE MISSIONS

A. INTRODUCTION

The ability to perform missions undetected and maintain global dominance
through threat deterrence makes submarines a vital asset to the Navy’s Fleet. As UUVs
become more popular for use by the DoD, it only makes sense to combine their missions
with the missions currently completed by submarines. The construction of the Virginia
Class submarines, and the conversion of the SSBNs to SSGNs, opens the door to many
missions that can heavily involve unmanned systems. This chapter will discuss some of
the possible missions that combine UUVs and submarines and present some of the past
and present Navy programs that have merged UUVs with submarines.

B. SUBMARINE UUV MISSIONS

Future naval battles will rely heavily on advantages gained through the
combination of strategies, tactics, procedures, and technologies called network-centric
warfare and implemented through the strategy of ForceNet. These ideas rely heavily on
Joint Force assets working together with common communication nodes. Large-scale
undersea networks, like those adhering to ForceNet, will be used heavily in the future of
USW, with UUVs acting as crucial communication nodes to and from submarine and
surface assets. The following subsections will outline three different submarine missions
and the future involvement UUVs will have with those missions. Each of the three
missions (ISR, Communications, and ASW) can be evaluated as part of the overall
ForceNet image.

Many missions may require the submarine to have the ability to launch and
recover a UUV, but this is not a necessary factor in analyzing the possible mission sets.
Currently, launch and recovery efforts have been possible via torpedo tubes and vertical
launch tubes, but none of the missions discussed in this thesis require this to happen.
Moving forward in the militarization of UUVs, it is important to remove the “platform-

centric” thinking of programs and analyze how systems can interact with other systems.
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ForceNet concept showing network-centric connectivity to

Figure 9. various

undersea assets (From: Department of the Navy, 2004)
1. Intelligence, Surveillance, and Reconnaissance

One of the many examples of applying ForceNet to ISR for the submarine force is
through a program titled Persistent Littoral Undersea Surveillance Network (PLUSNet), a
multi-institution effort combining key government assets via ONR and Space and Naval
Warfare Systems Command (SPAWAR). PLUSNet is an unmanned systems approach to
undersea surveillance that involves the use of mature technologies. The system involved
an autonomously processed cable-free nested communication network with fixed and
mobile sensor nodes (Martin, 2005).

In any ISR example, including PLUSNet, there are four fundamental tasks
necessary to complete the mission: collect, communicate, process, and act. These tasks
are performed in various different ways by a number of unique systems (both manned
and unmanned). In the case of UUVs, however, one vessel has the ability—given the

appropriate payloads—to perform all four tasks on board. One UUV can include sensors
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that collect the data, a platform that communicates and processes the data, and an
implementer on board that takes action via movement, external communication, or
weapon deployment (Fletcher, 2001). This concept is currently the main focus of UUV
platform development for the Navy, namely a single, multi-payload UUV that can handle

long (greater than 30 days) ISR missions.

Figure 10.  Operational concept of PLUSNet (From: Martin, 2005)

However, one UUV does not have to have all three systems (sensor, platform, and
implementer) on board to perform the tasks, as is the case of collaboratively networked
UUV groups. Instead of having one large scale UUV with multiple payloads performing
multiple missions, the groups of small UUVs would include single payloads performing
individual missions. These UUVs would then communicate data amongst themselves
and/or a larger node (either a separate UUV or manned vessel) to gain a common
operational picture of the battlespace. Currently, DARPA has given some funding to

develop grouped UUV programs, but this is not the main focus of the submarine force.

In both cases, unmanned systems add a strategic advantage to the war-fighter and
will allow friendly forces to gather ISR information from locations otherwise currently
inaccessible or of high risk to manned systems. Possible ISR missions using these

strategies include (Department of the Navy, 2004):
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. Persistent and tactical intelligence collection

. Chemical, biological, nuclear, radiological, and explosive detection and
localization

. Near-land and harbor monitoring

. Deployment of leave-behind surveillance sensors or sensor arrays

. Specialized mapping and object detection and localization

In one example of persistent and tactical intelligence collection, a single SSGN
could deploy one or more UUVs a safe distance from the shoreline and sit out of harm’s
way while they patrol harbors, collecting ISR data and eventually returning to the host
platform to refuel, upload data, and receive necessary operator level maintenance. This
mission will free up valuable time for the submarine and the Special Operating Forces
(SOF) on board to perform other valuable missions. Ultimately, due to the simplistic
nature and emerging technologies, the submarine ISR mission-set will see the first full

scale use of UUVs.

2. Communications

Communication is an important aspect for all military operations. UGVs and
UAVs have distinct advantages of being able to easily communicate large amounts of
data over long distances in air. Underwater communications, however, are not quite as
simple and pose many problems in the area of USW. One solution to the problem of
undersea communication is a concept called “Seaweb.” Seaweb uses battery-limited
sensor technology to set up a wide-area network with expendable network nodes. In an
article entitled “Enabling Undersea ForceNET with Seaweb Acoustic Networks” in the
Biennial Review 2003, author Joseph Rice of SPAWAR San Diego concluded that:

Undersea, off-board, autonomous systems will enhance the war-fighting

effectiveness of submarines, maritime patrol aircraft, amphibious forces,

battle groups, and space satellites. Wide-area sensor grids, leave behind

multi-static sonar sources, mine-hunting robots, and AUVs are just a few

of the battery-powered, deployable devices that will augment space and
naval platforms. (Rice, 2003)
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In this concept, communication between non-tethered UUVs and submarines are
provided via underwater digital acoustic communications (ACOMMS). ACOMMS is a
short-range, modem-like communication method that is often left unencrypted (though it
could easily be encrypted). In 2005, Seaweb ran three experiments using their
expendable node technology to aid in the navigation of several types of UUVs. These
tests showed that undersea ACOMMS technologies using multiple scattered nodes are a
viable solution for naval communication. The next step for Seaweb will be to utilize the
sensor nodes to communicate to and from UUVs and submarines, as well as relay
mission specific information to and from satellites via various surface assets, as shown in
Figure 11 (Rice, 2005).

¥ =

o
i

Q /f
= Z

Figure 11.  Seaweb acoustic communication and navigational network model (From:
Rice, 2005)

A downside of the Seaweb concept is the necessity to set up a complex undersea
communications network in unfriendly waters. In the future, the application of
submarine launched systems will allow these networks to be setup covertly. The next
step in a program will be to utilize groups of UUVs as the communication nodes. There
are multiple programs being worked on by industry that utilize this theory and have the

ability to perform the desired missions.
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3. Anti-Submarine Warfare

The continuing submarine threat ensures ASW is a key component of maintaining
dominance of the sea. Though some ASW tactics use surface and air assets to detect,
track, and engage undersea threats, the submarine has always played a vital role in
assisting in deterring the enemy. As the enemy moves the battles closer to shore and
engages in littoral warfare, the current tactics of war fighting change. In an attempt to
understand this threat better, Task Force ASW has instituted a new focus on littoral ASW
and identified three distinct categories of ASW, outlined in Table 5 and shown in Figure
12 (Department of the Navy, 2004).

Table 5. Task Force ASW nomenclature with descriptions
(After: Department of the Navy, 2004)
Nomenclature Description
Hold at Risk Monitoring all the submarines that exit a port or transit a
chokepoint.
Maritime Shield Clearing and maintaining a large Carrier Strike Group (CSG or

ESG) operating area free of threat submarines.

Protected Passageway | Clearing and maintaining a route for an ESG from one operating
area to another free of threat submarines.

“Hold At
Risk”

“Hold At
Risk”

“Maritime
Shield”

MODLOC 2

“Maritime “Protected
Shield” Passage”

MODLOC 1

Figure 12.  Task Force ASW model depicting nomenclature (From: Department of
the Navy, 2004)
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UUVs can prove useful in all three categories described by Task Force ASW, but
will have the greatest impact in the “Hold at Risk™ scenario. The force multiplication
factor added by UUVs will allow them to constantly patrol barrier choke points at low
speeds and monitor harbor traffic (Button, Kamp, Curtin, & Dryden, 2009). The general
concept for this scenario is to launch the patrolling UUVs from a surface vessel, such as
LCS, and allow them to travel to the “Hold at Risk” location undetected. Submarines can
aid in this operation by deploying the UUVs from closer in shore, still remaining

undetected but cutting down on the transit time and energy loss of the UUVs.

While on location, the UUVs have three possible variations of the “Hold at Risk”
mission. They could (Department of the Navy, 2004):

J Employ non-lethal weaponry
o Employ lethal weaponry
. Accumulate intelligence information about threat submarines (both

individually and collectively)

These variations could change, however, if the UUV is in communication with a
friendly submarine. Instead of making the determination locally whether to employ
weaponry (lethal or not), the UUVs could communicate using underwater acoustics with
the nearest SSN, allowing the decision to be made on board and relayed back to the
UUV. Additionally, the UUVs and friendly submarines could remain in constant
communication, relaying valuable mission and classification data, drastically increasing
the overall effectiveness of the Task Force ASW approach. Unfortunately, there are
severe limitations in the bandwidth and range of ACOMMS, rendering its technology

more of a risk than a benefit (in most cases).

C. PAST AND PRESENT NAVY SUBMARINE UUV PROGRAMS

Currently there is no formal UUV program of record relating to submarine
operations. There have been, however, programs of record that have been cancelled due
to various reasons. These extinct programs can provide useful insight into how the

systems will affect the lives of sailors on board submarines. In this section, four
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different UUV programs will be succinctly discussed to provide a background and
lessons learned for the manning and maintainability requirements of future UUV

programs.

1. Near-Term Mine Reconnaissance System

The Near-term Mine Reconnaissance System (NMRS) was a contract that was
awarded to Northrop Grumman Ocean Systems via a sole source proposal. Leveraging
off of existing work done by Northrop Grumman, the NMRS was a two-vehicle platform
that was originally tested by the Navy in 1998. The two vehicles were the same diameter
and slightly shorter than a mark-48 torpedo and were able to be launched and recovered
from a single SSN torpedo tube. The NMRS proved the ability to utilize basic
autonomous operation while using a fiber-optic tether link to the submarine to send the

information gathered by its forward and side looking sonar arrays.

The program was originally designed with a very limited set of requirements to be
an immediate, simpler solution for a submarine UUV program. The program showed a
lot of promise of successfully operating an autonomous vehicle launched from a SSN, but
the funding for it was cancelled to support the Long-term Mine Reconnaissance System
(LMRS) program.

2. Long-Term Mine Reconnaissance System

When the NMRS system was announced, the Navy also announced plans to
produce a LMRS with a larger set of requirements than its predecessor. After a time-
consuming three-phase down-select process, the contract was awarded to Lockheed
Martin with the intent of a service date of FY 2005. The program ultimately did not meet
the requirements given by the Navy and was cancelled, but it is a good example of a

UUV program with a solid set of operational requirements.

The initial Operational Requirements Document (ORD) for the LMRS specified a
threshold/objective sortie reliability of 0.93/0.96 for a 40-hour mission. This reliability
included performing all mission critical activities (preparation, launch, mission, recovery,

and post-mission activities) without a mission critical failure. Additionally, there was a
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specified threshold/objective for sortie launch availability of 0.86/0.92. The manning and
maintainability aspects of the LMRS were also clearly defined in the ORD. For
maintainability and logistics support, the LMRS was given the requirement to support a
6-month submarine patrol and do so with a 20-year operational life. The system needed
to be comprised of preventative and corrective maintenance measures at organizational,
intermediate, and depot level maintenance facilities, while utilizing ship’s force and
shore-based maintenance activities whenever possible. Lastly, the system was to be
operated by a dedicated cadre of less than 10 individuals, augmented by ship’s force

(Federation of American Scientists, 1996).

The LMRS failed due to problems with the launch and recovery mechanisms not
being as reliable as needed to perform the critical missions demanded of the system. The
program ultimately was cancelled. Unfortunately, the valuable lessons learned by
Lockheed Martin during the development have not been properly passed on for use by
future programs. Additionally, perhaps due to the shortcomings of the NMRS and LMRS
programs, the Navy has moved away from the primary focus of a UUV launched and

recovered from a torpedo tube.

3. Mission Reconfigurable UUV

A spin-off of the LMRS program was the Mission Reconfigurable UUV
(MRUUYV) program. This program had the intent of using a common UUV body with
multiple modules containing specific payloads that can be varied to run different
missions, and was scheduled to enter the fleet in 2008. One main requirement of the
MRUUV was that it had to have the ability to share a common launch and recovery
system with the LMRS; the problems with the LMRS trickled down to the MRUUV
program. Although the program had a lot of potential for completing ISR missions and

creating a mission-flexible UUV, it was cancelled in 2008 due to lack of funding.

4, Current Projects

Since the Navy does not have a formal submarine UUV program of record it has,
instead, various projects that it is working on through different research funding sources

and managed by the Advanced Development Office (ADO). The new way of thinking is
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to adapt existing platforms in use by industry or research organizations and develop them
for military use. Some benefits of the Navy using development and research
organizations for funding are that the systems can be developed without formally
defining missions or requirements and it puts the systems in the hands of the operators to
gain their confidence and trust moving forward. The downside, which has proven to be
true with relation to the current submarine UUV programs in development, is that after a
system passes the developmental tests it was designed for, there is no future funding line
to keep the project active. This causes systems that prove themselves feasible to lack

future development into formal programs.

a.