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ABSTRACT

This report describesystem engineering effortexploring next generation me
countermeasure (MCM) systeno satisfy high priority capability gaps in theeky Shallow
Water (VSW) zone in support aimphibious operations. A thorough exploration of the problem
space was conducted, including stakeholder analysis, MCM threat analydisurrent and
future MCM capability reseah. Slution-neutral requirements and furantis were developed
for a bounded next generation systeSeveral alternativarchitecturesolutionswere developed
that includeda critical evaluationthat comparegerformanceand cost. The resulting MCM
systemeffectively remove the man from the mirgld through employment of autonomous
capability, reducgoperator burden with sensor data fusion and processing, and gravidat
time communication focommand and contr@gC2) support to reduce or eliminap®st mission
analysis.
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EXECUTIVE SUMMARY

One of the responsibilities of the US Navy is to support and enable amphibious landings
for the US Marine Corps.Prior to an amphibious landing, the path to the beach must be
determined free of danger to the landing force. Often in areas of conflict, the path to the beach
will be mined to prevent unobstructed access by an opposing ftrdeis determined thasea
mines may bein the Area of Operations (AQ)mine countermeasure (MCM) operations are
needed before the landing can take pla@urrent Marine Corps doctrine requires minefield
clearance to occur within a 48 to 72 hour period in order to prepare tiagazones for an
Amphibious Task ForceATF). 7KH 86 1DY\fV FXUUHQW 0&0 FDSDELOLW\
Marine Corps amphibious doctrinal requirememte MCM Detectto-Engage (DTE) sequence
consisting of sarch, detection, classificatiomjentification and neutralizatiorfunctions for
current systems can take up to several weeks to ctenpteorder to ensure the safe approach
and return of an ATF, there is a need to reduce the Diet&aigage mine clearance sequence in
the 1040ft depth rangewhile minimizing operational risk of mine clearance personnel to
counter minefields.

In this capstone report, thorough exforation of the problem space iconducted,
including an MCM threat analysiscurrent and future MCM capabilitiesand stakeholder
researchand interaction Through researchinto current and futurehreat capabiities, it is
realizedthat sea mines are becoming more challengingdarch, detectlassify, identify, and
neutralize Enemy tactics of mine employment and technologyeia®e the complexity of the
problem with targets now being made of sonar absorbing materaleveloped to encourage
vegetation growth in order to impede visual detection.

Investigation into current ancuture MCM systemscapabilities indicatehat sytems
mustbe able to conduct Port Defense, Sea Lane Protection and clearanneripermissive
environmentto supportMCM operations This wide range of taskingequires a system to be
flexible, expeditious and accurate in locatinglassifying, anddentifying a target. Unmanned
Underwater Vehicles (UUVs) or Autonomous Underwater Vehicles (AlArs identified as
current and future system solutions that providadrantage taletect, classify, and identify the
threat with powerful sensor suitesaamparison to diver and MineMammalSystems (MMS)
UUV systems have the ability to launch and perform MQ@bérationamore covertly than diver
and MMS systems, but require more time for data analgsis their size requires launch from
surface crafor helicopter platforms Although UUV technology isshowing promiséo solve the
challenges for MCM operationghe impact this complex techiagy brings to the MCM
community and the Navyeeds to be evaluated on a continuing basis
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Current MCM1 ships a& being phased owind Littoral Combat Ship (CS) platforms
arebeing built as replacemerntts support MCM missionsHowever, MCM will not be the sole
mission of LCS platforms as the LCS class iseing developed to support multiple mission
criteria in oder to meet the future needs of Navihis drives concerns for future MCM®oncept
of Operations CONOPS and mission tasking due not orly the requirement to reduce the
MCM footprint, but alsdo reducemanpower requirements.

In order to address thmpability gaps discovered, a set ofuson neutral requirements
were developed as padf the analysis of current capabilities and stakedolieeds. System
functionswere then developed based on the requirements that were generated to further define
the system. Once thesolution neutral system weagefined, it was necessary to sststem
ERXQGDULHYV LQ RUGHU WR VFRSH WKH SURMHFWT{V HIIRUW
time and resource availability. Theystem boundaryas reduced to sezh, detectclassify,
identify, engage and communicatiofusctionsrelated to the MCM system, system operators
and host platform. Théull engage function was later determined to be too complex for our
scope of researchnd itis recommended to be cered by another research cohort.

Investigation of potential solutions to fit the requirements lead to the elimination of
airborne and surface based systems as they would not be able to covertly conduct operations.
Based on research and MCM roadmaptdioe, current capability gapgeremapped to potential
solutions for removing the man and mammal from the mine field, reducing post mission analysis
and establishment of rediine canmunications. Threalternative architecturesere developed
to supporteduction othe DTE sequence anit addresshe overarchingcapability gaps Within
each &chitecture solution, system compnents were mapped toidentified functions and
requirementdo ensure that the MCM system needxe met. Eachof the architecturesvas
developed with a specific concept of operations that fully aéet#ile reattime communication
network and system employment solution.

Each of the three architecture solutiomere compared using modeling and simulation
software todd that represerd eactsystemin two separate mefield design reference missions.
Performanceof each alternativavas analyzed andomparedbased ornidentified mesures of
effectiveness

The total cost of ownership for eaoh the architecturs was developed usingurrent
baseline system costing informatiand government costing sitedll three architecturesvere
then evaluated in aanalysis of alternativethat combinedan evaluation of the cost estimates
with previous system performance results to determilystara solution recommendation.
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The problems and capability gaps defined in MCM operations are comlexnany
challengeghat existtoday and in the futureAs manning requirements are being reduced across
the Navy, the need for future systems toeeenhuman dependency will be increasing. Thd fina
results of our analysis showsat a fully autonomous system can reduce hubaden fortarget
processing andemoveboth man and mammal from the rdiield. In order to support the
employment of autonomous systems, ihécessaryhat realtime communicatiometworks are
establishednot only to support autonomousperations but also to reduce or eliminate post
mission analysis from the DTE time line.
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INTRODUCTION

A. BACKGROUND

One of the responsibilities of the US Navy is to support and enable ampHdmnaousys
for the US Marine Corps. Prior to an amphibious landing, the path to the beach must be
determined free of danger to the landing for€dten in area®f conflict, thepath to the beach
will be mined to prevent unobstructed acdegsan opposing forcelf sea mines are determined
to bein the path of the landing force, mine countermea@uf@M) operations are needed before
the landing can take place.

Historically, the 86 1DY\V PLQH FRXQWH U éprebevitidUiiy ¥ thkad ¥fH E H H C
systemsconsisting ofdedicated surface platforms (g.lyline Countermeasures MG class
ships), aviation platformse(g., MH-53E Sea Dragon helicopjerand subsurface detachments
with Explosive Ordinance Disposal (EOD) divers and Marine Mammals Systems (MMS) that
conduct mine hunting and mine sweeping missigREO LMW, 2009) Current mine
countermeasure ability to support amphibious landings is suffitberdteep water, however, a
gap lies in tearing the VSWzone where n cantested waterall three elements of the traditional
triad are challenge@NWP 315, 1996)

The VSW zone defined asdepths between 10 to 40 feet ohter, exhibits unique
environmental characteristics to Underwater Mine Countermeasures (UMCM) that are not as
easily overcome as in other operational depth argaslerwater visibility is very limited; murky
sea floors contribute to turbid underwater eowiments with low light conditions at depth,
making it difficult for divers to operate, even during daylight. These environmental aspects are
compounded by the confined nature of the VSW zone; consisting of inlets, berthing areas, dock
and bridge pillarsand confined channels that grincrease the DTHEmeline by significantly
limiting mobility (NWP 315, 1996) Performing mine countermeasure activities in contested
VSW zones to support passault, advance force exploraticand reconnaissance amphibious
landing missions, with brisk engagement requirements, presents restrictions in rapidly detecting
and clearing mines without being detected by adversaries prior to amphibiousrfgagement.

Mine detection in contesteslaters close to shore allows for easy detection of traditional surface
(Surface Mine Counter Measures; SMCM) and aerial (Airborne Mine Counter Measures;
AMCM) platforms by unfriendly radars and simple visual scans.

While much of the United Stat§mine countermeasure missions are performed utilizing
aerial and surface platforms, alternative methods are being utilized to address4thdobd
region requirements. Unmanned Underwater Vehicles (UUVs) with specialized sensors,



navigation, communications, preigion, and power subsystems are being tested and fielded to
conduct localization searches aimed at reducing the tactical timeline for search opé@r&ions
LMW, 2009). Employment of UUVs is an attempt to limit or completalyoid exposure of
divers to explosive hazards, and other hazards of the operational environment during the
precursory step of detecting, localizing, and gaining access to threat objects.

Man-portable class UUV systems have been employed by the Navigefqraist several
years(PEO LMW, 2009) While small UUV systems are a relatively new concept for the Navy,
they have been received with much enthusiasm as an initial step in geéingan out of the
minefield. Strides havdeen made in the development of these new concepts, but a great deal of
work is still needed to fulfill the full set of requirements from the HEP&O LMW, 2009)

Although the marsportable UUVs in service today address maiyhe basic UMCM
capability needs, they are not a panacea for addressing the full range of tasks in the diverse
underwater environmentUMCM systems degrade in performance capability in more complex
seabed environments where burial, high clutter andutee bottom types are at plédMWP 3
15, 1996)

B. PROBLEM STATEMENT

Current naval mine search, detection, classification, and neutralization systems can take
up to several weeks to complete mine clearance operatidhss current capability is not
consistent with the Marine Corps amphibious doctrinal requirement of several ldaysler to
ensure the safe approach and return of an Amphibious Landing Force, there is a need to reduce
the DTE mine clearance sequence in tBe4Qft (VSW zone) depth range while minimizing
operational risk of mine clearance personnel to counter minefields.

C. RESEARCH QUESTIONS

This Capstone Project is interested in researching araliging alternative and
employable system solutiorite reduce theDTE mine clearance sequence in the VSW zone
through investigating the answers to the following research questions:

1. Is it possible to completely remove the man/mammal from the minefield during UMCM
operations?

2. Is it possible to have a system or systemsystems that can detect and clear a minefield
path for amphibious landings within the required CONOPS time specifications?

3. Will the MCM solutions present today or planned in the near future be able to handle
current and future threats?

4. What is the greatésbstacle in reducing the DTE sequence timing?



5. What alternatives exist to overcome obstacles to reducing the DTE sequence timing?
6. For an implemented solution, what are the risks and benefits?

D. ASSUMPTIONS

In the execution of this Capstone Research Pragssumptions were made to allow for
detailed analysis of specific areas of the problem space taking into account the allotted project
time and the individual knowledge, skills, and capabilities of team members. Throughout the
project, the following highevel assumptions weraade:

. Current enemy tactiarestill consistent with previous engagements from past battles or
encounters.

. Emerging mine technologyg consistent with US or alliedapabiities.

. The VSW region will be typically a 500 yard by 500¢aegion of the boat lane.

. The enemy threat who has planted mines for anlantliing defense will actively survey
the mined area from a distance avil engage the MCM force upon detection with
direct and indirect fire.

. Thedesign reference missigPRM) will have both visual and electronic oversitht
detect any MCM or opposing force movement

. System concept design solutions will only be developed for manpower and equipment
within the project defined system boundary.

In addition to the high levedssumptions, more detailed assumptions were implemented
in the individual analyses in this report and are detailed further ispeeific report sections.
Additionally, for the threat and current capabilities analyses, the data comparing the systems use
estimated values from unclassified information and are in most cases approximations.

E. SYSTEMS ENGINEERING PROCESS

Figure 1 presents théailored Systems Engineering Process used through this Capstone
Project. The major phases of the Systems Engineering Process consisted of the Problem
Exploration Phase, the Sgst Definition Phase, and the Modeling of Alternative Architecture
Phase. Guided bythe defined System Engineering Process,ctijgstoneteammembers were
able to successfully define and scope the Capstone Problem, conduct research intoehe probl
area develop functional requirements, andsessthe implementation qualitiesf architectural
solutions. The following sections describe thedividual parts of the Systems Engineering
Procesan detail.
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Figurel. Capstone Proje@ystem Engineering Process

The tailored System Engineering Process developed hAdbhencedMICM System cohorteam was used as
guidance for executing the Capstone Project.

1. Problem Statement/Customer Need

The Systems Engineering Process started withddfiaition of a knowncapability gap
UHODWHG WR RQH WH D PnéeHHRE&pEHIY daR Wd3 @eedths problem
statement was scopéal a level of work deemeid be achievable in the givemojecttimeframe.

2. Problem Exploration Phase

With the poblem satement scopedhe problem explorationhase was entered. This
phase consisted of conductimgsearch to furthedefine the problem space. The Problem
Exploration Phase consistedtbfee activities:stakeholder analysis, threat analysiad current
capabilities aalysis A comparison of the thre&ctivities resulted in identifying capdiby gaps
related to the defineproblem space and was used as the entrancdafiberstarting the system
definition phase.



a. StakeholderAnalysis

The stakeholder analysis began with f@blem statement beirgveraged talefine a
list of stakeholders an@& summary relationshipetweenMCM and amphibious &ndings.
Research wathen conducted usinglCM documentation and doctrirte generate questionerf
stakeholdersto gain more insight into the problem spacddentified stakeholders were
interviewed and asked to identify their intesggtotential loss in the definggroblem or any
significant requirements related to the problem statemémis resiltedinal LVW RI VWDNHKRO
needsthat was fed into both the current capabilities analysis and the threalysis for
consideration. The outputs of both the threat and capab#itiak/ses weréed back intothe
stakeholder malysis idenifying new stakeholders and additionajuestionsto pose to
stakeholders The stakeholder analysis facilitated interaction between stakeholders in soliciting
input guidance toward developing solution architectures.

b. Current Capabilities Analysis

The current capabtles analysisconsisted of a thorough studf/all existing technologies
and systems currently fieldddr MCM in the VSW zone. The analysis lookedU$ Navy
systems that were deployedplanned to be deployed in the near futared includd applicable
allied MCM capabilities. Through research ofcurrent doctrine, approved development
programs, ad stakeholder interviews, the current capabilitglgsis identifiechow existing and
planned platforms fulfill stakeholder needddowever, the curent @pability analysis also
identified capability gaps thatannot be metvith existing or planned platformssing current
policy, procedures, andctics. The findings of the current capabilities analysis fed back into the
stakeholder analysis for filmer interaction with stakeholders in investigating gaps and
current/future systems.

c. Threat Analysis

The threat malysis identifiedcurrent minetechnologies employed by opposing forces.
Specific characteristics of each threwgre detailed along with th@ethods and tactics used in
deploying each mine typa theVSW zone The hreatanalysis defined the mines thatre of
greatest concern in the VSW zone because of their payload size and of their detection rate
utilizing current MCM assets.The threatanalysis fed into the stakeholder analysis in order to
confirm the findings with stakeholder representatives.

3. System Definition Phase

The System Definition IRase begn with inputting the outputs fromthe Problem
Exploration Phasenamely the stakeholdecapabilities, and threat analysesThe System
Definition Phase consisted of a requirements analysis, functional analysis, and system metrics



development. The outputs of the system definition phase: requirements, functions, and metrics
served as inputs thhe Modeling of Alternative Architectures Phase.

a. Requirements Analysis

The requirementsnalysisutilized the results of the stakeholder, capabilities, and threat
analyses toevaluate mission and perational environments. From the construction of a
theoretical operational environment, a list of stakeholder needs and constraints were developed
pertaining to the problem spac®etails of capability gaps and stakeholder inpmse used to
developsystem requirements necessary to accomplish the MCMianigiven the constraints
Information from thefunctionalanalysis process and the mesirefinement fed back into the
requirementsanalysisfor mitigation when requirementsvere discovered to bénconsistent or
missingat these later stages

b. Functional Analysis

The functional analysis further developedystem operation details, functions, and
tasking Decomposition of requirements from threguirementsanalysis identifed lower-level
functions and reswd in the refinedfunctional descriptionof the system The functional
analysisresuledin afunctional architectureHYHORSHG LQ 9LWHFK &RUSRUDWLI
After the functional architecture was in CORE, requirements were mapped to functions to ensure
traceability from top level tooler level functions and requirementBhe mapping of functions
to requirements in CORE resulted in adding more detairequirements and functions where
needed, and served as the input into the system metrics definition.

c. System Metrics

The System Metiis development took previous work to develkop level system
metrics. Once system metrics were developdigytwere compared to the requirements
ensue applicability and traceability. The development of system metrics resulted in the
conclusion of tb System Definition Phase, with the requirements, functions, and metrics being
fed into the Modeling of Alternative Architectures Phase to further develop the system
architecture and compare possible solution types.

4, Modeling of Alternative Architectures Phase

The Modeling of Alternative Architectures Phasganwith the outputs from the System
Definition Phase. Our team used Vitech CorporatinCORE software OLFURVRIW{V ([Fl
software and Imagine ThaffV ([ W H @n@delifg software to determine whicliteanative
architecture performed the besthe analysis conducted during this phaseured through an
iterative process between the three phases thatilted in a solution definition and
recommendation. The output of this phasesa combination oftte Developmenbf Alternative



Architectures, Modeling and Simulation, and System Refinement steps in the form of an
Analysis of Alternativesvith Life Cycle Cost Estimatio{(LCCE).

a. Development ofAlternative Architectures

This steptook the outputs from t System Definition Phast develop alist of
Alternative Architectures.The top level problem statement of DTE reduction was mapped to
capability gaps and analyzed for solutions to reduce or close the gaps. Capability gap solutions
were translated to component solutions aretommendations for threélternative
Architectures These Alternative Architecturesere thenused asinput to the Modeling of
Alternative Architectures Phase. As the Modeling of Alternative Architectures Bhasmped
feedback to the System Definition Phase lifts of Alternative Architectures wemaodified.

b. Modeling and Simulation

Modeling and Simulatiowas used as a verification and validation tool of the system
architecture and req@ments of the system solutionModels were created for each of the
system architectures and compavéth systen metrics to determine if the system is viable, and
how well the technical performance of the proposed system compares to the other systems that
were developed in the Analysis of Alternatives. The output of Modeling and Simuledi®n
used as the input tihe System Refinement stage to provide technical performance information
used to eliminate or promote specific design approaches.

c. System Refinement

System efinementwasperformed taeview system solution details to select and validate
the best solution Both simulaton andlife-cycle costresults were used in detemng the final
recommendations for the next generation MCM system.

d. Analysis of Alternative Architectures with LCCE

The Analysis ofAlternative Architecturesvas conductedbasedon inputs from the
System Definition phase. The System solutiom were comparedased on the alternative
architecturedor technical and cogtarameters Performance metrics from Metrics Refinement
represerdd criteriafor comparing system solutions. Thetmut of this stepvasa cost benefit
analysis and an analysis of alternative architestufée results of the Modeling and Simulation
stepwereused to further refine the architecture alternatives.
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II.  PROBLEM EXPLORATI ON

A. THREAT ANALYSIS

Mines in theVSW zoneare of major concern to the US and its allies. This threat analysis
waslimited to those mines expected to be found in the VSW range with the ability to hinder the
advancementf US troops during an amphibious landing on foreign soil.

Naval mines are inexpensive to produce and can be deployed gaickly. With this in
mind, they are seen as an easy way of denying free access to the coastline by an amphibious
force (PEO LMW, 2009; NWP &5, 1996) Minescan be used effectively to limit the points of
entry for an assault forceDV D IRUFH PXOWLSOLHU E\ OLPLWLQJ WKH HC
allow friendly forces time to mmeuver. A minefield can have both offensive and defensive
objectives. Offensive minefields are placed to slow the advancement or prevent movement of
the enemy. This could include placing mines in the port or sea lanes of an enemy. Defensive
minefieldsare intended to protect coastline from ass@it315, 2011)

A major advantage of using mines is the psychological affeat they have on the
opposition(PEO LMW, 2009; NWP a5, 19%). As witnessed in Desert Storm, a minefield
may contain dummy or faulty mines asiill prevent access since the potential loss of personnel
and equipment is too great to risk entering the minefiéidal Report to Congres€onduct of
the Persian Gulf War, 1992From this it can be concluded, that even if the mine is inoperable it
still serves a purpose.

The main types of mines that may be found in the VSW zone, the methods for triggering
them, and the methods uséat deploying aminefield are described in thighreats analysis
section The technology being incorporated into current and future nhasseerexamined
Finally, the most likely aggressors and their current mine warfare capalbifittesbeen detaite

1. Mines Analyzed

'XH WR YDULDWLRQ LQ PLQH VL]H DQG IXQFWLRQDOLW
identifying, classifyingand mapping each mine within a similar zone of interest is not practical.
The following types of mines are likely to bencountered in the VSW range during an
amphibious landing in a foreign country: moored, bottom, and drif@agsorJelley, 2011) In
order to distinguish among the variety of mines, a number of fast@rs considereavhen it
came to identifying mines of concern. Chief among them was locality. The primary focus is the
10-40ft depth range and, therefore, the use of some-types is impractical. Typically, factors
such as obsolescence and redundamene also taken into @ount; however, it is important to



remember that the primary goal of a mine is to slow or stop the advancement of the opposition.
As long as it is believed that the mine poses a threat, obsolete or otherwise, it is serving its
purposeas a deterrent

Figure?2 illustrates the various types of mines and the positions that they may take in an
ocean minefield (note thdtigure 2 is not to scale). Th&SW section depicts three different
mines:drifting (floating), bottomandmoored.

Sirf Znne&ml ery’s nal‘ ST Walmewfmep
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Figure2. Mines Used by DeptRange

Depiction of mine type allocation related to ocean depth zofks. project is concerned with the VSW zone
containing threats of bottom, moored, and floating/drifting m{@sssonJelley, 2011)

a. Bottom Mines

Bottom mines argowerful, norbuoyant mines that are planted on the sea bottom and
KHOG LQ SRVLWLRQ E\ WKHLU ZHLJKW $GGLWLRQEDIOD\ WK
ZKLFK FDVH WKH\ DUH HPEHGGHG L,Q XWKH) WHIKHNOWRHRRID LRQU XQE
Figure3 shows a Manta mine which, over time, has been partially buried by wave action. Since
the mine case is ndouoyant, there is a larger capacity for explosives, making the damage radius
much lager than that of the moored mine. If the mine is intended for a surface ship, it is best
WKDW LW EH SRVLWLRQHG QR GHHSHU WKDQ -40ftldgptEHOR Z W
bottom mines are within their effective range and could be triggerebotsy magnetic and
seismic trigger§NWP 315, 1996)
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Figure3. Bottom Mine

Image of a bottom Manta type mine, which has been partially bbgig¢tle ocean bottom due to wave action over
time. Bottom mines containa larger capacity for explosives since they are-hanyant and their whole casing can
be filled with explosives instead of air to permit buoyaf®gi Spa, 2011)

One variation on the bottom mine is tpeopelled bottom mine. This variation is
equipped with a propulsion system that is intended to position the mine at a specified location.
This can be useful when laying mines, since a ship can fire the bottom mine and its propulsion
system would then gde it to its final plant position before arming itsgNWP 3-15, 1996)

Bottom mines are the most difficult to detect. The latest cowotentermeasure
technologies employ features such as various mine shapes to encaurabertdeflect sonar
signals to reduce the effectiveness of search equipment. In some cases, bottom mines are
constructed with fiberglass and special seabdorbing materials which further reduce the
signal returned by sonar. Any clutter existing ¢t cean floor (i.e., natural formations,
discarded items, etc.) increases environmental complexity and makes it more difficult to detect a
bottom mine. This is compounded by the fact that some mines are manufactured to have the
appearance of a discardetject, in hopes of reduwj its detection(Rabiroff, 2011) Due to
their large damage radius and the difficulty in detecting them, bottom mines are considered the
greatest threat in the VSW zoneBecause of this, bottom miseare the most commonly
produced and utilized mine for ndfATO countries, specifically China and Ir§dNWP 315,

1996)
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b. Moored Mines

Moored mines have a positively buoyant casing which is moored to an anchor on the sea
bed va a chain or cable as seenFigure4. This allows them to float at a predefined depth
ZKLFK LV GHSHQGHQW XSRQ WKH OHQJWK RI WKH FDEOH W
depth. Since the mine casing is designed g¢obhoyant, there is less space to house the
explosives. Because of this, moored mines are less powerful and have a smaller radius of
damage than that of a bottom mine. A major benefit, however, is that they utilize a host o
triggering methods includingroximity, acoustic magneti¢ optical shadowingand pressure
sensors Over time, it is possible that a moored mine may separate from its anchor and float to
the surface; these are known as floaters. In some cases, the mine is fitted witleatsetf
mechanism that will flood the casing with water in the event that the mine is separated from its
mooring. Provided that this does not occur, a moored mine can have a lifespan exceeding 10
years(NWP 315, 1996)

Moored minHV FDQ DOVR EH WHWKHUHG WRJHW-KKDLWR GUHL
mines. These consist of two moored mines that are tied together about 60 feet apart and float a
few meters below the surface. When the target hits the cable, the warheads arelawaw
either side of the ship's hull, exploding on con(dlVP 3-15, 1996)

Moored mines are vulnerable to a cateramgep, wherein @or two ships drag a wire,
or net catenaryto scoop up mines. The mine, vulnerable to being mechanically séuareds
mooring cable, would then initiate its seléstruct sequence whereby the mine is flooded. Then,
depending upon the type of fuse utilized, the mine can be detected andeatktdmacoustic
sweepselectromagnetic sweeps pressure detonatipmaking it effectively neutralized.

12



Figure4. Moored Mine

MCM EOD Divers neutralizing moored mindloored mines have a positively buoyant casing which is moored to
an anchor othe sea bed via a chain or cable as seen in the fiinee the mine casing is designed to be buoyant,
there is less space to house the explosives making moored minesnesipitan norbuoyant minegSea Mines:

An Explosive Problem, 2009)

c. Drifting Mines

'ULIWLQJ PLQHV FRQVLVW RI D EXR\DQW FDVH DOORZLQ.
surface without anything to fix them in one positioAs a result, they are free to drift with the
current and shifting tides as shownHRigure5. Some drifting mines can be modified by fixing
them with a weightor impellerthat will keep them near the sea bottom; these are known as
SFUHHSLQJ PLQHV® GXH WR WKH IDFW WIK® Waedy KtitiZedby LIW DO
China, is one such mine. This mine uses impellers which allow the mines to hover at a constant
depth(Erickson, Murray, & Goldstein, 2007)
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Figureb. Drifting Mine

Drifing PLQHYV FRQVLVW RI D EXR\DQW FDVH DOORZLQJ WKHP WR IORDW DW F
fix them in one position As a result, they are free to drift with the current and shifting {@esman Mine)

Oneadvantage of drifting mines is that they can be set to hover around a specific depth,
which is a great benefit when mines are distributed in waters that are too deep for moored or
bottom mines. Additionally, it is difficult for the opposition to map thmefield sincethe
PLQHYY SRVLWLRQ LV QRW VWDWLF 'ULIWLQJ PLQHY DUH O
extended period of time. Drifting mines are also easily deployed, unlike moored and bottom
mines, making them an extremely valuable afsecountering an amphibious assaidbrean
People's Army Navy, 2011)Furthermore, drifting mines are typically more simplistic, utilizing
older technology than bottom and moored mines, making them less expensive.

The disadvantage of drifting mines ihat their position is evethanging and they
endanger friendly ships as wels enemy shipNWP 315, 1996) According to The Hague
VIII Convention of 1907, automatic contact mines thatrase under the control of the person
who laid them must beare inactive within 1 hourlLaws of War: Laying of Automatic
Submarine Contact Mines, 1907Because of this, drifting mines are usually fitted with a self
destruct nechanism that will sink them after a given period of time, neutralizing any threat they
may cause. Regardless, the use of drifting mines is not within the rules of engagement, and they
are considered illegal warfare due to the danger they pose to comnadi civilan surface
ships(NWP 315, 1996)
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2. Primary Mine of Concern

From the analysis performed on the three main types of mines it can be determined that
the bottom mine is the greatdbreat to an amphibious assault in the VSW range. The primary
UHDVRQV EHLQJ WKH ERWWRP PLQHYVY ODUJHU FDSDFLW\ IR
ground clutter. With only the VSW range in mind, any craft will be in the damage radius of any
mine placed in this region. However, the moored and drifting mines have a smaller explosive
payload capability, comparatively speaking, and the damage caused by these mines is not as
great when detonated at an equal distance. When mine hunting and gwieepimques are
considered, moored mines are easier to detect, or mechanically sweep. Discussions with
stakeholders indicate that drifting mines cadifficult to detect are easily deploye@nd their
movemens make them difficult to track. Howeviedue to the possibility of moving out of the
VSW range or deactivating after a set period of time, this analysis does not consid&r beea
threat greater than bottom mines.

Tablel is a summary of the general characteristics of the three types of mines considered
in this analysis. This summary was developed from information gathered from many sources
(Erickson, Goldstein, & Murray, 2009; NWR15, 1996; Mason, 2009; Molina, Sanchez, &
Rodrigo, 2007; Sei Spa, 2011; Rios, 2005)
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Tablel. Mine Characteristics

Summary of the general characteristics of the three types of mines present in the VSW depth zone: bottom, moored,
and drifting mines.The table was compiled from information gathered froemy source¢Erickson, Goldstein, &
Murray, 2009; NWP 3.5, 1996; Mason, 2009; Molina, Sanchez, & Rodrigo, 2007; Sei Spa, 2011; Rios, 2005)

Mine
Around Varied. The max water deptt Varied. > 10 years. Fitted
440lbs, Some are | is limited by the Typically a steel| with a self
including around 22in| length of the cableor chain destruct device
Moored 175Ibs of by 115in mooring cable, the | connects the that will cause
explosives weight of the cable, | mine to an them to flood and
and the mine case | anchor. sink if they are
crush depth separated from
their anchor
Around 330 | Varied. Used when water is | Nonbuoyant
to 3,300lbs, | Some are | no more than 200ft | casing causes
including around 19in| deep unless mining | the mine to sink
Bottom | about 275 to | by 128in appliedfor to the sea bed.
3,090lbs of | and 29in by | submarines around | No tether, held
explosives 161in 660ft deep in place by
weight.
Around Varied. Surface or the No tether. Drifters are
440lbs, buoyancy can be usually fitted with
including adjusted so that the devices designed
i 180Ibs. of mine floats at a to sink.them after
explosives preset depth. Good a relatively short
for areas that are toc life span
deep for moored or
bottom mines.
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3. Triggering Mechanisms

According to Mine Warfare(NWP 315, 1996) the various types of triggering
mechanisms can bdURXSHG LQWR WKUHH FDWHJIJRQUB XHQFHR @W WKW
DQG FRPPDQG DQG FRQWHIRPQITHWRBWRERIQEHG WKXV IDU DUFE
more of these types of triggering mechanisms in otaleesist minesweeping tactit§WP 3
15, 1996) Each mine contains a firing mechanism which triggers the actuation once it receives
an electrical signal from its detector. Once the firing mechanism receives the signal, it is
analyzed to determine if it canfeom a valid source, such as an enemy shifhe firing
mechanism will initiatedetonation of the mind the signal source is deeah valid and within
range

a. Contact Actuation

The contact trigger is one of the oldest and easiest to use. In order tateléb@nming
the watercraft must make physical contact with the mi@errent nine warfaretactics describe
many different types of switches that can be used. What is common to all the switches is that
once the watercraft makes contact with the mine an electrical connection is made and causes
detonationNWP 315, 1996)

During Desert Stormthe Iragis made significant use of moored mines using a contact
actuation methodSome examples of these are the Sovied8vland the Iragproduced LUGM
145(Final Report to Congress: Conduct of the Persian Gulf War, 1992)

Since this analysis is limited to the-20ft depth range, the types of mines tld®ly to
have this type of triggering method are either moored mines or drifting mines. Although bottom
mines can also have this type of triggering method, this analysis assumes that watercraft
transiting the 1@10ft depth range would not commonly cact the sea floor making this
triggering method ineffective for bottomines

b. Influence Actuation

The influence actuation trigger type does not require physical contact between the ship
and the mine. As a ship or other craft moves through the water afeeaemultitude of signals
that can be detectedlhis makes it possible to have the mine further away from the target ship
and still trigger a detonation. The influence triggers can be grouped into four different sub types.
According to Mine WarfargNWP 315, 1996) WKHVH FDQ EH OLVWHG DV 3DF
SHOHFWURPDJQHYSIUH VY XWXHD@KD XUIPIFNHPLF LQIOXHQFH
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Acoustic

Acoustic influencdriggers consisbf hydrophones thatresensitive to the sises created
by ships as thegnove through the watefNWP 3-15, 1996]Molina, Sanchez, & Rodrigo, 20Q7)
These noises generally are thadt hull noises caused by the ship moving through the rwate
machinery noises caused by engines anddthé \VWHPV DQG QRL\ropEIRXVHG E\ D

The acoustic influence trigger is susceptible to mine sweeping using equipment that
simulates the noises caused by ships. This equipment is pulled thneughater emitting noise
similar to that of a large shiphus causing the mine to detonate a safe distance away from the
MCM personne(NWP 315, 1996)

Information gathered about the MINEA family of mines indidateat somamines have
the capability to detect sonar signals and receive coded acoustic signals used to activate and
deactivate the min@Molina, Sanchez, & Rodrigo, 20Q7Yhe purpose of sending coded signals
is to allow the mine the GHDFWLYDWHG IRU VKLSV ZKLFK ZRXOG EH 3
reactivating once it lthpassed. This also all@dthe minefields to be deactivated at the end of
hostilities (Molina, Sanchez, & Rodrigo, 20Q7)Advanced ersions of these types of mines
dampen their influence and characteristics to remain undetected when being swept by MCM.

Electromagnetic

Multiple sources indicatethat apart from the acoustic trigger the next most comwam
WKH 3PDJQHW LiggerQ IThiX H/QeFdafl friggering mechanism detechanges in the
PDJQHWLF ILHOGY DURXQG WKH PLQH :KHQ D VKLS ZLWK
magnetic field, a slight distortion occurs in the surrounding area. Although slight, this distortio
is significant enough to trigger a midWP 3-15, 1996; Molina, Sanchez, & Rodrigo, 2007)

A similar technologyelectrical potential influencegetecs the electric currents caused by
dissimilar metals immersed isea water.Since the hull of a ship and the propeller sr@de of
different types of metal, an electrical current is created when the ship moves through sea water
(NWP 315, 1996; Molina, Sanchez, & Rodrigo, 2007)

The magnetic influence trigger is susceptible to mine sweeping using equipment that
simulates the magnetic distortion created by a ship. This equipment is pulled through the water
creating a magnetic field that is similar to that of a larger craft mgubkie mine to detonate a
safe distance away from the mine counter measure pergOiWel 315, 1996)
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A few examples of mines using electromagnetic influence technology are the MINEA
family of mines, the MANTA mine, and théhinese EM53 (Erickson, Goldstein, & Murray,
2009; Molina, Sanchez, & Rodrigo, 2007; Final Report to Congress: Conduct of the Persian Gulf
War, 1992)

Pressure

Pressure actuatiazonsiss of sensors thatandetect the pressure waves caused by a ship
moving through the water. These sensors are sensitive and can be triggered by wave action if
used along(NWP 315, 1996; Molina, Sanchez, & Rodrigo, 2007However, a presse
triggering method is typically not used as the sole triggering method.

When used in combination with other sensors such as acoustic and magnetic, pressure
detection can be used to counteract mine sweeping activilieflas been stated that this
COPELQDWLRQ RI VHQVRDU CADIP 8 RWNWL E\® H {iEksWE GditiSteid, PLQH~
& Murray, 2009) This is because there is currently no equipment capable of simulating the
pressure waves necessary without moving a vessel through th@N&v€a3-15, 1996) When
these sensors are used in combination, sweeping would resfuuéting the noise, magnetic
and pressure signatures at the same time in order to trigger the mine.

Some examples of mines using pressure sensors are the MINEA family of mines, and the
Chinese & (Erickson, Goldstein, &urray, 2009; Molina, Sanchez, & Rodrigo, 2007)

Seismic

Seismicinfluencetriggering consiss of accelerometers in the mimketecing movement
in the mine case, or the sea floor where the mine is laid. As sound waves interact with the sea
floor ard the mine casing, vibratiormccurwhich can be detectdaly the accelerometersSince
the vibrations are caused by sound waves, seismic triggerisignisr to acoustic triggering
(Molina, Sanchez, & Rodrigo, 2007;WP 315, 1996) It can be assumed this method of
triggering would be susceptible to the same mine sweeping techniques used for acoustic
triggering.

Two examples of mines using seismic influence triggers are the bottom mine version of
the MINEA family of mines, and the MANTA minéErickson, Goldstein, & Murray, 2009;
Molina, Sanchez, & Rodrigo, 20Q7)It can also & assumed that drifting mines could not be
effectively triggered using this method. Since the seismic vibrations are being transmitted
through thesea floor the triggering sensor package would né@de in contact with the sea
floor.
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c. Command and ContrbActuation

7KH 3&RPPDQG DQG &RQWURO™ PHWKRG RI WULJJHULQJ
from a control station causing detonation. This method is mostly used for port and harbor
defense since it allows the mines to be detonated only when an obs&vey the targetNWP
3-15, 1996) This type of trigger cannot be effectively swept since an external signal must be
sent to the mine before detonation.

The MANTA-103 has an option of having a remote control cable in order to receive
signals(Sei Spa, 2011) It would also be possible to use acoustic links similar to the one used in
the MINEA family of minegMolina, Sanchez, & Rodrigo, 20Q7)

4, Mine Deployment

Mines can be delivered to their final plant position via aircraft, submarine, or surface
vessel. Each method has its situational advantages and disadvantages. Whercspeaibis
the ar@ to be mined is not freely available to the minelayer, using aircraft is best. If stealth is
required, then submarines are much more suited for the task. In the case of a large number of
mines needing to be placed, or the availability of other deligeadt is limited, various surface
vesselgnay be used. It is important to be aware of the deployment methods and the reasons for
their use. By knowing the method of deployment it becomes easier to determine which mines
pose arisk in a given area.

a. Aircraft Delivery

Aircraft are the preferred method of delivery when placing offensive naval mines. They
can accesareas to which submarines and surface ships cannot, including existing minefields and
shallow waters. Dropping mines is similar to dropping bsnand typically the same aircraft
that areusedto carry bombs are used to carry and deploy mines of the same weight class. A
drawback to this is that unless a cangorying aircraft is used, the weapon loads are small in
comparison to the large weaptwads that submarines and surface ships have when laying
mines. The mines which are deployed by this method are specially designeediivairy so
they do not crush or damage upon contact with the water. One major advantage is when notified
of a minelaying mission, aircraft have fast response times. However, a major disadvahtage
aircraft delivery it is much less accuratghen compared to other methd@8VP 315, 1996)

b. Submarine Delivery

Submarinedelivered mines are the preferred method of delivery in covert offensive
operations. They are effective at penetrating areas with high surveillance of surface and aerial

20



crafts. The mines whichare deployed by this method are specially coméduo be launched
from torpedo tubes or mine belts of the submarine. Such mines include the propelled bottom
mine which, once fired, will guide itself to its specified plant posi{WP 315, 1996)

This method can be didvantageous due to its long response time and limited availability
of submarines. When a submarine is called for a mine laying mission, it must first return to port
where the torpedoes are unloaded and the mines are loaded. Furthermore, thereasoa limit
capacity of mines that can be carried at NP 3-15, 1996)

c. Surface Vessel Delivery

Surfacedelivery of mines is the preferred method for defensive minefields only. It is
advantageous due to its large load capaaity the accuracy wittvhich the mines are placed.
During mining operations the ship is vulnerable to attacks by the enemy and, therefore, it
requires that the surrounding area be under friendly control. When a surface ship is called for a
mine-laying mission, the ship must first travel to a location where the mines can be loaded before
it can travel to the location of the minefigdWP 3-15, 1996)

Given the focus of the 180ft depth range, surfaakelivery is the most scomon method
of deployment. Mines possessed by enemy countries are manufactured to be easily laid from a
variety of watercraft, including rubber dinghies, tugboats, barges] dedicated mine laying
craft (Final Reporto Congress: Conduct of the Persian Gulf War, 1992; NWIB,3996) If a
surface craft has a large load capacity, it would be reasonable to deploy lines of mines.
However, if a craft has a small load capacity, then the pattern of the minefield isamdoen.

5. Platforms at Risk

The assets that are at risk include US Navy and Marine amphibious assault vehicles
(AAV) which operate in the 100ft littoral zone. Large US Navy and Marip&atforms are not
considered for this range because the draft of these platforms typically exceeds 40 feet.
Examples of the high risk assets include, but are not limited to: LCS class ships, the Landing
Craft Air cushion, the future Ship to Shore Connecdtiee Amphibious Assaul ehide (AAV -
7A1), and possibly theuture Expeditionaryrighting Vehicle (EFV). In this region, all mines
pose a threat to each asset.
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6. Countries of Concern

In order to fully understand the mine thraais important to understand the capabilities
the enemy possesses. As of 2001, over 50 countries utilize mines in the littoral region to aid in
the prevention of amphibious invasion and about 77% of the ship casualties betw@end95
2001 were causedy mines(Cornish, 2003) Figure6 shows the US ships that were damaged,
the countries responsible for the damage, aedweapons used. Due to their current tensions
with the United States, the following three countries are the prime focus: China, Iran, and North
Korea.

US SHIP CASUALTIES
BY WEAPON TYPE, 1950- 2001

I e 1

Korea Iraq m— .

USS BARTON (DD-772) USS STARK (FFG-31 I I o 1

USS MANSFIELD (DD-728) Israel
USS LIBERTY (AGTRE

USS BRUSH (DD-745)

USS SARSI (ATF-111)

USS PARTRIDGE (AMS-31)

USS PLEDGE (AM-2TT)

USS WALKE (DD 723)

USS E.G. SMALL (DDR-838)
USS PIRATE (AM-275)

USS MAGPIE (AMS-25)

Vietnam Vietnam 2
USS WESTCHESTER CO (LST-1167)| USS HIGBEE (DD-806)
— i
Iran — Israel E
USS S.B. ROBERTS {FFG-SBI USS LIBERTY (AGTR5)
Iragq —
USS PRINCETON (CG-59)
USS TRIPOLI (LPH-10) |.Msg-b| TopedoD Aer‘dAﬁad(EIIVi'ei
Total: 14

Figure®6. US Ship Casualties by Weapon (195001)

As of 2001, over 50 countries utilize mines in the littoral region to aid in the prevention of amphibious invasion and
about 77% of the ship casualties between 1950 and 2001 were caused biCmines$, 2003) This chart defets
which US ships were damaged by what mines with the country respdiasitiie associated damage.

a. China

&KLQDYVY OHWKDO DUVHQDO FRQVLVWYV RI D ZLGH YDULHYV
the largest in the world and is estimated to contatwéen 50,000 to 100,000 individual
weapons. It is important to understand that mine stocks can be hidden very easily and so it is
GLIILFXOW WR SLQSRLQW WKH H[DFW TXDQWLW\ &KLQDYV
acoustic, magnetic, water gsare and mixed reaction aquatic mines, rising moored mines,
remote control mines, and mobile mines; all ranging from the less advanced technologies of the

22



earlytwentieth centuryo the more sophisticated bottom and propelled minésdafy (Erickson,
Murray, & Goldstein, 2007)

b. Iran

Proceeded by the United States, Russia, and China, Iran is thought to have the fourth
largest inventory of naval mines in the world, with an estimated 5,000 minespiosgsssion.
The EM11 bottom mine, the EM31 moored mine, and the EM52 propelled rising mine make up
nearly 1,000 of thesmines(5th Fleet Focus: Iranian Underwater Warfare Capabilities, 2007)
The EM52 is thought to be the most dangerouseir inventory since it is rockgtropelled and
does not allow time for a ship to deployuntermeasurdgg&rickson, Goldstein, & Murray, 2009)
Iran purchased 3 Kilglass submarines from Russia in 2000 and in the procesptsskssion
of 1800 mines. While it is unlikely that the Kikubmarines are in good condition, they are still
capable of deploying approximately 36 mines per sortie. If paired with a merchant ship supplied
with mines, they could perform2 mine layingVRUWLHYV SHU ZHHN )DFWRU LQ ,
produce normagnetic, drifting, and remctntrolled mines and they stand to gain considerable
clout in naval warfargsth Fleet Focus: Iranian Underwater Warfare Capabilities,)2007

c. North Korea

$ERXW RI IRUWK .RUHDTV QDY D 6Ghor#&libeF AHhis WiclddédJ DQJIJH G
approximately 430 combat vessels (i.patrol boats, missile boatgnd torpedoboats) 35
submarines, and over 330 support vessadslandingships, fire support vessels). The majority
of the submarines are Romelass, and althougbomeresearchers consider them outmoded and
slow, they are still very capable of deployingnes (Howard, 1999) Furthermore, North
KorHDYfV PLQH LQYHQWRU\ FRQVLVWY ODUJHO\ RI ROGHU WHF
the historical experience of their effectiveness and the confidence to use them. Once the
defensive minefields have been set, they are monitored by radar andatibesr teams
positioned on the coast. Should the enemy be detected, North Korea will respond with support
from artillery and missile batteries. This constant surveillance makes close approach and MCM
operations verglangerougKorean People's Army Navy, 2011)

7. Lessons fom History

To date, Irag has been the location of the last two US engagements in which mine
hunting was critical for an amphibious force. The first engagement was the Persian Gulf War in
1991 and the second was Iraqi Freedom in 2003. The Persian Gulf War wasreghaidhine
warfare failure to the US, but served as a learning experience that resulted in the mine warfare
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success of Iragi Freedom. By looking at the differences between the two engagsamee
insight can be gained.

a. Persian Gulf War (1991)

Out of tre reported 1167 mines deployed in the waters around Iraq and Kuwait during the
Persian Gulf War, many were Iralguilt equivalents to Russiamade contact mines from a
WWI design. Additionally, their arsenal contained more modern mines, including acauctic
magnetic influence mines purchased from Russia and Italy. During the lead up to the Persian
Gulf War, US forces did not take any action to prevent the use of mines for fear it would provoke
the Iragi Armed Forces. Unfortunately, this allowed thgilNavy to use rotaryinged aircraft,
modified tug boats, and barges to deploy mines in the areas surrounding Kuwait gifrihihq
Report to Congress: Conduct of the Persian Gulf War, 1992)

The Iragi Navy deployed the aquatic mines in haste, causing them to improperly plan and
execute the mine laying activities. As a result, up to 95% of the acoustic mines were later
determined to be inoperative, and 13% of the moored mines broke freeiteDbi) the US
received damage to 2 warships and cancelled an amphibious assault on Ash Shuaybah in
Northern Kuwait. To further impede the effectiveness of the US MCM forces, the minefields
were deployed in areas within reach of sHoased missile andrtillery batteries andreated
opportunitiesfor small boatattacks(Final Report to Congress: Conduct of the Persian Gulf War,
1992)

b. Iragi Freedom (2003)

During Iragi Freedom, the US and coalition forces expected theN@gi to once again
mine the areas around lIrag. Consequently, MCM activities began early with air superiority
activities used to prevent the enemy from deploying mines via aircraft. This limited Iraq to using
small rubber boats, modified tugs, and bargd® further reduce their effectiveness, SEAL
teams were sent to engage those forces, and thoselayimg assets were captured. These
preventative measures were successful in reducing the amount of naval mines Iraqgi forces
deployed and therefore reducélde amount of United States mine counterasure assets
required in many areas. However, this does not show that the ability to detect and clear mines
improved, and indicates that prevention allowed this conflict to be considered a mine warfare
succes$PEO LMW, 2009)
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8. Future Mine Capabilities (5-10 years)

Lethality and stealth are evewolving aspects of combat technology. As such, combat
mines are always changing with respect to both offensive and defensive capabilies.there
is an improvement in the ability to detect mines it forces an improvement in the technology used
to avoid detection. One technology that will be used in the future is Unmanned Underwater
Vehicles. These unmanned vehicles are ideal for miaeepient without the need to put
SHUVRQ QH Way(®asob, 2609)V

Wireless communication is currently beimgorporated into neweminesgiving these
minesmoreC2 functionality. Thewireless link coupled with direction finding sensors allows for
the networking of mines and remote C2 to obtain and relay location, speed, and bearing
information oftargets. Once this information is determined, a mine can be remotely detonated at
the best moment to achieve maximum damage. This detonation could be limited to one mine, or
cover a group of mines, depending on the target and desired effect. In addition, this technology
allows for the possibility of Identifying Friend or F@&lason, 2009) By using acoustic links,
PLQHVY OLNH WKH 6%$(6Y 0,1($ IDPLO\ RI PLQHV FDQ EH GHDF\
through the minefield and then restored to an active state once the shipdelaaed(Molina,
Sanchez, & Rodrigo, 2007)

Computing technology is also becoming more prevalent in the construction of mines. As
microprocessors become less expensive, this allows more intelligence to be built into the mines
and networks of mines. Givehat mines can be equipped with various sensors, it is possible for
the detection of minesweeping efforts to be circumvented by detecting multiple trigger types.
For example, if a mine detects the magnetic or acoustic signature of a large ship without
detecting the pressure signature, the mine would assume this is a mine sweeyy alwirstat.

As mines are equipped with more processing power, they can potentially gain the ability to
detect more specific targets. This may allow smaller craft to passdrgén to damage larger
ones, or they may allow multiple craft to pass by before detonation.

Another technology that is being implemented pertains to the physical shape and
materials used in the construction of mines. In order to disguise the minelétection by
sonar, mines are being created in irregular shapes. These shapes could simulate plant life or
other objects that would normally be found on the ocean floor, including junk that could have
been dumped into the s@dason, 2009; Rabiroff, 2011)The use of nomagnetic materials is
being incorporated in order to reduce the chance of detection by magnetic resonance mine
KXQWLQJ 7KH XVH R HkrechicH B D WIHUDBRBAO®ad droréd order
to dampen the reflection of sound which would indicate the presence of gMasen, 2009;
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Molina, Sanchez, & Rodrigo, 20Q7)New technologies are being used to actively or passively
bury mines. Some caskapes encourage the natural flow of sand and water to bury the mines,
and some of the aircrafteployed mines are created to enter the water in such a way that they
will automatically bury themselves. It can also be possible to have a tedpptiyed nme
incorporate similar technology to use its propulsion to buryrtime (Mason, 2009)

9. Threat Analysis Conclusion

Sea minesare becoming more challenging to identify, classify, locabrel detect in the
VSW zone Further work is needed for future systems to maintain the ability to counter and
respond to emerging threats to continuously allow the US Navy to perform amphibious
operations in the VSW zone without high risk of damage from sea mines.

B. CURRENT CAPABILI TY ANALYSIS

An assessment of curremdS MCM and future US and North Atlantic Treaty
Organization (NATO) systemstilizing current Marine Corps amphibious doctrine, approved
development programs descriptions, stakeholder feedback, symposium presentaitbns, a
publicly available unclassified information comprised the current capability analybie
assessment analyzed whether current and fudyseemsare sufficiently capable to detect,
localize, identify, classify, and neutralize threaxpectedn the VSW zone tofulfill stakeholder
needsn a standalone or systeofi-system configuration Appendix Apresents a description of
the current and future systems researched that contributed to the findings of the analysis.

1. Current Capability Gaps

MCM systems ge moving towards remotely operated sensors and systems as opposed to
diversand mammalin mine clearing operations. However, there are still several challenges that
must be met, and capability gaps that exi3ihe result of the capability analysis idi¢ied
capability gaps that cannot be met with existing or plarplatiorms, and systemseed to be
updated to meet current policy, procedures, or tactics.
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Table 2 identifies the capabilitieand limitations of current MCM systems in the

minefieldderived from the research of current systems containddpendix A.

Table2.

There is currently a variety of MCM systems that are in use by the US and NRfi®table presents a high level

Capdilities of Current MCMSystems in th& SW Minefield

view of the advantages and disantages of the diver, MM8UV/AUV , and Surface/Aviatiobasedsystemsn
the VSW Minefield

MCM SystemTypes

met.

- Sea conditionand
environment effect
the ystem
performance

- Requires
cranesupport
platform to launch

vehicle

: Surface/Aviation
Diver based MMS based UUV/AUV based Platform Based
- Has the capality - Conducts MCM -Conducts the fasteg -Can cover a
to provide quick clearance operations at | identification, large amount of
visual identification | faster peed andlonger classificaton, area quickly
overall - Can be exec_uted endurance over diver Iocaliz_ati(_)n, and
System covertlyonce in the | systems _ detectionin MCM_
Advantages AO - Rem_ove_s the diver from| clearance operations
- Proven the minefieldand - Greater endurance
effectiveness conducting speed, and coveragg
clearance/neutralization | than diver and MMS
operations
- Diver systems - Mammals in the - UUV data analysis| -Involve large
involve humars minefield is not inreattime. numbers of
directly exposed to | (ethical issues) The system is humans operating
minefield (safety/risk| -MMS have limited required to be in minefield
issues) classificationcapability recovered and -Are easily
- Divers have limited | andlong detectiontime of | analyzed during pos| detected when
area overage threatscompared to diverd mission analysis, working in the
capabilitydue to - Limited coverage area | resulting in extendeq VSW zone
environmental and sped; MMS is faster | mission times. -Limited
Overall conditions, human | and covers more area thg - Limited ability to maneuvering
System speedandhuman divers, but MCM conductcovert ability in VSW
Limitations | and diver support clearance operations operations inowing | zone due to wate
equipmenendurance| requirements are not beirl mode of operations | depth and

environmental
and mamAmade
obstacles
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Table3 provides a snapshot afhatcurrent MCM systemare used against each type of
mine threat. As indicated by théable EOD or diver systems are currently the best method for
coverng the breadth of mine threats as partEsplosive Ordnance Disposal Mobile Units
(EODMUs). EODMU ONE is currently the only Navalommand possessing\ésW MCM
capability. At present, EODMU ONE utilizes a combination M&rine Mammal Systems
(MMS), the MK 18 Mod 1 Unmanned Underwater Vehicle (UUV) and specialized divers for
conducting VSW MCM.

The unmanned systems like the ASQA and SQGB2 provide mine countermeasures
capability short of engagement for most of the mine threats in the VSW zone. Theti63.0
and SLQ@37 unmanned systenigve the best threat coverage, but only provide area engagement
capability. It is apparent frorfable 3that a futureMCM system is needed to provide the
necessary coverage across the threat set.

Table3. Current MCMSystemCapabilities

The current MCM systems in use today provide a range of capabilities across the diffaeetyipesFor the top

portion of the table, ® p;1 GHQRWHYV D V\VWHPY{V FDSD Edr@hée bottom@ontiol bf tfkeR UUHV SR Q C
WDEOH DQ ;1 GHQRWHY WKH PLQH W ¥S sBhdwhl, briykan\BEQMivVet §ystevh daml HFWLYH DJ
carry out thecompletedetectto-engage sequence capabilibanday 11, 2005)

= g 0
Els|al|d|eld |
5|38 a|3|8 88
O ) o | £ | X | 4
| < (] = ) = 0 =
RECON X X X
SENSE X X X
POINT ENGAGE X X
AREA ENGAGE X X X X
FLOATING X X X
NEAR SURFACE X X X X X
MOORED X X X X X X
CLOSE TETHERED X X X X X X
C-C TETHERED X X X X X X
BOTTOM X X X X X X
BURIED X X X
ANTI -INVASION
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Table 4displaysMCM systems that areurrentlyunder developmerdguchas the JABS,
OASIS, and AMNSand systemscurrently being fieldedike the MK104/105, SLEB7, and
MNS. As seenin Table 4 the developing systemwill provide increased capability for
engagement of bottom mines, gt for buried minesthe focus of this capstone projediill
the EOD solution is the best thus far €apability across the threat set.

Table4. Future MCM System Capabilities

The future and developmental MCM systems showthimfigure take the man out of the minefidiar the top

SRUWLRQ RI WKH WDE¥O/MNW HRYJ W ;FDEHERYIHVN\DQ WKH FRUUHVSRQGLQJ URZ
WDEOH DQ ;1 GHQRWHYV WKH PLQH WASddehtheBemidwst\sydtemPlatkhéddl HFWLYH DJ
one capability for the detetb-engage sequenc&his forceslie use of multiple systems to carry out a clearance
operation(Landay Ill, 2005)

- ol =
3 4 it 2
< <[> < 3|3 o
2 2319188 |32, ol 8l 35S
ol (>|alo|ls oo Blalalza & S
ol=|2|0la|a|lo|lol B o225 K O ¥ o] x
Wi |D|0|€|<|0n | < s|Wi=|<<|0|n|l =2|n|=2
RECON XX [ X[X[X|[x]x]x X
SENSE X | X XX XXX X
POINT ENGAGE | X X [ X
AREA ENGAGE XXX [x][X
FLOATING X X X X
NEAR SURFACE | X | X | X X X X XXX [X]X[x
MOORED X XX X X | X X[ XXX [X[X]X[xX
CLOSE
CEThERED X | X | X X X | X X | X | X|X X | X
C-CTETHERED | X | X | X X X | x X [ X[ x|x X | x
BOTTOM X[ XX X X [ X X [ X[ x|x X [ X
BURIED X X X X X [ X
ANTI -INVASION X X

Due to the complexity of the VSW enenment, creating a systetimat meets all the
requirements and challenges is difficult. Based on the project problem statement, this analysis
has identifiedive capability areathat should be considered in current and future system
developments.

a. System Ease of Deployment

The first important aspect to note of current and future MCM systems is that they require
helicopter deployment, helicopter tow cablaftoral Combat Ship I(CS) ship with crane
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deployment, oraLCS tow cable.Although the ability to deploy a system by helicopter or ship

is not by itself an exclusive limiting factor, a system that could be transported and deployed
using a variety of platforms would allow fortber use of Navy/DOD resources, resulting in time
and cost savings.

b. Mine Hunting Process

Currently, there is not a single system or process that fulfills the need for detection,
localization, identification, classification, and neutralization without tise of divers or
mammals in the minefieldA multi-functional system or integration of multiple systems could
be deployed to perform the mine hunting process. The result of afumdtional system that
performs all the functions the detecto-engagesequencesould result in a reduced logistical
footprint The need for redundant functions, such as thexgeisition of the mine by a second
neutralization platform, could be eliminated if such a system existed.

c. Types of Mines

ReviewingTable3 and Table 4t is clear that there is ha singularsystem that can cover
the gamut of mines that could potentially be encountered in the VSW zone and not be limited to
a specific mine thrda If possible, Future MCM systems should be designed to complete the
mine hunting process for all types of mines in the VSW zone. This system concept would
include mine threats from buried and bottom mines, tethered type mines, suifeeand
floating mines.

d. Oceanic Limitations

The VSW region is a complex region where the surface and bottom Ekman boundary

layers mergestratification can be transient, buoyancy fluxes significantand fluid motions

can be dominated by various waves, tides, orflegquency currentéNational Academy Press,
2000) The Ekmanboundaryis the layer in dluid where there is dorce balance between
pressure gradient forceotationalforce andturbulentdrag This boundary region haseveral
naturaland marmade factors that can degrade the ability of M@&Wsers to acquire, sensad
discriminate mines from natural phenomendncreased image aberratioasddegraded image
resolutionimpact objectdetection and identificationonstraiing how fastand reliablea search

can be conducted.

The influence of rateorological variability on earshore mine warfare canebeither
direct or secondary. Direct influences are primarily related to the effects of atmospheric
conditions on MCM sensor capabilities. An exampiesuch is cloud coverreatingconfusing
shaasws for optical ensing, or clouds and rain théégrade both optical dnacoustiesensing
performance.
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Secondary influences are mostéfated to atmospheric comidins that drive fluid motion
affecing mine burial conditions and the performance of mowuntermeasuresLocal winds
often influence the burial of the mine and the turbidity of the environment, complicating diving
operations.On a large scale, winds can dramatically change local optical and acoustic properties
of a water column due to cufation caused by the influencé local coastal topographyThe
local atmospheric conditions can also cause muddy outflows of water from nearby rivers and
estuaries into the VSW region.

Spatial and temporal variations in water depth and seafloor ercdih influence the
location and height of breaking waves, the position and strength of surface currents, and the
propagation of the tide into the VSk¥gion(National Academy Press, 2000Jhe measurement
of water depth in th& SW region changes rapidly due to a wislgectrum ofobjects on the
ocean floor The fluid dynamics and the sea floor makeup in this region can quickly cover or
uncovered bottom mines due to the shifting of the sea floor.

Tidal currents have a directfinence on mine warfare operations in the VSW and surf
zone region. Tidal currents can cause a dip that keeps moored mines below the surface, and can
increase the scour of bottamines(National Academy Press, 20007 hese tidbcurrents in the
VSW region often exceed 1 knot and thus can affect damer marine mammal operations.
Currents in the VSW and surf zones are also more diredtlyenced bywind, wavedriving
forces,andbuoyancy fluxes due to runoff or river outflowridal models in the VSW and surf
zone that predict currents aneaccurate due to nonlinearities, bottdnction, and boundary
effects, such as reflectioand local forcing (storm surgégNational Academy Press, 2000)
Thereis very little support in modeling to help predict these effects on MCM systems.

e. Technologic Limitations

Current MCM systems are not able to expeditiously and accurately complete the mine
hunting process. Mine detection system development is makingeast towards faster area
clearance through improvements in the areas of lasers, optics, sonar, and acoustic technologies,
which have made it possibler humans to review sensor dabeeffectively identify and classify
target threats. The possible integtion of these technologies, along with updated software
capabilities would allow for improved automated processing t@mget identification and
classification

The effects of optical properties are very important and hard to predict in the VSW
region. The variance in optical properties affects the visibility for divers, Light Detection and
Ranging Systems (LIDAR) and other MCM systems depending on optcedors(National
Academy Press, 2000)Theeuphotic zone which is defgd as the area between the sea surface
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and the depth where light diminishes to 1 % of its surface \(@lhamberlin, 2011) The depth

of the euphotic zone depends largely on the concentration of organic and inorganic materials
dissolved or suspended in the water column. These suspended materials can create thin layers
with radically different optical properties that can degrade or obscure the alohteédvers and

other MCM sensors to detect the bottom and mine like objects.

Another problem for MCM systems in the VSW region is with acoustic sensors. Sonar
systems on MCM vehicles are expected to operate in shallow, very shallow, and deep water
zoneswhich require them to perform through the entire water column, including near surface,
seafloor, and subeafloor. This means they are not optimally designed for one specific area but
must be sufficiently ibad tooperate over the entire region. This lcdbadd to the difficulty in
operating inthe VSW region, sincdhe VSW area is characterized by the presence of
reverberative backgrounds, low sigit@noise environmenisand high cluttered acoustic
backgrounds. The VSW region has a naturally situatedditon in which sound velocity
profiles areoftenincorrectly characterized because they are continuously changing. This sets up
situationsfor autonomousplatforms to incorrectly interpret mines and miike objects or
incorrectly identify theirlocaions (National Academy Press, 2000)Therefore, identification
and classification are difficult by themselves falNMCM system with the neutralization process
adding another layer of difficulty iroenpleting the mission.

Finally, it should be expected that in the VSW areas that are compatible with marine
amphibious landings, there will keecertain amounbf manmade metal object clutter. This
metal clutter can be the result of dumping, ship wrecks, fishing losses, amdbinaashed out
into the area due to storms. These objectatsoproduce false positives for MCM operations.

2. Current MCM Manned SystemScenario

To aid in requirements development and to identify modeling parameters an MCM
mission scenario was developed. The mission scenario was created based on clearing a VSW
region with the current human system. The overall purpose of this scenario was tie @rovi
means of determining additional information on current MCM systems deficiencies. This
information was then used to help shape the requirements and modeling parameters of the new
MCM system.
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a. Vignette Facts and Assumptions
Thefollowing facts andassunptions are used in this vignette

1. A typical boat laneor Q-lane required for an Amphibious Operation is 2000 to 2700
yards by 500 yard§MCWP3-13, 2011) A boat lane is the area in which Marine
Amphibious forces travel fra amphibious ships to the landing beach viaphrbious
Assault VehiclesLanding Craft Air Cushion (LCAC), and Landing Craft Mechanized
and Utility (LCM/LCU) boats.

2. A typical Amphibious Operation will consist of 2 Marine Expeditionary Brigades (MEB)
with approximately 29,000 Marines and Sail@igickey, February 2010) For planning
purposes the amphibious force typically needs 12 Boat Lanesctedred(Moon, 2011)

3. The VSW region will baypically a 500 yard by 500 yard region of the boat lane.

4. The typical MCM diver can swim at a speed of 1 knot. This equates to 500 yards in 15
minutes(Marine Corps System Command Infantry Weapon Systems, 2011)

5. A dive team consists of 2 peop(®larine Corps System Command Infantry Weapon
Systems, 2011)Within the mission, severalive teams will be assigned to complete the
tasking. The number afive teams required to conduct the missieiti depend on the
size of the operational area. Dive supervisors will take into account the limitations of the
divers and their equipment during the planning phase.

a. Assumption:Dive teams are not affected by tidal or natural currents.
b. AssumptionDive teams are not affected by optical properties of the water.

6. Diving equipment weight and MCM equipment for one person is approximatelib226
(Marine Corps System Command Infantry Weapon Systems, .2011)

7. A two person team can roughlkcan 23 yards in aweep(Marine Corps System
Command Infantry Weapon Systems, 2011)

8. The sweep priority for the amphibious force is to detect, mark,aamnd (Clements,
2011)

a. Assumption: ltwill take a dive team 5 min to identify and mark a mine while
conducting a search.

b. Assumpion: The MCM diveteam, consisting of two dive teamss, covertly
delivered to the search site by a rubber boat that contains one driver
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Figure 7 displaysa typical clearanceswim patternconducted by MCM diversMCM
divers clearidentify, inspect and markhe area in a similar pattern by swimming back and forth
parallel to the shore. It is estimated that it will take 21 passes to clear the VSW region as

Mine Like
Object

Figure?. Beach Landing Site VSW Clearance

Typical clearance swirpattern used by a diver systeffihe typical coverage area will typically be 500 yards x 500
yards in the VSW are@oogle Maps, 2011)

For this scenario it is assumed that the mine densify mines per 500 square yards.
Based on the assumptions it would take one dive team 5 hours and 30 rtonstés the
pattern as shown ifigure7. However, this is assuming that the dive teean continuously
swim at 1 knot, which isinrealistic. To compensatea fatigue factor of 3% was added to time
calculations after the divers had swam 5 laps. Adding the estimated time it takes to identify,
inspect, and mark a suspegtmine along with fégue,the estimated time to clear thesaris 6
hours and 51 minutes. Bto limits of available aiin oxygen tanksit is essentially impossible
for one team to swedpis area in that timeTherefore, it is assumed that the minimum number
of teams neded to tear this VSW region is two teams. Assuming that each team covers half of
the aredo be cleared, Wvill take approximately 3 hours 40 minutes to clear the region.
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Based on this analysis, it will take a minimum of 5 diteams to clear the VSWegion
for one boat lane. Extrapolating this information, #s¢imated prsonnérequired to clear 12
boat lanes is 60. Since each person carries 213 pounds of equipment, the amphibious forces
must have the room to carry 10,244 pounds of dive MCM eagip to support the teams

b. Diver-basedVICM System Limitations and Takeaways

1. To identify andmark minelike objects the VSW region in approximately 4 hours
requires 60 people. If mines need to be classified and neutradditdonal planning
must be performed to allow crewsitientify the minelike objects. This will require
additional time.

2. Current MCMplatformsdo not have the space to support current M@dérations
To meet theabove time requiremen60 divers areaequired. This value does not
include the personneieededto supportthe divers. The current LCS ships only
provide berthing for 35 additional personn&herefore2 LCS shipswill be required
to complete the missionThis analysiglso does nanclude the personnel required to
clear the rest of the boat lanes. If the same personnel were used to clear the total
lanes, it will require additional time to transport, collect data, and rest the crew.

3. The LCS ships must have the necessary storage capacity to store the equipment.

4. The dive team requires additior@lanningtime that must baccounteddr to allow
the crew to operate when the environment is affected by tidal currents and natural
obstrucions

5. The dive team must operate during times of limited visibility to enable them to
remain undetected. THmckof-the-envelope BOE) analysis took this factor under
consideration for the analysis and determined that portions of the clearance operation
will need to be performed during times of light. This will make the team vulnerable
to the enemy and very difficufor theteam to remain covert.

6. The dive team requires a transportation boatnter the operation area and remain
close b the field tosupport divers. This creates an extreme limitation providing
support from the host platform to the diver transportation boat during clearance if the
host platform intends to remain over the horigdi H).

3. Current Capability Analysis Conclusion

It was determined through analysis and research in this MCM capabilities analysis report
that the current and future MCM systems are unable to adequately meet the 72 hours of clearance
time for amphibious VSW operation. fedesiged system architectuigd reassessent ofits
concept ofemploymentis recommended along witln evaluation ofthe development of future
systems to ensure they meet amphibious operational timeline requirer@emtent and future
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MCM systems are transitiamg to remotely operatiesensorsvith intertions to remove divers

from amphibious mine fieldperations as much as possible, iharé are still several common
challenges that need to be addressed with remotely operated sensor systems before they can be
meet MCM operational reipgments.

In general, limitations of the new MCM systems, particularity with UUV/AUVSs thag¢
they require more time for data analysis, with limited covert operatspeciallywith devices
towed from above the wateDue to the size of UUV/AUVS, therequre large platforms such
asan LCS or helicopteto launchthemin desied mission operations. c®anic factors causing
issues wh sensor information in the VSW zone create another hurdle to overcome in conducting
MCM operations in this region

C. OPERATIONAL CONSIDERATIO NS

In developing an understanding of current MCM threats and capabilities, it became
necessary to look further into the implementation of MCM using historical examples to guide the
development of an architectural solution and operaticorecept.

1. Background

US forces have been developing MGidpabilities since World War |, where the US
Navy assisted the United Kingdom with clearing the North Sea Mine Ba(@lpert, 2001) In
1988, MCM concepts were launchiedocountermines deployed in the Persian Gioif Iran The
mining situation in the Persian GUEDV GXEEHG W KH betdu§détH Wag Brd Wfan
focused their mines to attaskippingplatforms in this area.The threatof mined harbors and
sea lanesvere usedwith the intent of terrorizing friendly forces into diverting from normal
operations. The gaabf theseactions werdgo draw other countries into a war to cause Allied
forces to expend capital in quiding defenses for maritime shippindgran covertly attacled
shipping bound foneutral countries at the time includiSgudi Arabia, Kuwait and the United
Arab Emiratesin the hopes that these attagksuld force the Sheikdoms to take sides and thus
force Iraqginto withdrawing from Iranian territorgAndrew, 2007) While Iraq forcesattacled
shipping with air assets in a declared war zone, Was successful irattackng shipping
covertly with mines.

, U D @QtgnNtin 1988is slightly different from thedefensive objective odn enemy that
develops aoastaldefense against an amphibiassault The mining usetby the Iranians was
to covertly harass merchant shipping and disrtransit through the gulf. By subtly giding
mines in an area away from territorial waters and leaving them unattended, the enemy avoids
culpability by lack of presence when a mine detonatesnedusedfor littoral defenseare
similar to US mining policies since theye used to delay or digst amphibious forces with the
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intent of shifting counter attacking forces to stop the landidgainst an amphibious force, the
mines araised to canalize an attacking amphibious force into a kill #amgeted for destruction.
Therefore the threat empces a coastal defense with an ewatching force that will engage
andattempt to destroy all MCM operationsth direct or indirect fire This isuniquelydifferent
from the Persian Gulf experience in whichnes were placetly a country trying to hide its
identity.

The takeaway is that the enemy threat will not only be defensive, but also offensive in
tactics. For this report, thHdCM units cannot assumigeedom of mgementwhen sweepinga
coastal defensthat hasemployal sea mines To develop systems to support an amphibious
operation, it is important to assess and analyze how MCM operations deploy and employ tactics
to develop support systems to execute an amphibious operation.

a. MCM Operational Phases

MCM doctrine state that there are five maritime MCM mission objectives when
planning operations. These objectives are Exploratory, Reconnaissance, Breakthrough, Attrition,
and ClearindJP 315, 2011) The order of conduct for MCM operatiphases are:

1. Exploratory Phasezx In this phase an advance task force (ATF) conducts quick
reconnaissance to determine if mines are present in the path of the amphibious force.

2. ReconnaissandehasezIn thisphasethe ATF conducts a moredtoughreconnaissance
to determine:

a. Gaps in mine fields and any other obstacles present. The amphibious force
desires to find a path through the mines before attempting to neutralize mines to
create a path. In this phase, the navy planners try to find et @ the shore in
which the amphibious force can bypass and avoid obstacles.

Mine densityalong the desired paths to the objective landing point

Type of mines along the paths and their locations

Limits of the width and length of the mine fields andtabkes

Hydrographic reconnaissance in the area of operation, that determines depths,

beach gradients, and the nature of the bottom andmnaale obstacles

3. Breakthrough+The objective of this phase is directed at rapidly opening channels and
staging areasof an amphibious operation. The goal is to reduce the threat to friendly
shipping vessels passing through a mine threat area in a specified time available for
MCM.

4. Attrition +The objective of this phase is to continuously keep the threat of mines to
shipping traffic as low as possible when vessels must continue to transit the mined waters
for a comparatively long period of time.

® oo o

37



5. Clearing %In this phase, the mines are removed from the assigned area, reducing risk to
specified acceptable level.

b. Mine Field & Obstacle Detection in Support of Amphibious Operations

The fundamental phases the MCM systemust perform are the Exploratory,
Reconnaissance, and Breakthrough phases to support an amphibious mission. The most critical
tasks in accomplishing these atfjees is identifying where the obstacles and mine fields are.
However, unlike the mission to conduct MCM operations to pregactanes of ammunication
or port security; the second most important task is clearing the mine fields. This concept is
derived from several sources. A 1998 Concept for Future Naval Mine Countermeasures in
Littoral Power Projection report stated:

Rather than pursue an attritionist approach through cumulative destruction, the
FRPPDQGHU PXVW VXEMHFW WoKkdtacle$ Qtbl RigirdusPLQHY DQ
surveillance and reconnaissance in ordelotate and avoid them altogether or

maneuver through existing gaps. When avoidance is not an option and adequate

gaps are not readily identifiable, rapid; WWULGH EUHDFKL @ihe® 1 WKH HQHF
and obstacles will be conducté®hodes & Holder, 1998)

This was again echoed in a 2000 report from the United States Naval Research Advisory
Committee (NRAC) Panel:

The MCM mission must provide for mine clearance dbeckpoints, straits, and

the full length of the lines of communication as well as for projection of power
ashore. There have been egoing evolutionary changes to doctrine and tactics
that capitalize on the full potential of our current capabiliti#gese changes in
tactics and doctrine have not solved the mine threat in the CLZ to 40ft water
depth; however, themerging tactics do offer an alternative of going around or
over a mined beach. The commander must detect, classify and identify the
construt of the mine threat, assess the viability of gaps, determine the potential
for in-stride penetration and issue an operations orddre order might direct
exploitation of the gaps, direct minefield clearance for surface assault, or order
vertical enveloment, or any combination of the above, including all of them.
The requirement to clear the mined area remaiftse order must provide mine
clearance of an area large enough in capacity to provide for the unloading of the
huge volumes of materiel and wigtiting personnel required to exploit the initial
attack and conduct subsequeRtS HU D W L R Q(Maval\Resealth «Advisory
Committee, 2000)

Lastly, in a 2005 brief to the Mine Warfare AssociatiorigBdier Gereral Neller stated
LCommanders must be able detect and avoid mines when possible, and breach them when
necessary(Neller, 2005)
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c. Mine Clearance Area

The most critical objective is finding the gaps during the reconnaissance phase of the
operation. However, in order to determine the number of assets needed to conduct a MCM
reconnaissance; the size of the area and number of routes needing reconnaissartoe m
determined.

Figure 8 comes from Bigadier Gereral 1HOOHU fV Stu the HiQaV\hakfdré&R Q
Association and it depicts the size and the nundfaoutes needing reconnaissance for one
Marine Expeditionary Brigade (MEB). From the figure, a MEB needs two littoral penetration
sites (LPS) to land its assets ashore. A LPS is a continuous segment of coastline through which
landing forces cross by gace or vertical meanE§STOM, 2011) It is an area big enough to
support the landing of one Battalion Combat Team (BCT). However, to provide flexibility for
the Marine force to maneuver from over the horizon, a MEB reqatrasninimum 4 LPS to be
reconnoitered. Each LPS will consist of 8 potential littoral penetration points (LPPs). LPPs are
a spot on the shore to fix as objective for the amphibious force to breach or come ashore. It
needs only be large enough to suppbg passage of a single craft, but it may be used by a
maneuver element or series of maneuver elements passing in (@ii@M, 2011) The BCT
will actually need only 4 LPPs to be cleared, but once again requires the flexibility in maneuver.
Therefore the MCM assets must be able to reconnoiter a total of 32 LPPs. If the amphibious
operation needs to support 2EMs it could be surmisedhat the MCM operation must
reconnoiter 64 LPPs and clear 12 to 16 LPPs.

2 Potential LPSs per BCT => 1 Actual
4 Potential LPSs per MEB => 2 Actual
8 Potential LPPs per LPS => 4 Actual
32 Potential LPPs per MEB => 8 Actual
64 Potential LPPs per 2 MEB =< 16 Actual

Figure8. Amphibious Landing Site Dimensions

Map depictsthe number LPPs and size of area that MCM assets will neselaigNeller, 2005)
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To determine the width of the area that needs reconnoitering, it is surmised that each LPP
is wide enough to support one boat lane. A typical boat lane as ddsariBECWP 313, is
between 2000 to 2700 yards long by 500 yards in WiEiGWP3-13, 2005) Therefore if each
LPP is 500 yards in width and they are separated by 100 yards, a LPS must be at a minimum
4800 yards in width. If each LPS is separated by 3 Km as shoWwigume 8, the minimum
width for MEB landing site is approximately 28 Krito support 2 MEB, the landing site width
can range from 28 to 56 Km. This bgcause the MEB could land side by side or one after
another.

The length of the area is determined by adding the length of the boat lane with the
approach lane Figure 9 shows the concept for launching Amploibs Assault Vehicles
including theapproach lane, launch area and a boat lane. The approach lane is the area in which
a boat approaches an area to launch AAVs. The approach lane typi¢halitefrom 2000 to
10,000 yardgMCWP3-13, 2005) Therefore the total length of MCM clearance area is the boat
lanes plus the approach lane, which is a maximum @f0D2yards. The maximum overall area
the amphibious MCM as$s must reconnoiter and clear to support an amphibious landing for 2
MEBSs is approximately 56 Km by 12.7 Km.
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Figure9. Amphibious Operations Area

Figure depicts the concept flaunching AAV in support of an Amphibious OperatiddCWP3-13, 2005)
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2. Current Mine Clearance Operations

If mine fields cannot be bypassed on certain labe=ach operations become necessary
It is duringthe breakthrough phe® the third MCM operationgbhase in which the ATF will
perform breaching operations of the mine fields that cabaditypassed or gone aroundCM
doctrine states that there are 4 fundamental steps to breaching a mine obstacle in support of an
amphibbus landing which are: Suppression, Obscuration, Security, and RedictionPub 3
15, 1999) Alternatively, NATO describes these steps as: Suppression, Obscuration, Isolation,
and Reductio (NATO, 2010) For the purpose of this repothe NATO doctrine will apply.
NATO document ATPFB(B) Volume | describes these steps as the following:

a. Detection ofa Minefield

The mine field is detected and classified by the ATF during the exploration
reconnaissance phase shownFHigure 10. Boat lanes are determined and mines needing
neutralization are selected.

FigurelO. Mines are detected and located

Drawing depicts aawval force approadghg a mine obstacle between two islands
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b. Suppression

Effective suppression is the missiontical task during any breaching operation.
Suppression protects the forces that are conducting operations to reduce the sea mine risk,
neutralize obstacles or maneuver through these, and fixes the opposing force in his position.
Suppressive fires include the full range of lethal and-latial fires, from naval gun support
(NGS) and close air support& $6 WR HOHFW UR QNAFOD20M)D Figure ($ -~
graphicalO\ VKRZV D FRQFHSW IRU VXSSUHMWatthQhe mine flellv KUHDW TV

Figurell Suppression of Threat

Drawing depicts naval force providing suppressive fire for the commencement of mine obstacle clearing.
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c. Obscuration

S2EVFXUDWLRQ KDPSHUV RSSRVLQJ IRUFHVY REVHUYDW|
conceals friendly activities and movemen(.$4 SUHYHQWYVY WKH RSSRVLQJ IRUFH!
radio signals to @ VHUYH DQG UHSRUMNONVXI0) RRFgur&)IR demBrGtrates a
naval force that is obscuring the mine field with smoke, suppressive fire, actiorie
jamming.

Air Strike Forces

2. Obscuration B

Figurel2. Obscuration

Drawing depictsa naval force providing suppressive fire and obscuration for an MCM force to clear a mine
obstacle
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d. Isolation

Jsolation of the landing area is requir@dprevent opposing force interference with (sea)
mine and obstacle clearance operations, and passage of forces ashore through breached lanes.
Isolation can be achieved in a mansanilar to that describeth Suppression and also by
elements of thdandng force that are placed ashore by -misertion. Theselanding force
elements can neutralize coastal defense installations and seize and deny routes of ingress into the
landing area, thus preventing the opposing force to coattirk the landing beaek” (NATO,
2010) Figure 13 demonstrates the amphibious force isolating the coastal defense from being
reinforced and being able to engage the MCM force.

Figurel3. Isolation

Drawing is to demonstrate a naval force providing suppressive fire, obscuaatiosolating the threat from the
mine obstacle
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e. Reduction

Jdentification and marking of safe lanes for ttending forceto conduct surface
landings takes place by naval forces from the ATF, other assigned forces, and elements from the
landing force The location of lanes depends largely on identified weaknesses in the sea mine
and obstacle beltlf the ATF cannot find gas or weak coverage in the obstacles, they will apply
concentrated force at a designated point to rupture the defense and creatéJaitgaeducing
obstacles mark the lane and report the obstacle type, location, and lane locations to higher
headquartexr Details of lanes are handed over to folomw forces that further reduce or clear
the obstacles, if requiredNATO, 2010) Figurel4 demonstrates the time when the MCM force
has successfully reduced the mine obstacle and has created a breach for the amphibious force to
transit through.

Figurel4. Reduction of Obstacle

Drawing is to demonstrate a naval force breaching and reducing the mine obstacle to allow the naval force to pass.

3. Analysis of Capability Gaps

In order to understand and appreciate the capability gapsufoentMCM operatiors
suppating an amphibious forgea comparisonanalysis was conducted evaluatipgevious
amphibious landingwith currentand epected future US Naval assets. Even though there are
more recent historical examples of amphibious operations, the WWII invasionaafaléanal
was chosen for comparison to a hypothetical invasion WtR GD\V DQG IXWXUH QDYDC
following reasons:

1. Guadatanal was the first invasion for the United States during WWII. This created a
situation in which the US tested its newtrchnology and tactics for conducting
amphibious operations against an enemy with a coastal defense. The application of new
technology and tactics is still relevant to amphibious force landings today.
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2. Two crucial battles had taken place before Guadal¢cdhe Battle of Coral Sea and the
Battle of Midway. This made the US and Japan on parity for Air and Naval operations.
The US did not hold air superiority, nor did its naval forces have a superior advantage
over Japan. This would be the case todayef US would experience a conflict with
China or Russia and it needed to perform an amphibious operation.

The full comparisoranalysis is contained in Appendix CThe following capability gaps
were found through the comparison analysis and current mectri

a. OTH Capability

The use ofAnti-Ship Cruise Missiles (ASCM)y a defensive forceecessitates sufficient
standoff distance by the invading force in order to avoid and counter the ASCM thiteat.
presence of ACMs drives the requirement for the ATFdpeate from OTH OTH is a difficult
term to define as the definition of the appropriate OTH distance from the objective \ies.
Publication 302 Amphibious Operations stataV K &/@¢the-horizon amphibious operation is
an amphibious operation ktWLDWHG IURP EH\RQG YLVXDO DQ@EPBDGDU UL
02, 2009) This is normally at the horizon which is approximately 22 to 25 miles at sea.
However, it is suggested that the ATF that contains MCM assé&tdlynoperate no closer than
50 nm from the objective in order to provide a large margin of time to react to launched ASCMs.
Additionally, other analysts have said that amphibious assaults will be launched from OTH at 25
to 50 miles at seé€Committee on Naval Expeditionary Logistics, 19990)his further justifies
that current and future MCM system should have the ability to be deployed and launched from
distances greater than 50 nm in order to meet the highest requirement.

b. MMS and need for Unmanned Vehicles

MCM Operationsrom distances greater than 66h creates othegaps inMCM system
performance. It drives the need for unmanned vehicles to repkhee divers and MMSo
perform MCM operations fothe amphibious érce. According to stakeholder inquires, the
MCM operations must be done within a 48 to 72 hour time frame before the arrival of the main
Task Force (TF). This drives a requirement for a capability of sustained covert MCM operations
to be done at distances gerathan 50 nm fnm the C2ships. Even though MMS can be inserted
covertly, the sustaining covert operations atatises greater than 50 nm from §lfips starts to
exceed marine mammal limits, and can be considered a deficiency in the capability mm perfo
the mission.

c. Communication Gap with Unmanned Vehicles

MCM operations from distances greater than 50 nm creates a gap in the ability to
communicate with remote vehicles. The MCM system will have a need for a secure, adaptable,
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and robust communicatigystem. Taking into consideration that many communication systems
areline-of-sight (LOS) systems, CIICM ships operating at distances 50 nm or more from the
objective will be unable to communicate with dist remote vehicles. The MCM Ghips will

requre another method to communicate with the unmanned vehicles, and possibly use multiple
communication methods and connections to respond to failures or dropped connections to
maintain communication when transiting through and about the operation area.

d. System Manning Gaps

In addition to the system need for adapting to communication mtusg are other
circumstances that create the need for a capakldlibperate autonomously. réRenly, MCM
personnel are estimated to number 690 personnel from adnid for MCM Sea and Air
support. This estimate is based on the fact that it takes 6 sffioer 75 enlisted to operate an
MCM ship. If 25% of the crew is used to run the ship and the other part is used to run the MCM
systems; then it requires 60 pamsel for the MCM assetsTaskForce76 (TF 76)is a forward
deployed Pacific force consisting of Amphibious Squadron 11 aiine Countermeasure
Squadron TF 76 is composed of 4 MCM ships, whigdguates to 450 MCM personnel to
support a given missiofifask Force 76 Webmaster, 2011)

The Navystared retiringMCM classships in 2008planningto have theimissionfully
taken over by the LCS in 201fMunoz, 2011)when all MCM class ships havbeen
decommissioned The LCS will have only 35 additional berthing accommodations for mission
kit peronnel(O'Rourke, 2011) If each LCS shown iifable42 (Appendix C) was dedicated to
MCM operation, this equates to 140 berthing spaces available. However, it is not reasonable to
assume that all four LCS are dedicated to MCM. It should beressthat one of the LCS will
be dedicated to Antbubmarine Warfare (ASW) to protect the landing force. Therefore, the total
berthing dedicated to MCM will be about 105. A future Bl AMCM detachment (DET) will
consist of 23 personnel. If two AMCM DETase attached to the LCSs then there will be a
requirement to provide berthing for 46 pensdn This leaves roonfior 59 personnéto support
the surface MCM operation as compared to the 450 for present day missions.

In a meeting discussing remote pddtaircraft (RPA), the chief scientist for the US Air
JRUFH 'U ODUN OD\EXU\ VDLG WKDW WKH 31XPEHU PDQQ
manningR XU X QP D Q QH @&y V2ORLY BrvVMaybury showed RPAs need just as
many, and sometimes more personnel to operate than piloted vehicles. The Air Force and Army
recognize that the answer to reducing the number of required personnel anddpedifeost of
remote piloted vehicles (RPV) is the creation of autonomouslyatpgrunmanned vehicles.

The Navy is currently creating ships with lower personnel capacity, but that creates gaps in the
ability to command and control remotely piloted vehicles. The reduction in future manning
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requires MCM vehicles to operate with awony so that the manning requirement is reduced.
The MCM vehicle needs not only the capability to operate in a fully autonomous mode, but in a
semiautonomous mode to provide missid@pendent options and redundancy of control.

Understanding how to savcurrent and future manning constraints starts with defining
current manning expected for MCM systems, especially in the case of the MK 18 Mod 1 UUV
systems. This has proven to be difficult to define since on station manning depends on the
experience ang@roficiency of the current trained operators and the size of the mission. At this
point, assumptions have been determined based from stakeholder information that typically, the
mission will consist at a minimum of 7 personnel: two UUV operators thatldnagstem launch
andrecovery and operations, ogealified small boat operatpand twoPost Mission Analysis
(PMA) personneld reviewthe collected and processed data. The number of personnel required
for the mission expands respect to the size dfie mission area increasing. This would then
requireadditionalUUVs, UUV operators and PMA personnel, especially if additional vehicles
are required to be launchedth more complex sensors thate expected to produce large
amount of imagery data to beviewed.

e. Unmanned Vehicle with OrBoard Processing Gap

Many present day MCM unmanned vehicles need to be recovered to download
information so that human post mmsianalysis (PMA) can be performed on todlected data.
Stakeholders have indicatédat PMA is erromprone, produces false positiveend is a very
lengthy process. This alone drives guieement for the MCM vehicléo have the ability to
performits own processing with reliable autargetrecognition (ATR) functions. However,
with the requirement for the MCMystemto operate further than 5tin from theCz ships,the
MCM vehicles will not be able to transition baakdforth between the C2 ships and the AO
without taking up precious mission time and resources. This creates araggherbging able to
perform the MCM mission. fle MCM system must have the capability to performboard
processing and compress the information and conduct data transmit and receive effectively to the
ATF without delaying mission execution.

f.  Unmanned Véicle Deployment Gap

Covert MCM operations from distances greater thanns® also creas a need for the
MCM vehicleto be delivered covertly to the ACPresently there are no MCM systems being
developed that can be delivered via stealth at distancetegtban 50 nm. MCM vehicles
should be capable of being delivered deployed from subsurface, air, stealthy surface, or
ordinance delivered platforms. Additionally, since the distance between the AO and where the
C2 ships are located are so gretie MCM vehiclesneed a high degree of endurance to transit
and operate for long periods of tim&his is outside the ability of most MCM systems today.
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Future MCM vehicleswvill need the capabilityo be covertly and autonomoudbe refueled or
recharged tousstain their operation. They should be able to loiter and conserve energy while not
performing a mission or waiting to be recovered.

g. VSW Sensor Gap

As discussed earlier, the VSW region is difficult to operate in as it suffers from merging
Ekman boundaryalyers, transient stratification, buoyancy fluxes caused by changes in salinity of
the water, and various winds, waves, tides, and cur(blatsonal Academy Press, 20007 his
drives the need for MCM vehiclégbat operate in thevaterwith strong propulsion systemuith
precise and robust navigation and sensor systems. Currently there are Riooweesystems
that can operate effectively in all environmental conditions in this region today. The ability to
design systems to derm in the diverse VSW environment still remains a gap in the ability to
perform MCM for an amphibious force.

The diverse quality of the VSW region makes it impossible to use just one sensor to
detect, locate, and classify mines. Waves and winds camgehine optical and acoustic
properties of water columns due to circulation caused by the influence of local coastal
topography(National Academy Press, 2000).ocal weather can cause conditions that produce
muddy, outflows of \ater from nearby rivers and estuaries. The fluid dynamics can quickly
cover and uncover mines by shifting the sea floor. Euphotic zones, caused by organic and
inorganic materials dissolved or suspended in the water, will degrade optics and lasers. The
sound reverberation backgrounds, low sigimahoise environments and high cluttered acoustic
backgrounds will degrade acoussensorgNational Academy Press, 2000)astly the dumping
of metal clutter, shipwrecks, and fishingsses will produce false positives with magnetic
detectors.

Most MCM systems are single sensor systems which do not collaborate with other
systems. This creates a gap in the ability to perform effective MCM operations in the VSW area
with unmanned systems. The MCM system must haveadpability to fuse informatn from
multiple sensorand process it to detect, locate and classify mines.

h. Neutralization Gap

Lastly, there are no unmanned MCM systems that effectively perform neutralization
(disable a minein the VSW area. There are no systems being devekbpédan be deployed
from OTH and can be used to covertly neutralize mines. This creates another gap in our ability
to perform amphibious assaults against a hostile force with ataading defense. There is a
need to develop a neutralization systemt thill either neutralize the mine covertly or neutralize
it on command.
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D. STAKEHOLDER ANALYSIS

A stakeholder analysisvas conductedo identify stakeholder needs, requirements,
saenarios,modelingmetrics and parameterand input for system benefits, coahd tradeoff
analyss. Questionsposed to stakeholders in the analysisre derived from resezh and
stakeholder documents pertaininghie problem statement

1. Objectives

The objective of the stakeholder analysssto identify applicable stakeholdergather
background details about MCMand develop a summary of their dee Research was
conducted utilizinghe stakeholder$ R Z/A@M documentatiorand public MCM literature to
find answers and information, and tlarify specific questionselating tothe problem at hand
The processisedfor conducting thetakeholdemnalysis is showifrigure15.

2 @ / S:;;Tﬂayr 6. Develop
. . rou 4 irrhti
1. Identify 5 P External Weighting Scale
Stakeholders i) -
Stakeholders Primary
Secondary o
Extema Weights-
Basic Research
5. |dentify
Requirements/ Need for Scale
Needs
3. Develop Select Questions
Questions based on Category Process

Answers

Threat Analysis
Functional
Capabilities Analysis ) 4. Gather Analysis
. Send Questions Stakeholder Answers 7. Analyze Inputs
Answers & Views Requirements
Modeling &
——Feedback on Questions Simulation

Figurel5. Stakeholder Analysis Process

Stakeholder Analysis Process used in elicitation of input from stakeholders and translation of input to requirements.

The stakeholderanalysis consisted ofperforming seven different activities Identify
Stakeholders, Group/Categorize Stakeholders, Develop Questions, Gather Stakeholder Answers
& Views, Develop Weighting Scale, Develop Process to Identify Requirements/Nesdls,
Analyze Inputs. Further descriptions of these activities are detaléallows
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a)

b)

d)

The first activity Identify Stakeholderconducted an analysis of resources used to date in
order to identify stakeholders. This activity served as an inpuotmluting basic
research During this activity, contact with stakeholders was initialized by requesting
them to communicate with our group about MCM. The output of this activity was a list
of potential stakeholders.
The second activity Group/Categorize Stakelders grouped and categorizg the
stakeholders o three groups: Primary, Secondary, and External.
a. Primary Stakeholder consisted ofstakeholdes who are held responsible for
success or failure dhesystem
b. Secondary Stakeholderconsisted oftakeholderghat hada large stake in the
system and htha high profilebut were not directly held responsible for success or
failure of the system.
c. External Stakeholds consisted o$takeholdershat wereaffected by the system
but hal very little if any input or involvement itmplementing thesolution.

During this activity the stakeholders were evaluated for the relevancy to the project. If
the identified stakeholders did not fall into one of these groups they were deleted. The
output of this activy was three stakeholder groups.

The third activity Develop Questionsdrafted potential questions to discuss with

stakeholders based on the capstone project problem statement. Questions were generated

from the external activitiesf the kasicresearchthe treatanalysis, andhe capabilities
analysis coupled with initialfeedback from stakeholdenteraction Questions were
selected and categorized for individual stakeholders based on the output of acthty 2
relevant grouping ocategorizatiorof stakeholders The output of this activity was a set

of questios thatweree-mailed orpersonallydiscussed with stakeholders.

The faurth activity, Gather Stakeholder Answers & Viewgatheed and soréd the
resulting answers and opinions fromatakeholdersfrom the third activity, Develop
Questions The stakeholdeanswersvereassessed to determine if a process needed to be
developed to identify and discrimindietweenrconflicting viewpoints The output othe
Gather Stakeholder Answers \iews activity resulted in a master list of respongesn

the stakeholders.

The fifth activity, Identify Requirements dieeds develogda process for deonflicting
differentviewpointsfrom the stakeholdersThis process was used to filtersponsesnd

to identify and prioritize requirements and needs. e Tdentify Requirements/Needs
activity took the outputs of activity 2Group/Categorize Stakeholdeesd activity 6,
Develop Weighting Scalep develop a process for evaluating answere Identiy
Requirements/Needs activityas triggered by the responses of the answers gathered
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f)

9)

from the stakeholdersdtivity 4). If the answers did not warrant a formal process, this
activity was skipped.

The sixth activity Develop Weighting Scalelevelopeda weighting scale based ome
category of stakeholders. The weighted scale allowed the stakeholders that are most
closely related to the problem to have precedence in the denisiking process. This
activity was triggered byhe output of etivity 5, Identify Requirements/Needdf there

was a need to develop a formal process to evaluate the answers, this activity created
stakeholder weights.

The last activity Analyze Inputs took the stakeholder answers from activity 4
Stakeholder Answers & Viewsnd translated them into requirements, capabilities, and
scenarios for modeling. This translation was accomplished by intuitive analysis of the
answers or via the filter created by activityl&entify Requirements/NeedsThe output

of this activity was fed into the external activitiesof modeling requirements
developmentandthe @pability analysis.
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2. Stakeholder Identification

Table5 contains the list of stakeholder organizations tiateidentifiedin this Capstone

Project. Personnel identified in the list are representativit®e gtakeholder organization.
Table5. Stakeholdersist

Stakeholder organizations identified to have an interest in Next Generation Mine Countermeasures in the VSW zone

in support of Amphibious Landing$?ersonnel identified in the list are representatives of the sillezh

organization.

Stakeholders

Organization
Code Organization Title Person Primary | Secondary| External
PMS 403 Remote Mine hunting Systems

Program Office Mr. Steven Lose | X
PMS 408 Explosive Ordnance Disposal

(EOD) and Counter Radio

Controlledimprovised

Explosive Device Electronic

Warfare (CREW) Program

Office Mr. Matt Zalesak X
PMS 420 Littoral Combat Ship (LSC)

Mission Modules Program Mr. George B

Office Saroch X
PMS 495 Mine Warfare Systems Mr. Andrew

Program Office Fuller X
PMA-299 H-60 Program Office Mr. Danny Sinisi X
ﬁgg\lev : _ LCDR Brian

Mine Warfare Branch Amador X
NSWG-PCD

NSWC Panama City Division | Mr. Aamir

Mine Warfare Systems Branclt Qaiyumi X
OPNAV- CDR Shelby
N88 Director, Air Warfare Division | Mounts X
OPNAV- Aviation Plans and
N880 Requirements X
PMS 340 Navy Special Warfare Progran

Office X
USMC-
CmdEng USMC Combat Engineering | Capt Peter Moon X
NMAWC Naval Mine and Anti Mr. Marvin

Submarine Command Heinze X
EODMU 1 LCDR John

Schiller Executive

Explosive Ordnance Disposal | Officer EODMU

Mobile Unit 1 1 X
EODMU1 Mr. Matt

ITT Tech Rep Clements X
EODMUL | |TT Tech Rep Mr. Bob Stitt X
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3. Stakeholder Interviews

Appendix Blists the questionghat were developed fromstakeholder research atite
answers that provided input into thedat andcapabilities analyses. Stakeholder questions were
directed at the relevastakeholderas indicatedwith the resultant response or A@sponses.

The questions varied in topics from the stakeholfl@esspective of current system performance

to asking stakeholders to identify current MCM capability constraints. When stakeholders were
asked to address if current systems today are capable of rgrtbei man/MMS from the mine

field, it was an unanimous agreement that current systems are not providing this capability and
are still requiring nearby support.

When stakeholders were asked to address current operational constraints imposed in
current MCM operations and systems, the stakeholders all gave differerall batid concerns.
One stakeholder indicated that the diversity of the VSW environment and our ability to develop
technology to perform in all situations was a constraint for conductpegations. Another
stakeholder identified that large current system footprints are a major constraint and are limiting
MCM deployment capabilities. An additional constraint came from a stakeholder who voiced
that current doctrinal restrictions of iddrdation and classification by a human (diver) and
confirmed to be officially classified and also before neutralization can eae@amething that
potentially inhibiting the advancement of technology solutions

Not all questions were able to be answleve were answered in general terms in order to
avoid discussions into classified are&gme questions related pdatform interoperabilitywith
the LCSor future MCM platforms were not answereds well asquestions related to current
amphibious lane elarance marking methodsSome of the vague answers were related to
guestions about future manning expectatioith responseshat were very short and limited.
Stakeholders did indicate what questions they currently dichage answearfor varied from
guestions related to future manning concerns and various future operational considerations

4, Stakeholder Analysis Summary Findings

At the conclusion of the stakeholder analydig, humbeone insight discoveredasthe
apparent disconnect between the MCMommunity and the Marine/Navy Amphibious
Operationsstrategigplanning activities.

Additional key pointsfrom thestakeholder analysis are:

a) As the MCM1 decommissioning process is being executedrépéacement surface
based MCMsystems will need to beoused and stored on the new Littoral Combat Ships
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b)

d)

9)

(LCS) or other amphibious ships. There seems to be a lack of coordination in defining
shipboard manning and footprint requirements for the MCM equipment and personnel.
The most effective system for gi@rming MCM in the VSW region is the Marine
Mammal System (MMS). However, their footprint is extremely lag@msuming the
majority of amphibious ship well deck. This is precious space that would normally be
dedicated to Marine Corps persghand eqybment.

The Marine Corps requires that MCM must provide the capability to clear a minimum of
12 boat lanes to land 2 Marine Expeditionary Brigades (MEB®9,000 Marines and
Sailors(Trickey, February 2010)The requirement is for the lanes to be cleared covertly
within the objective of 72 hours. There appears to be a lack of planning for the number
of assets required by the MCM force to facilitate the clearance of those lanes or a
timeline for conducting clrance operationsThe MCM community does natccurately
address the amount of time it will take to collect the data, recover theatat perform

the clearance supporting amphibioudorce.

All Unmanned Underwater Vehicles (UUVs) require a launchraodvery platform that

is typically a small craft that remains close to the minefield. At this point, UUVs support
removing the diver from conducting clearance operations but it does not support
stakeholderequirements of removing tmean from the mineéld.

All the systems being developed presently to replace the MMS require post mission
analysis (PMA) to be performedvlan/Mammal replacement system® increasing the

DTE timeline because there is not currently an efficient way to gathetimeadatafrom

the UUV platform.

PMA currently involves humans manually reviewing several hours of sonar data which is
time consuming and error prone due to human fatigue.

All the systems currently under development are tested and operated with the assumption
thatthe environment is permissive. This is an unrealigkpectation in performing an
amphibious operation, and it should be assumed that operations will be in non
permissive, hostile environments. MCM systems need to be designed to counter anti
landing deénses. Antianding doctrine focuses on the development of four layered
barriers and the particular area that the MCM community should be concerned with is the
engineeringbarriers. Doctrineemphasizeghat the engineeringbarrier will be over
watched byland based artillery, alefensesystems and crew served weapg¢iB 302,

2009) The enemy threat intends to deny freedom of movement to conduct MCM
operations. The MCM scenarios for the development of MCM systems eeaaund a

port defense or clearing al@ne. It should be expected that #greemywho has planted
mines for an antianding defense will have an over watch that will engage the MCM
force upon detection with direct and indirect fire.
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h) Systems being developed do not fully address @hweHorizon (OTH) amphibious

)

k)

operations. An assumption made for this analysis is that the MCM community is
focusing on getting initial concepts and technology to work in the challenging VSW
environment, ather than focusing on the need for clandestine MCM operations needed to
support OTH capabilities.

MCM clearance execution is not consistent with training executlartraining, divers

and MMS train to complete full DTE operations. In execution of weald events, the
mission is often cut short and a full DTE is not always complete. An assumption made
for this finding is that due to the timeline restrictions, the execution of neutralization is
very rarely performed.

In the MCM systems in use todagdaunder development for the future, there is limited
UUV neutralization capability.From informal discussions witAMS 408 (EOD)it was
indicated thatonly recently developmentof a UUV mine neutralization systemthe
EUNS (Expendable UUV NeutralizatioSystem) has begn with notional concept
development. The lack of neutralization assets creates a situation in which MCM and
amphibious forces must perform a mark and avoid maneuver. However, mowas
indicated fromthe researchabout how mines will be marked or their locations
communicated to Barine Corps force performing OTH amphibious operations.

In technology demonstrationshere are usually several different UU\empleting
separate missions. Each technology team runs portions of the npssiiteand limited

time is focused on running them together as a complete DTE sequence. MCM has not
fully analyzed how these assets will be coordinated or controlled as an MCM SoS in
support of Marine Corps amphibious operagion

5. Stakeholder Analysis Cormlusion

From thestakeholder feedback received, it was clear that there are no current or emerging

solutiors that can accomplish the full DTE missiohe lack of responsfom a number of
critical stakeholderdimitation on some information due to contelassification, and conflicting
responses as indicated ipgendix Bprompted an iformal analysis of responsdstailed in the
previous section This informal analysis of the informatiomeceived seems to reveal an
emerging disconnect between the Mir@ountermeasure (MCM) community and the
Marine/Navy Amphibious Operations planning elements.

This disconnect could be caused by a number of reasOng. assumption made from

this analysis is that MCM architecture should be considered a system of system (SoS). It is
composed of several systems consisting of ships such as the Littoral Combat System (LCS),
helicopters such as MEOS and MH53E, divers,Marine Mammals Systems (MMS), Light
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Detection and Ranging (LIDAR) systems, air and sea acoustic and magnetic systems, recording
and post mission analysis systems, detiveredand air delivered neutralization systemis
addition to the multiplstakehadlers andsystems involveih thetriad of MCM clearanceMCM
architecture shoultbe consideredrom a SoS approach due to the complexity and diversity of
the VSW environment.lt is recommended as a potential solutiorusemultiple vehicles that
individually conduct smaller portions of the DTE sequen€his approach is also recommended
that the SoS takes into consideratfah collaborationthroughout the missioto conduct MCM
operationsn order toensure thasystenrequirements anduhctiors are met.

On future amphibious ships and LCS platforms, there will be limretsportspaceand
available berthindor support grsonné The systemsurrentlybeing developedpan anumber
of different organizationand contractorthat do not seenotknow how they are affected by the
other organizatios with similar missionsor what requirements are levied on them from other
organizatiors fecisions. Theseorganizations referenced Appendix B,

Table 5 are focusedn their own development arthve notcommunicatd with each
other sufficientlyto meet the needs of the Navy/Marine Corps custordehypothesis is that
there is a need for a Lead System Architect for the overall MCM SoS. Howlesegsults of
this stakeholder analysis did not gigaough supporting evidence from critical stakeholders to
confirm or deny this hypothesis.

Future gstems will be able to conduct port defensalaneprotection and clearance in a
permissive environment. However, the systems that are currently fielded or being developed
have sevee limitations in supporting a marinemghibious operation against antnvasion
defense. If thesdisconnects are not correctedanmne amphibiousoperations will be severely
handicapped.

The disconnection seems to be with the MCM community concentrating on developing
systems thatequire platforms to have freedom of labpaecovery, and operation without
considering entry and operation in denied access afdas.presentations and training of these
systems appear to assume the MCM unit has freedom of movement and the ability to operate
from land. This will not be the sa when performing amphibious landings against a threat that
has an antinvasion defense
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.  SYSTEM DEFINITION

A. IMPORTANT NEXT GENER ATION CAPABILITIES

Based on the analysis of gaps in existing and planned systems against current threats,
operational considerations, and the results of the stakeholder analysis, the following are the most
important capabilities that are needed for the Next Generation Minat€measures for the
VSW Zone in Support of Amphibious Operations:

1. Covert Activities

The MCM systemneed the capability of performing MCM operations covertly by
maintaining a minimum visual, radar, magnetic, and acoustic signature to support the
amphibious advance party activitie€overt operation will result in relaxing the need to provide
suppression fe in the obscuration activity of the MCM breakthrough phase. If MCM can be
conducted without detection, the opposing force will not react hostilely and expose forces to
unnecessary risk.

2. RealTime Information

The MCM system needs the capability to provide Marine amphibious forces with real
time information of mines and mine field locations, cleared and marked boat lanes, location of
barriers, and outside disturbances and to allow the Amphibious Force to gapsitn enemy
defense or avoid mine obstacles. This will give the Marine amphibious force the ability to
employ ShipTo-Objective Movement (STOM) to outflank or envelop an adversary, secure the
vulnerable flanks of other friendly forces, or to removeallaard threats to the maritime domain
(Marine Corps Development Command, 2011)

7KH 0&0 VA\VWHPYfV VSHHG GXULQJ WpKlids rdR Qny XoFtié R1 WK
speed at which MCM platforms can cover a threat dretalso b the speed of data exchange,
processing and fusion of information to give the Marine Amphibious force as significant
advantagéBachkosky, et al., 2000)

3. Rapid Clearance of Mines

The MCM systemneeds the ability to rapidly ce multiple boat lanes taallow the
Marine Corps the ability to exploit flexibility, speeahd maneuver across domains.

4, Detection of Marked Mines

The MCM system needs the capability ®&ffectivdy bottom map, assess the
environment, detect, identify miaefrom noamine bottom objects (NOMOs), classify mine
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types, and markndmap mine locations with a high degree of certainty in the VSW to the beach
exit to enable maneuver forces to avoid or bypass nfBeshkosky, et al., 2000

5. Over-the-Horizon Deployment

The MCM assets must have the capability of being deployed @adid (50 nautical
miles or greater).As discussecarlier, this gives the amphibious force tbapability to offset
WKH HQHP\YV DELOLW\h&/apWiiousifertE witlcGasthHiBfensesw R W

6. Autonomous Operations

The MCM systemneeds the capability to perform autonomous collaborative operations
to reduce the manpower footprint to conduct MCM operations.

Autonomous vehicles are needed so that ttegy operate with future reduced manning
requirements. RGD\TV LWHUDWLRQ RI XQPDQQHG V\VWHPV LQYR
interaction. DoD must continue to pursue technologies and policies that introduce a higher
degree of autonomin orderto reduce lte manpower burden and reliance on-futie high
speed communications links while also reducing decision loop cycle(timaanned Systems
Integrated Roadmap FY202D36, 2011)

For unmanned systems to fully realize theitegmbial, they must be able to achieve a
highly autonomous state of behavior and be able to interact with their surroundiings.
advancement will require an ability understand and adapt to #revironment, anthe ability to
collaborate with other aohomous systems, along with the development of new verification and
validation (V&V) techniques to prove the new technology does what it should.

Efficiencies can be gained by automating the tasking, processing, exploitation, and
distribution (TPED) of dat collected by unmanned systenfsutonomy can help extend vehicle
endurance by intelligently responding to the surrounding environmental conditions (e.g., exploit
andavoid currents) and appropriately managing onboard sensors and processing (e.d., turn of
sensors when not needed).

7. Precise Navigation

The MCM systemneeds the capability for precise navigatiavhich allows for a
common tactical picture and provides for safe navigation, mine avoidance, and reacquisition if
necessary for neutralization purpas
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8. Sufficient Power and Propulsion Capabilities

The MCM systemneeds the capability that gives power of sufficient capacity to support
propulsion and combat systems (sensors, onboard computer, communications, and neutralization
systems

The rapid develpment and deployment of unmanned systems has resulted in a
corresponding increased demand for more efficient and logistically supportable sofirces
propulsion and power. In addition to improving system effectiveness, these improvements have
the potentiato significantly reduce lifeycle costs.

9. Robustness and Durability

The MCM system needs to be robust and durable in ordgyetéorm reliably in a
hazardous environment

10. Reduced Footprint

The MCM systemneeds the capalii that gives it a vehicléootprint reduced to the
degree that technology can allow to facilitate handling and flexibility with respect to
transportation and deployment.

The stakeholder analysis documented that mammal systems can taka balftof a
well deck of an amphibious ship. Withe retirement of the MCM shipsnd reduced capacity
in ship typesthe physical footprint of MCM equipemt must be reduced to allather mission
essential equipmemd be onboardo protect the amphibious force.

11. Easy Launchand Recovery

The MCM systemneeds the capabilityf a rapid launch and recoverfhe manmachine
interface must be designed to allow the MOMF to quickly put the MCMsysteminto
operation in order to redutiee DTEtime frame.

12.  Training

The MCM systemmust be designed for training capabiktihat can be assessed against
joint training requirements. Such a strategy will improve basing decisions, training
standardization, and has the potential to promote common courses resulting in improweg tra
effectiveness and efficiency.
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13.  Interoperability

To achieve the full potential of unmanned systems, the M@8temmust be capable of
operating seamlessly across the domains of air, ground, and maritime and also operate
seamlessly with manned systems.

Robust implementation of interoperability tenets will contribute to this goal while also
offering the potential for significant lifeycle cost savings. System interoperability is critical in
achieving these objectives and requires the implementatiomaridated standards and
Interoperability Integrated Product Team-IRIT) profiles. Properly implemented,
interoperability can serve as a force multiplier, improve joint war fighting capabilities, decrease
integration timelines, simplify logistics, and redutotal ownership costs (TOC). One of the
most powerful tools in maximizing interoperability and achieving these objectives is the
adoption of the opn systems architecture concépinmanned Systems Integrated Roadmap
FY20112036, 2011)

14. Communications

Unmanned systems rely on communications @@ and dissemination of information.
The MCM systemdesign should beapableof addressing frequency and bandwidth availability,
link security, link ranges, and network infrastrueturto ensure availability for
operational/mission support of unmanned systeriihe MCM systemshould be capable of
transmitting and receiving command and control information underwater.

Planning and budgeting f&fnmanned Systemperations must take into account realistic
assessments of projectsdtellite communicatiodandwidth, and move toward onboard -pre
processing to pass only critical informationAdditional benefits are greatly reducing high
bandwidth communication needsdaglecreasing decision cycle time.

B. DESIGN REFERENCE MISSION

To assist with the development of system requirements acohtpare potential system
architectures that would improve effectiveness of mine countermeasures in relevant operational
situations a DRM was created The DRM takes into account current MCM and amphibious
landing doctrine in developing a realistic situation to test the viability of potential MCM system
architectures.
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1. DRM Objectives

OBJECTIVE 1. The overall objective for this DRM was to develop scesatio help
determine the feasibility of an MCM system supporting an amphibious operation within a
threshold of 72 hours and an objective time of 48 hours after deployment.

OBJECTIVE 2. Define area coverage rat@CR) in the VSW area for the following:

a. Detection ofmine field

b. Location and classification of mines

c. Mapping of mines/obstacles and gaps
d. Neutralization of selected mines

OBJECTIVE 3. Explore communication effectively between MCM system, Assault Force
(AF), and Amphibious Landing Force (LF) during the mission profile.

OBJECTIVE 4. Provide insights and suggestions for changes in tactics based on
information gathered from Objectives 1 through 4.

2. Concept of Operations

The MCM system is typically deployed by an AF arriving approximately 72 hours before
WKH PDLQ ERG\ RI W HKd¢ifion)is topErttiga)eiv pteparing for the main assault by
conducting such operations as MQNP 302, 2009) To support the amphibious operation,
there are three critical objectives the MCM force must accomplish as fptré @oncept of
employment: exploratory, reconnaissance, and breakthi@i®g815, 2011) Figurel16 shows a
concept for the activities of the deployment and operation of the MCM system in accordance
with Marine Corp doctrine For this project the system will be bounded to the activitieslired
in the DTE sequence.
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Figurel6. MCM System(s) Concept of Operation Activities

A concept for the activities of the deployment and operation of the igtem The activities that are bordered in
red indicate those actiidéts within the bounded system.

a. Pre Deployment Activity

During this activity the MCM system iprepared to be put into operation. The
following is a list of some of the stdxtivities:

1. The system(s) are unpacked and assembled.
2. Preventative Maintenance des are done on systems.
3. System(s) are fueled or charged.
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b. Deploy/Initiate Communication System

During this activity the communication system is either deployed or is initiated and
established to facilitate communications OTH.

c. Initiate MCM Control Station

The MCM system will include a control station that is onboard a host platform. It will
facilitate the command and control and collaboration for all the MCM operations and systems.
The MCM control station will be used to develop the plan for the operatidrwill be used to
create the mission parameters for the vehicles.

d. Initiate Vehicle(s)

Prior to this activity the vehicles are fueled or charged up. They are activated and loaded
with mission parameters. Their navigation systems are synchronizedheithost platform
navigation systems.

e. Communication with MCM Control

During this activity all communication links with MCM control and host command and
control is established All external communication links are checked and monitorddhis
communication link will either be maintained orestablished as necessary during the entire
search period. This communication will enable the controlling platform to control and direct the
vehicles in the AO.

f. Launch MCM Host Sygtem(s)

During this activity the MCM systemor the transport platfms that carry the MCM
system are launchedThe transport vehicles delivers the MCM vehicle quickly and covertly to
the deployment pointsThe AF will remain greater than $0m.from the AO during theearch
period

g. Transit to Drop Points
The MCM systenwill be carried by a transport vehicle to be deployed outside the area of
operation. The transport vehiclavill communicate with the MCM control station on departure
and when it deploys MCM vehicle§'he MCM systenwill be carried by a transport vehicle for
deployment either 20 miles or 10 miles away from the area of operation depending on the
mission requirements

h. Deploy MCM Vehicle(s)

During this activity the MCM system isleployed from the transporvehicle The
transport vehicle will communicate with MCM control for status of the deployment. The
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transport vehicle may or may not loiter at the deployment point during the period the MC
systemtransis to the area of operation.

i. Transit to Area of Opeation (AO)

During this activity the MCM systershall transit from the deployment points to the AO.
Upon succssful deployment, the MCM systehall establish communication with MCM
control and receive course and authorization to proceed.

J.  Communicate beteen MCMSystems

Upon launch, the MCM systeghall establish communication betwesety other MCM
systems in the operation areaepending upon the level of autonomy the communications will
vary. This could be as simple as identification information @oagplex as devering tasking
for the individual MCM system

k. Conduct Exploratory Search Activities
Upon arival at the AO the MCM vehiclewill do the following:

Alert MCM control upon arrival

Receive last minute guidance and proceed with mission

Configure search patterns between vehicle(s)

Conduct quick search for the presence of mines

Refuel and recharge if necessary (Note: This refers to in AO refueling as the tasking
platforms will be at a significant standoff distance.)

Report to MCM controltie hydrographic conditions of the water routes

7. Report to MCM control the presences of mines and obstacle(s)

a bk wpnPRE

o

Upon completion ofhis activity, the MCM systemsiay or may not continue on to the
next phase. Depending on the mission profile, they may lwoitdre area or conduct refueling
and recharging activities.

|. Conduct Reconnaissance Search Activities

During this activity, the MCM vehicle(s) receives further guidance of potential routes and
reconfigures their search patterns. They will perform the fatigw

Detect, locate, classify and map every mine and obstacle along routes
Determines mine density and gaps along routes

Refuel and recharge

Communicate with between vehicle(s)

Communicate map back to MCM control

a ks wdPRE

66



6. If necessary, communicates raw data badd@M control for processing

Upon completion of this activity, the MCM vehicle(s) may or may not continue on to the
next phase. They may loiter in the area or conduct refueling and recharging activities.

m. Conduct Breakthrough Activities

During this activitythe MCM vehicles receive further guidance on routes, littoral
penetration points and neutralization guidance of selected mines. The MCM vehicles will
proceed to do the following:

1. Reacquire and neutralize suspected mines
2. Communicate status between velscle
3. Communicate map and status back to MCM control

n. Communicate With MCM Control & LF

During this activity the MCM vehicles will communicate with the MCM host platform
control station. The MCM host platform will then communicate with the LF which will update
the status of their routes and activate markers for mines.

3. DRM Setup

The sea floor is described by both a category and by the clutter density. This will affect
how well sensors are able to accurately detect the various objects on or buried irfldoe.sea

Category A: Smooth sand with <10% case burial

Category B: Moderate sand with <10% case burial, or smooth sand witB%case
burial, or smoothmoderate mud/sand with &D%, or smooth rock with 0% case burial

Category C: rough sand with <10% cdsgrial, or rough mud/sand with D% case
burial, or moderate mud with Zl6% case burial, or moderat@ugh rock with 0% case
burial

Category D: > 75 % mine case bufiguller, 2011)
Clutter Density 1< 15 NOMBOSs per nf

Clutter Density 215 to 40 NOMBOSs per nfn

Clutter Density 3>40 NOMBOSs per ni(Fuller, 2011)

The bottom type that was used in the minefield 48. BThis means that the sea floor is
not completely smooth sand. It could bedwarately rough sand, or mud. It can also be used to
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describe the amount of burial a mine has. For example if a mine was in smooth sand buried up
to 20-75%, it would be just as hard to see as the same mine buried less than 10% in moderately
rough sand.The clutter density is based on non mine like bottom objects. This could be rocks,
or other objects that are not mine like. These objects can hide a mine or at least slow down the
search for the mines. In the minefields there will be between 15 an@®X¥BRs for every nrh

a. Mission 1

An amphibious assault has been planned agdh@ DUHD ZKHUH 3& RXQWU\ 2|
invaded and has built up a defenSéhe intent for the mission is to search an area in preparation
for an amphibious assault which will be itadk place in 3 days.

1. 6LQFH 3&RXQWU\ 2UDQJH" LV D K\SRWKHWLFDO DGYHUVD
currents is based on Guadalcanal in order to provide a starting point of reasahade
The test area consistefla grid 500 yards X 500 yas with sea floor depth starting at 10
IW DQG L QFUH p¥. LAQchBribfR.5 khott @& mulated. In this area of 500
yards by 500 yards, there wesendler areas where the depihcreasd or decreass
The changes in deptlwere no more than 5%. The axage bottom compositiowas
classified as B. In the test area themgere 150 mines total consisting of 105 bottom
mines with betweett0% and 75% burial. Thererealso45 moored minesAlongside
the mines therewvere 75 randan norrmine objects such amanmade debris and
environmental objects that could be detected as -ikaeobjects. The pattern of the
mines vas selected randomly and wased throughout all simulations of this mission to
provide a common benchnkar The poposed systems wejadged on percentage of
mines detected and the time the search would take to com@eatzessful completion
was based on when the systems finished the search pattern and classifying and
identifying the mindike objects detected.

2. After the search is complatethe proposed systeraseal the neutralization plan that was
developedo clear a path through the VSW zone.

3. The search timancluded any time required to replenish any consumables if required.

b. Mission 2

An amphibious assault h&gen planned against the same area as outlined in Mission 1,
ZKHUH B3&RXQWU\ 2UDQJH" KDV LQYDGH GsWGMiksbv 1EXLOW
Guadalcanal was used as a template to determine reasonable values. The intent for the mission is
to clear an aa in preparations for an amphibious assault which will be occurring once the path
is clear. Preliminaryeconnaissancky other systemhbas indicated the chosen aredhis best
path to bring the assault force to shore. Although a path had been ctharegposition has
been able to rdeploy mines into the area.
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1. The test area consistefla grid 500 yards X 500 yards with sea floor depth starting at 10
IW DQG LQFUHDVLQJ DW D U VO R ldcros$ tieXdstlare® WasR |
simulated. In this area there wemamadler areas where the depiticreasd or decreass
These changes in depth weare more than 5%. The aerage bottom composition was
classified as B. In the tesarea there werg0 mines consisting of 40 bottom mines with
between 10%and 75% burial. There were al$6 moored minesAlongside the mines
there were75 randomnonmine objectssuch as mamade debris and environmental
objects that could be detected as rfike objects The mines were laid in 5 ngparallel
linescoveing the test area. Theame pattern wassed throughout all simulations of this
mission to provide a common benchinar The proposed systems weedged on
percentage of mines detected and the time the search wouldotal@nplete. The
systems wre asked talassify, identify, and neutralize the mines.

2. The search timancluded any time required to replenish any consumables if required.

c. Replenishment
An amount of time waadded if the gstem wa unable to complete the mission without
replenishmento simulate the act of #mission range extension. Replenishment is for any fuel,
energy source, or other materials that are required to allow the system to continue mine hunting
and neutralization activities.

C. REQUIREMENTS

Following the development of ¢-DRM, requirements were developed to successfully
perform theoutlinedmissiors and bridge the capability gap.

1. Requirements for the MCM System

The following are the most importamequirements the MCMpystemshould be able to
perform to in order to meehé capabilities and fill the ga as identified earlierThe parenthesis
IROORZLQJ HDFK UHTXLUHPHQW GHQRWH WKH REMHFWLYH
to the requirementThe following MCM system would include the MCM control stationsclh
monitors and controls the MCM operation, the MCM vehicle and the MCM communication
system.

1. (REQ 1.0):The MCM systemthat includes the vehicle and launch platfainall perform
its MCM missions as clandestine operatioiitis requirement is furtherfiaed by:
a. The MCM system shall have 3% probability of not being detected with 90%
confidence level by visual/IR sensors from the shore while performing search,
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detect, classifyand mark in the VSW area during daylight hours and during times
of high andow visibility.

b. The MCM systemshall have a 80% (T)95% (O) probability of not being
detectedoy radarwith 90% confidence level by shore based radar systems while
performing search, detect, classidéyd mark in the VSW area.

c. The MCM systemmagnetic signature shall have9@b probability of not being
detected with 90% confidence level while performing search, detect, classify
mark in the VSW area.

d. The MCM systemacoustic signature shall have9@% probability of not being
detected wittD0% confidence level while performing search, detect, clasamy
mark in the VSW area.

The rationale for these requirements came friie 2000 NRAC documenentitled
38QPDQQHG 9HKLFOHV 89 LQ owmavd ResexrchWAdiseH DV X U H
Committee, 2000) The documentites the need for UV to cdnct clandestine MCM
operations andhdicates that in order for the UV to conduct MCM operatiginshould

have the capability of maintaining minimum radar, magnetic, andsticosignatures
(Bachkosky, et al., 2000)This cohort developed probability percentages based on sound
engineeringijudgment. Current systems are concentrating on the atwlijetect and
classify mines andhot focusing on erforming covert operations. Therefore baseline
probability numbers were not available from specifications or reports that this Cohort
could use to develop these requirements. We recommend further research to create
adequate baseline requirememased a specific mission needs

. (REQ 2.0):The MCM systemshall have precise navigation which allows for a common
tactical picture and provides for safe navigation, mine avoidance, and reacquisition if
necessary for neutralization purposes.

This requirementsi further refined by the following vehicle requirements:

a. The MCM systenshall have onboard navigations systems that maintain accuracy
of navigation to +/ 1 meter over a 48 hour operation period without receiving
corrections from a ship or boat.

b. The MCM systemshall maintain navigation accuracy of- 4/ meter over a 48
hour period of operation in Sea State 4.

c. The MCM systemmavigation accuracy shall maintain stable and accurate platform
navigation accounting for environment (i.e. current, crosswinds,pagskure)
0.01% of distanc€O), 0.1% of distance€T)
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d. The MCM systenshall be to navigate either in autonomous or override for man
in-the-loop operation MOTL/Auto (O), Auto (T)

e. The MCM systenshall create navigation velocity information originating from
navigational sensors (e.g. dead reckoning, INS, acouBtppler velocity
sonar/log (DVS/DVL), geophysical, ultshort baseline/long baseline)
geophysical, ultrahort baseline/long baseline) for live feedback for guidance
0.01% velocity errofO), 0.1% velocity erroi(T)

f. The MCM systemshall haveobstacle avoidance abilities to evade objects in
environment all foreign objects within FO\(O), foreign objects 1ft within
FOV (T)

g. The MCM system shall collect, store, process, and report navigatiota
information (e.g. bathymetric, position, attitude, heading, and bearing) through
thenetwork provide all track info (100%94)O), provide vital track info (95%) (T)

The rationale for these requirement come from fact the system musifeotive to
locate, mark, and mapmines and mine like objects. oTcompletethe overall system
requirements the system needs to be able to precisely navigate to theA@ivaind
through the given area of interesk the system can maintain an accurate location to
within +/- 1 meter the obstacle or mine has a higher probability of being avoided or re
acquired for neutralization.

. (REQ 3.0):The MCM systenshall be capable of operatingautonomousnodes These
auonomous modes could Bailly Autonomous, Serrutonomous, Tel®peration, and
Remote Controas defined in the following requirements:

a. The MCM systemshall be able to transition tand from AO, establish
communication with other MCM assets, synchronizéhvother MCM assets,
establish search patterns with other MCM assets, initiate search, detect, map,
locate, identify and classify UXO andNon-Mine, Minelike Bottom Object
(NOMBO) without human intervention. This mode of operation is called Fully
Autonamous.

b. The MCM systemshall be capable of performing search patterns and
neutralization operations with permissions from husrabot interactions (HRI).

This mode of operation is called SeAutonomous

c. The MCM system,while operating in degded mode, shiabe capableof
providing video and sensory feedback to a manual operator and accept waypoint
guidance from HRI. This mode of operation is called -bgleration.

71



d. The MCM systemwhile operating in a sensor fault moddall be capable of
being continuou$y controlled via a radio link without providing video or sensory
feedback to the MCM control ship. This mode of operation is called Remote

Control.

e. The MCM systemshall be able to accept tasking frapredetermind MCM
platform.

f. The MCM systemshall beable to create and transmit tasking to other MCM
system

g. The MCM systemshall be able to receive and accept tasking feony other
MCM systemwith authority to control.

h. MCM systemshall be able tacollaboratewith other systemwithout human
operator interactiorto organize, and synchronize search patterns and search
techniques to detect, identify, and classify mines andmioes.

i. The MCM systemshall be capable of monitoring, reporting mission progress,
provide mission levelidections, coordinating missions, angkang one or more
MCM systems in @upervisor mode.

J. The MCM systemshall adapt to systems failures or operational conditions that
prevent it from continuing in its optimal mission profile and will react within the
confines of its capabilities. This adaptation is called an adaptive mission profile.

k. The MCM systemshall continue to perform the mission in a degdadede
unless commanded to do otherwise by the MCM command platform.

The rationad for this requirement io remove the man from the mission operating
environment and to reduce the rfaotprint for operating the system

. (REQ 4.0): The MCM systemshall have onboard processing capabilities to process
targets, create reports, and create collaboration schemasrforming MCM operations.
This requirement is further refined by:

a. The MCM system shall create target reports that contain, target ID number, target
location, time target was located, target type, tanget fuse information.

b. The MCM systemshall createstatus reports that indicate the system unique ID
and if the system is moving, searching, attacking, transiting, refueting
performinga Built in Test(BIT).

c. The MCM systemstatus reportdilure indicatios shall indicate one or more of
the following: All Subsystems Go, Navigation degraded, Navigation Fail, Sensor
System Degraded with Sensor System Tygmled, Sensor System Failed,
Onboard Processor Degraded, Onboard Power Systegradis, Propulsion or
Steering [@graded, Propulsion or Steering FailBgcording System Failed, and
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Communication System &graded Indications will provide the further ability to
investigateinto the underlying problem in order to determine if the mission is still
supportable given the failure.

The rationalefor this requirenent is tospecify the typs of reports the MCM system
should receive or send to effectively enable the overall MCM system to perform the
operation.

. (REQ 5.0):The MCM communication system shalhable real time processing of MCM
assets, mine contacts, g@pt autonomous operations and support amphibious forces with
situational awarenesd his requirement is further refined by:
a. The MCM systemshall respond to and receive commands and reports from
external systems to collaboratively conduct MCM missions
b. The MCM Control Systemshall communicate via neentric overarching
strategic and tactical networks.
c. The MCM communication systershall create and broadcastatus eports to
support MCM and amphibious operations.

Therationalefor this requirement ithatarealtime communications system must handle
mission critical information and performeakttime computations. The system must
enable the amphibiguforce to obtain information concernitige mission, enemy forces,
neutralor noncombatants, friendly faes, terrain and weathefm.he rationa¢ for MCM
Control System to have neéntric strategic and tactical networks stems from MCT 5.1.1
to (Provide and Maintain Communications) to all send and receive data that includes
verbal, electronic and written foats. Information can include plans, orders,
intelligence, weather, friendly troop/unit status, and location refaitsl, 20 Series, 3

0, 356 Series, 6 Series, MCDP 6, MCWHR@.2, 340.3, NDP §.

. (REQ 6.0):In order for the MCMsystemto perform MCM nissions, thesystemshall
demonstrate endurance regurents to perform MCM missiorfigr no less than 72 hours
without requiring it to be recaptured or deactivated to perform maintenance or
preventative maintenanc&his requirement is further refined by:

a. The sistained area coverage réve the MCM system shall not be less tlta083
n.m?/hr (T) and0.125n.m?hr (O) (assuming an area of 500 yards long by 26
nautical miles wide)

b. The MCM system shall be able to sustain 30 knot speed without need for
refueling in sea state 4 while transitioning from the distant retirement area to AO.

c. The MCM system shall have an endurance of 48 hours without requiring refueling
while conducting normal MCM operations.
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The rationalefor this requirement ishat the MCMsystemmustbe able to covea large

area to ensure it is able to map the best appr@ahfbr the amphibious landing. The

MCM systemmust be able to arrive at the area of interest in a timely fashiontiriée
needed by the MCM system to arrive atigeg location is directly related to the overall
mission time. For reference hte currenendurance requirement for a lightweight vehicle

is 20 hours. Paragraplt abovedefines the total search is between 17.4 and 34.8 miles.
Therefore, it was deemed reasonable that the vehicle should cover the average distance of
26n.m.

. (REQ 7.0):The MCM systemshall be designetb operate in the aiffor navigation
equipment to be working prior to an aerial drog)rfaceand subsurface environment in
support of worldwide amphibious operatiorisis envisioned that a MCMystemcan be
developed that can operate from air, surface or subsurface platform. Even tiheugh
systemmay notbe performingMCM functions it may be required to be powered so that
it can be programmed with last minute launch instructions or navigationicat@s or be
required to perform BIT. This requirement is further refined by:

a. The MCM systenshall be abléo be launched and operatesiea stat& (T), and
sea state of 4O).

b. The MCM systemshall be capable of operating in water temperatures frdta 28
(0°C) to 90F (3ZC).

c. The MCM system shall be capabte operating in demperatureange of-45°F (-
49°C) to 176F (80°C) (air temperaturegrotecta from direct sunlight) Rationale
for requirement: MIEHDBK-310 states high of 58C (136F) was recaied in
El Azziza Libya in Sept 1922. Additionally the lowest temperature recorded was
-68°C (-9C°F) in Verkhoyansk Russia 7 Feb 189%lobal Climate Data for
Developing Military Products, 1987)Operation of electronic equipment often
generates additional heat that can further degrade performance in such an area
without specialized cooling, making such extreme temperature requirements
necessary for deployment in all types of areas.

d. The MCM gstemshall withstanda thermal shock associated with exposurato
18°F per minute rate of temperature change, to temperature extremege°6f (-
28.9C) and109°F (43C) (airn).

e. The MCM systemshall becapable of operating.e., transit and maneuver, not
seach-classifymap) at water depths up (threshold) 300, and (objective) 900
Feet of Sea Water (FSW)Rationalefor requirement: The MK18 is specified to
operate at 300 FSWFournier, 2011)and the Hydrographic Multibeam
Replacenent Sonar is specified to operate down to 400 met@t2 fi. Even
though it is not envisioned that tegstemwill not search for mines at 900 FSW;
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it may be required to lie dormant in 900 feet of water. It is envisioned that a
systemcould be coverthgeeded in the Al and not be activate for use until needed.
Thesystemwould be required to operate to move after a time of lying dormant.

f. The MCM systemshall becapable ofoperaing (i.e., transit and maneuver, not
searchclassifymap) at the surfacaf the water.

g. The MCM systemshall becapable ofoperaing in a current less than or equal to
(threshold 5 kts, (objective 10kts flowing in any direction.

h. The MCM systemand all other components intended fomiater operations shall
be capable obperaing in water having a salinity leveip to (threshold)}45 parts
per thousand (ppt).

i. The MCM systemshallbe capable of operatingithin turbidity conditions up to
and including(threshold)66 mg/l (~ 8NephlometricTurbidity Units (NTU)) of
suspended padilate matter as measured by &ormazin calibrated optical
backscatter meter.

j. The MCM system shall be capable of being recovered.

The rationale fothis requirement ishat the MCMsystemmustbe ableto operate over
wide temperature, pressure and othed@ ¥LURQPHQWDO H[WUHPHV WR
worldwide service

8. (REQ 8.0):The MCM Systemshall be capable afpid deploymentrom aminimum of
50 nautical miles fromAO; where deployment is defined as the time needed to transition
from a storage state orhast platform to actual launch and operation in the water.

9. (REQ 9.0):The MCM system shall be capable of detecting and classifying miftas.
requirement is further refined by:

a. The MCM system shall bable detect, classify, and map both bottmmd moord
minesin a VSW arean a time frame of less than or not greater than threshold 48
hours, objectie 24 hours.

b. The MCM Systemshall trigger an alert faa suspectnine-like object

c. The MCM systens shall be able to transmit mine location, mine identification
information and urgent reports to othRICM systems and MCM control.

10.(REQ 10.0):The MCM systemshall be able to execute collabavatsearch patterns from
multiple premission loaded search patterns for #&@. The MCM systemshall be able
to adjust sarchpatterns while underway based on input or tasking from other MCM
systens and platforms
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11.(REQ 11.0)The MCM system shall be capable of neutralizing mines.
a. Upon receiving a command to neutralize a mthe MCM systemshall reacquire
the mine withinlO mirutes(T), 5 minutes (Q for neutralization.
b. The MCM systemshall becapable oheutralizing the effects of mines in clearing
(threshold) 8, ofobjective) 16Littoral Penetration Points and boat lanes in the
VSW area within 48 hosi(Neller, 2005)

The rationalefor time requirements is that systems will first perform a reconnaissance
and map the mines along routes and pass this informationtdo@o& MCM control. A

mine is considered effectively neutralized if its looa is known and it can be avoided.

If a mine cannot be avoided then other options must be considered to destroy the mine or
neutralize its ability to detect an intended target or its ability to deton@tece the

control determines what lanes to clé@awill issue orders to clear certain mines. Since

the vehicle should know where the mines drs envisioned that it should not take more

that 10 minutes to eequire the mine for neutralizationThe rationalefor clearance
requirement of 48 hours the following: The overall mission to clear all the lanes for

the amphibious force is 72 hourslowever, clearing the VSW area is just a portion of

the overall area that must be cleared. Therefore assigning 72 hours to clearing a path in
the VSW area wald not account for the time to deploy the vehicles and clear the area
outside the VSW area. Therefore, since the VSW area is the hardest area to detect and
locate mines; 2/3 of the total 72 hour mission time was deemed necessary to clear paths
in the VSWarea. This calculates out to 48 hours.

12.(REQ 12.0):The MCM systemshall incorporatenultiple sersor(s) to enable the MCM
system to detect, identify, locat@nd classifyobservable features €fXO in all regions
of water to include the VSW regiofmhis requirement is further refined by:
a. The MCM systemsensors shall be able to create a full 360 degree view of the
target to enable identification.
b. The MCM systemsensors shall be to detect the presence of explosiveglhrou
the use of chemical sensors
c. The MCM systemsensors shall incorporate aD3level as objective, -B as
threshold sonar system with high resolution.
d. The MCM systemshall demonstrate the ability to place its sensor to observe the
target from any anglavailable
e. The MCM systenshall contan abiomimetic sonar for detection dluried bottom
mines
f. The MCM system vehicleshall incorporate combined acoustic and high
resolution visual sensor systein identify UXO in turbid waters.
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g. The MCM systemshall incorporatea magnetic gradiometer thaan be extended
away the MCM vehicle body to mitigate the noise effects of the MCM vehicle
and to enable the MCM system to detesthallow water bottom buried mines
(Yaun, Hock, Xiao, Soon, & Teck, 2010; Hagen, 2010)

h. If GPS is used for navigation of the MC8§stemduring ingress, egress, and/or
searchclassifymap (SC-M), it shall use military Reode capable receivers.

2. Other I mportant Requirements for the MCM System

The followingrequirements are important for tveCM systemto meet;however,
these requirements are not as important to meet as the top requirements. Only partially
meeting these requirements will still enable a successful system.

1. (REQ 13.0):The MCM systemshall be designed to operate in the electromiag M)
Naval Air, Surface, and Subsurface environments per-SMTD-461 without failure or
degradation in performance

The rationale fothis requirement ishat the MCM systenmustbe ableto operate over
wide environmental extremes to include the eleotignetic environmentlt is important
the MCM system operate without degradation in the electrom&tz environment.
However there are tests thatthe systemcould fail and still be considerechpable to
performits mission.

2. (REQ 14.0):n order for theMCM systemto perform MCM missionghe MCM system
shall be reliable and availabld his requirement is further refined by:

a. The MCM system shall have an operational availability of nottless95% (O),
85% (T). This A, is for the overall systenavailability includingthe MCM
command & control system, MCM vehicles, MCM communication nodas,
MCM deploy and recovery system.

b. The MCM system shall be designed for maintainability with repairable
subsystems having less than 1 howean time to repafMTTR) on single point
failures and 3 hars for noncritical failures. This MTTR is for the werall system
including the MCM command & control system, MCM vehicles, MCM
communication nodesndMCM deploy and recovery system.

c. The MCM system shall have raean time between failur@MTBF) of not less
than100 hours (T), 300 hour®f with 95% confidence

3. (REQ 15.0):The MCM systemshall be able to be launched bywubsurface surfaceor
air platform. This requirement is further refined by:
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a. The MCM systemshall be recovesd by a subsurfaceor surface fatform within
15 mirutesof closure withanMCM vehicle and launch platform.

b. The preparation of the MCMystem for launch shall not be greater than
15mirutes.

c. The actual lanch sequence of the MCM systeshall not take longer than 10
minutesafter preparation for launch afttielaunch comman given

The rationale fothis requirement ighat current launch and recovery take up a significant
portion of the allotted detetb-engage sequence tinj@perators, 2011) Designing for
rapid launch and recovery will provide more time to complete the MCM mission in the
operations area, rather than using this time onboard the command platform.

. (REQ 16.0):The MCM systemshall minimize thesystem weight and footprinby
implementing a modular design. This requirement is further refined by:
a. The MCM vehicle/payload weight shall not be more th@h3 pounds
(Honeywell, 1982)
b. The MCM system shalbe capable of receiving 4situ range and operation
extension upon depleting onboard energy reserves.

The rationale fothis requirement ishat storage room on MCM ships is being reduced.
The physical size of the vehicle should not be larger than M&®@does to ensure they
can be deployed from aircraft. The size of the control stations and storég@&eed to
be sized to go on any ship. The dessgould be modular to allogase of upgrading the
MCM system with future technology and/or to chatige configuration of the platform
based on mission requirements.

. (REQ 17.0):The MCM systemshall be equipped with an approv®deapons Safety
Explosive Safety Review BoardMSESRB fire control solution during operation and
implementsafety interlocks ankleepout zones for servicing to minimize human hazards
and risks.

. (REQ 18.0):The system shall implement modular open systeoftsvarearchitecture dr
ease of portability, upgrading, and troubleshooting
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D. SYSTEM METRICS

System metricsprovide an avenudo comparealternative system ardbictures by
identifying and defining system effectiveness measures that reflect overall stakeholder
expectations and satisfactiomMetrics drive thedetaileddesign of the system to meet specific
metric threshold valuesas well as allowing erification and validation of the system
requirements and functionproviding traceability of metrics to stakeholder requirements and
operational functions.

1. System Metrics Selection Process

Since a great deal of the determinationsgftem metrics relied on understanding the
needs of the system, stakeholder needs were analiygsed Some of the stakeholder needs
include redicing the DTE, addressif@TH operations, and reducing human error due to human
fatigue. Theseas well as dter stakeholder needs, were analyzed to develop a set of metrics that
would help in the analysis of performance of system design alternatives. System requirements
and functions were also analyzed to help determine the mefreisle 6 displays the result of
these three analyses to determine the high level system parameters that would drive the creation
of system metrics.
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Table6. High Level System Parameters that drive System Metrics

Result of analysis of stakeholder needs, requirements, and functions to determine high level system parameters from
each category that would drive the creation of overarching system metrics to atta@lyperformance of the
developed system at a high level.

High Level Stakeholder . : High Level System
High Level Requirements :
Needs Functions
1.Area that can be covered | REQ 1.0: Clandestine Operations 1.(FD.1) Detect
with implemented system | REQ 2.0: Navigation Precision 2.(FC.2) Classify

REQ 3.0: Autonomous Operational Modes

REQ 4.0:Processing Capabilities 3.(F1.3) Identify

2.Number of persons in the

minefield at any given time| REQ 4.0: MCM Communication 4.(FE.4 Engage
3.Area coverageate REQ 6.0: Endurance 5.(FT.5) Transit
4.False detection rate REQ 7.0: Operational Environment 6.(FCO.6) Communicate,

REQ 8.0: Deployment Distance

REQ 9.0 Detection and Classification 7.(FS.7) Search

5.Implementation of a real

time data processing REQ 10.0: Collaborative Search Patterns 8.(FDE.8) Deploy
capability between system| REQ 11.0: Mine Neutralization 9.(FRM.9)Receive
components REQ 12.0: Muliple Sensors Maintenance

REQ 13.0: Electromagnetic Environment
6.Numb'er of operators REQ 14.0: Reliable and Available 10.(FEP.10)Perform
7.Transit speed REQ 15.0: Launch Platform Planning

REQ 16.0: Minimize Weight, Footprint 11.(FR.11) Recover
REQ 17.0: Weapon Safety

REQ 18.0: Software Architecture

2. System Metrics Selection

Table 7 depicts the final MCM system metrics along with units of measure that were
derived from an analysis dfable 6. The comparison of stakeholder need, requirements and
functions showed that all three areas address the concern related to clearing and searching the
minefield area in an effective amount of time. This translated to the destified metric ®
ACR.

Along with correctlyidentifying the mines, the comparison analysis also identthed
need to reduce the amount of mine targets that are missed during search operations.
Misinterpreting or not properly identifying a mine could cause catastropbidts. As a result,
the concern for measuring the percentage of mines a system would miss during a search was
translated tdhe Undetected Mines metric.

Lastly, the reduction in manning, surface presence of support amdftsuccessfully
conducting all mission phases with a low profile was identified as a common concern. This was
the determination for identifying Stealthiness as a comparison metric as shoable7.
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Table7. MCM System Metrics

The data presented is the culmination of the iterative process of comparing stakeholder needs, current capability
gaps, threat analysis, functional analysis, andesysequirementsThese metricsvere used to compare alternative
system architectures.

System Measures of Effectivenessg Unit of Measure
AREA COVERAGE RATE Nautical Mile$/Hour (nm#hr)
UNDETECTED MINES % of Total Mines Undetected
STEALTH Probability ofDetection by Enemy®o)
3. System Metrics Definitions

a. Area Coverage Rate

The areacoverage rate islefined as how fast thgystem carcompletethe detecto-
engage sequence in tbkearance of an area for safe operations to octe unit of measure for
this metricis thenauticalmiles (squaredovered per each search ho&or the purposes of this
report, the engagement of the mine can be considered any means that renders the mine
ineffective against an amphibious landing fordéor example, irsome ases this may mean
marking and mapping the mines, while in other cases the engagement may entail the complete
destruction of a mine with explosives, chemicals, and Electronic W§Euvgtechnologies.

b. Undetected Mines

The undetected mine is a metric chode representargets missed by the system.
Targets missed by systems cause a significant increased risk tobmmpHanding teams,
increasing the risk dbss ofa human life.

c. Stealth

Stealthmeasurs WKH V\VWHP{V DELOLWSE iWd&o¥ed thehneR ¢ R SHUD
system must be designed with mechanisms to isolate and avoid mechanical noises that could
reveal location to underier passive sonamrrays or submerged acoustic system like
submarines. Stealth capabilitiesnust allow the system to bendetected from autonomous
acoustic sensor systems used in battlefield awareness and other wide range sunailidinass
visual and radar scangovert operation will result in relaxing the need to provide suppression
fire in the obscuration activitpf the MCM breakthrough phase. If MCM can be conducted
without detection, the opposing force will not react hostilely and expose forces to unnecessary
risk. Stealthwill be measureds a function of thprobability of detection by enemy forces.
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E. FUNCTIONAL ARCHITECTU RE

1. Functional Decomposition

In order to accommodate the overall need to reduce the time it takes to clear a minefield
in support of an amphibious assault, high level functions from current doctrine need to be
addressed. These are De¢t&dassify, Identify, and Engage. From the capabilities analysis and
stakeholder analysis, it was discovered that current systems take a long time to transition from
the Identify function to the Engage function. Many times this transitiaelsyed dudo the
lack of realtime communications or the lack of ability for the system to Classify and Identify the
mines autonomously. This in turn requires the system to be recoamdedhe data to be
downloadedand analyzed before the Engage function candréopned. During the Engage
functionthe current mission sequence requires the system-agqgeaire the contact before it can
be neutralized causing further delay in completing the DTE sequence.

The goal of the functional analysis was to take capghy#ps in conjunction with the
current doctrine and requirements analysis to develop functions that further develop system
details and tasking. Since one of the major capability gaps defined was the lacktoheeal
communications, the Communicate functiwas created tonanagethe interfaes with the
environment external to the systexa well asconnect the MCM vehicle to the host platform.
The remaininghigh level functionsderivedwere mapped tat least one top leveequirement
and describe the taskto be performed in detimy a mine within the VSW zone.These
functions include the DeployRecover, Perform Planningnd Receive Maintenance functions.
Additional task development outside of the VSW zone includes mission platiméygatform
laundh and transit from outside the operational area of intelesPG WKH SODWIRUPYV |
Varying degrees of sufunctions were added to the high level functions to provide needed
HISDQVLRQ ZKHUH PXOWLSOH WDVNV ZHUH fwaeR@sYuse@ 9LWE
WR PRGHO WKH V-hwutvaH &§hitecture ravidiRgQa medium to map out the
functions and sufunctions whileenabling the linking of requirements to pertinent functiofss.
the conclusion of the functional decomposition,dai’eloped requirements wedmeked to their
implementation function and a sound solutiutral architectural model existed in CORE that
fed into the development of alternative architectures anDRid.
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2. Functions

Figure17 shows the general functional flow of the DSEquencéo complete a mission
in the VSW zone by aingledetection platform The following section contains a brief overview
of the functons ¥ HDWHG DQG PRGHOHG LQ &25( puts,@dpugJaRil WKH |
triggers vasperformed in CORE ani not listed insubsequent desptions in order to provide
an overview of the functional architecture.
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Figurel?. Functional Flow Block Diagram of MCM Detect to Engage Sequence

Functional Flow Block Diagram (FFBD) of functions performedw@M system during anissionconducted in the VSW zone. Walking through the FFBD, the
mission starts with the Perform Planning Function. Once Perform Planning completes, both the Communicate function dnddiepmgtart.The
Communicate function performs the communicationsifthe MCM system to external systems and is active throughout the duration of the mission, until the
MCM system is recoveredfter the Deploy function, the first loop, LP1, is entered and the Transit function starts, where the MCM system transadsitiaf

an operational area depending on direction given by the host platform. With the completion of the transit functidme &twaver function is called to

recover the MCM system (if the system has transited to a recovery point), or a seqoisceltered to search for mines in the operational area (if the MCM
system has transited into a search area). Entering the second loop, LP2, begins tHeedechClassifyldentify sequence. The Search function effectively
3SPRZV WKH OD Z a@tionalrad Kdking BiHntinkke objects. If a mindike object is detected, the Search function ends and the Bieieesgify

Identify sequence starts for the mililee object. Once the Identify function has completed, a decision is made whetheage engnot engage the detected

mine. Once this decision is made, either the Engage function is called, or it is bypassed. After the Engage functies aoisfgpassed, the second loop,
LP2, restarts at the Search function, searching the operatic@zahgain for a new misike contact. LP2 is exited if the MCM system reaches the end of the
operational area, or is directed to stop searching during the Search function. This exit of the second loop is not¢donh D&/F3/( ©~ WKH ORRS H[LW
LP2 ends, the first loop, LP1, is restarted and the transit function is called again to move the MCM system to a navalogreatio further prosecute mines or
to a recovery point to recover the MCM system. Once the Communicate and Recovery finasttoogmpleted, the Receive Maintenance function is
performed at the end of the mission.
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a. Perform Planning
Figure 18 depicts he functional hierarchy ofhe Perform Planning function. The
Perform Panning function describes events where either a tasking authority or the MCM
platform itself is planning or accepting a search. Since all system actions depend on a
predetermined set of parameters, planningséerch and the DTE actions need to be handled
onboard, with some put from outside systems. The Perfortarfding function includes four
subfunctions:

1. FPP.10.1 Create tasking for MCM assets
2. FPP.10.2 Accept search plans
3. FPP.10.3 Accept tasking from MClksets
4. FPP.10.4 Create message about contaotic{pated mine locations iAO)
FPP.10
PERFORM
PLANNING
l
| | | |
FPP.10.1 FPP.10.2 FPP.10.3 FPP.10.4
Create tasking Accept search Accept tasking Create message
for MCM assets plans fram MCM assets about contacts

Figurel8. Perform Planning Function Hierarchy

Functional decompositioof the Perform Planning function. The Perform Planningction describesvents where
either a tasking authority or the MCM platform itself is planning or accepting a search.
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b. Deploy

Figure 20 depicts the functional hierarchy the deployfunction. Since the amphibious
task force will be stationed atstandoffdistance from the operational area, there is a need to
have flexibilty in the deployment of the system. Depending on the required level of covertness
for the individual missionit would be possible that the system would need téabechedby
either air, surface or stdurface vehicle. The top level deplofunction desribes events at the
startof the DTE sequence with the platform being dgptl intothe field. The deployunction
includes thresubfunctions:

1. FDE.8.1 Deploy from susurface craft
2. FDE.8.2 Deploy from surface craft
3. FDE.8.3 Deploy from aircraft

FDE.S
DEPLOY
| |
FDE.S.1 FDE.8.2 FDE.8.3
Deploy from Deploy from Deploy from
sub-surface craft surface craft aircraft

Figure 19. Deploy Functional Hierarchy

Functional decomposition of the Deploy function. The Deploy function describes events at the start of the DTE
sequence with the platform being deployed into the field.
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c. Recover

Figure20 depicts the functional hierarchy the recover function. Since the amphibious
task force will be stationed atstandoffdistance from the operational ayélaere is a need to
recover the system after it has completed its missidme top levelrecover function decribes
events at theend of the DTE sequence withe platform beingecovered from the fiel@t a
recovery point An emergency recover functiamas included as a sifnction to account for

the recovery of a system with an unrecoverable fitluring the mission. Thecover function
includes twosubfunctions:

1. FR.11.1Recover from surface craft
2. FR.11.2Emergency recover

FR.11
RECOYER
[
[ |
FR.11.1 FR.11.2
Recover from Emergency
surface craft recover

Figure20. Recover Function Hierarchy

Functional decomposition of thiRecoverfunction. TheRecoverfunction describes events at the end of the DTE
sequence with the platform being recovered from the field. An emergency recover function was included as a sub
function to account for the recovery of a system with an unrecoverable failure during trgmissi
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d. Transit

Figure 21 depicts the functional hierarchy of the transit function. The transit function
describes events immediately before and after the search function where the MCM platform is
transiting to andway from the operational area of interest. Since the amphibioutotaskwill
be stationed at atandoff distancefrom the AO, the system will need téravel from the
deployment location to th&O. In order to reduce the probability détection othe systemby
the adversaryt will be not be practicalo deploy the system in th&0O. This being the case, the
systemwill need to be able to traved the area in a covert method. The transit function includes
eight subfunctions:

FT.5.1 Determine depyment coordinates
FT.5.2 Determine path to operational area
FT.5.3 Engage navigational sensors
FT.5.4 Engage transiting system
FT.5.5 Transit and monitor for obstacles
a. FT.5.5.1 Continue transiting clear path
b. FT.5.5.2 Modify path to avoid obstacle
FT.5.6 Acknowledge entering search areas
FT.5.7 Determine directioand distance to recovery point
8. FT.5.8 Create message indicating arrival at recovery point

a s wnN e

N o

FT.5

TRANSIT

]
| | | | | | |
FT.5.1 FT.5.2 FT.5.3 FT.5.4 FT.55 FT.5.6 FT5.7 FT.5.8

" ; Determine
Determing Determine path to Engage Engage transiting Transt and Aclrotsedos direction and Create message
deployment : navigational monitor for entering search : indicating arrival
di operaional rea SEnsors system obstacles areas dstance to at recovery point
coordinates recovery point VP
FT.5.5.1 FT.5.5.2
Continue transiting Modify path to
clear path avoid obstacle

Figure2l. Transit Function Hierarchy

Functianal decomposition of the Transiinction. The Transitunction describes events immediately before and
after the search function where the MCM platform is transiting to and away from the operational area of interest.
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e. Search

Figure 22 depicts the functional hierarchy of the search function. The top level search
function describes events when the platform has reached the operational area of interest and
starts to performhie search functions to detect contads. part of the overall need to find mine
like objects that would prevent an amphibious assault from being performed, the search function
provides the ability for the system to detect the mines.-fGuitions inclu@ the initialization
and deactivation of the search sensors and the modification of the search pattern in response to
detected contacts and other events in the mission. The search function includes- six sub
functions:

1. FS.7.1 Enter perational aea

FS.7.2Activate searchensors

3. FS.7.3 Follow searchoemmands
a. FS.7.3.1 Bllow programmed search pattern
b. FS.7.3.2 Determine if search pattern should be modified
c. FS.7.3.3 Change aech program

4. FS.7.4 Record platfornotation

FS.7.5 Create ission complete ressage

6. FS7.6 Deactivate searclerssors

N

o

FS.7
SEARCH
I
[ [
FS.7.1 FS.7.2 FS.7.3 FS.7.4 FS.7.5 FS.7.6
Enter operational Activate search Follow search Record platform Create mission Deactivate
area Sensors commands location complete message search sensors
|
I [
F5.7.3.1 F5.7.3.2 F5.7.3.3
Follow Determine if Ehandaiseatcl
programmed search pattern rg e
search pattern should be modified prog

Figure22. Search Function Hierarchy

Functional decomposition difie Searchfunction. The Searchunction describes events when the platform has
reached the operational area of interest and starts to perform the search functions to detect contacts.
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f. Detect

Figure 23 depicts the functional hierarchy of the detect function. The high level detect
function describes the events of receiving contact information from system sensors, recording
both location and environmental information from the sensors, and creatingssage to
transmit indicating the detection of a contact in the path of the detection platform. The need for
this function comes from the overarching problem of locating +hkeeobjects. This function
fulfills many requirements involving first the @etion of a contact, and then recording of the
FRQWDFWYfV ORFDWLRQ 7TKH GHWHFW IXQFWLRQ DOVR IXOIL
analysis personnel. If a mine is unable to be detected, the rest of the functions will not be able to
meet tle need of the end user. The detect function includes fotfusghons:

1. FD.1.1 Receive information frosensorsndicating contact in the area
2. FD.1.2 Record location obatact
3. FD.1.3 Record environmental information from sensors
4. FD.1.4 Create messagbout a detection in the area and its location
FD.1
DETECT
I
I I I I
FD.1.1 FD.1.2 FD.1.3 FD.1.4
Receive information : Record Create message
S Record location of enviromental about a detection
from sensors indicating . ; ’ 3
bt e e g contact information from in the area and its
SENsors location

Figure23. Detect Function Hierarchy

Functonal decomposition of the Detdainction. The Detecfunction describes the events of receiving contact
information from system sensors, recording both location and environmental information from the sensors, and
creating a message to transmit indicating the detection of a contact in the path of thendeftéirm.
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g. Classify

Figure 24 depicts the functional hierarchy of the classify function. The high level
classify function describes events directly aftecoatact is detected and is determined to be
either a mindike or norrmine-like object. Ifan object is classified as nomne-like, then the
system can ignore and continue with the search. However, if the contact is determined to be
minelike then eithethe system or the operator must take further steps to determine the level the
threat it poses. Any minlke object will prevent the amphibious assault from occurring unless
steps are taken to neutralize the object. The classify function includesubife@ctions:

1. FC.2.1 Process sensor input
2. FC.2.2 Determine if contact mine-like or nonmine-like
3. FC.2.3 Create message about contact classification

FC.2
CLASSIFY
|
| [ |
FC.2.1 FC.2.2 FC.2.3
P — Determine if contact is Create message about
e e mine-like or non-mine-like contact classification

Figure24. Classify Function Hierarchy

Functioral decompositn of theClassifyfunction. The Classifyfunction describes events directly after a contact is
detected and is determined to be eitherirge-like or nonmine-like object.
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h. ldentify

Figure25 depicts the functional hierarchy of the identify function. The top level identify
function describes events triggered by the classify function determining dika@remntact has
been found. The identify function proceeds twirther identify a mindike contact as either
bottom, moored, or drifting mine. If the contact is fmomelike, the system will determine if
the contact could cause a threat to the detection platform and must be avoided. This could come
in the form ofa large rock, or other obstacle in the path of the system. The identify function
creates a message to be transmitted from the system indicating further information about the
minelike contact. The identify function includes five siumctions:

1. FI.3.1 Deermine ifmine-like contact is a bottom mine

2. F1.3.2 Determine ifine-like contact is moored mine

3. FL.3.3 Determine ifnine-like contact is drifting mine

4. FI.3.4 Determine imine-like contact should be avoided

5. FL.3.5 Create message about mohentification

F1.3
IDENTIFY
|
l | l l |

F1.3.1 F1.3.2 F1.3.3 F1.3.4 F1.3.5

Determine if mine-like Detemine if mine-fike Determine if mine-like Detemine if mine-like Create message about
contact is a battom mine contact is moored mine contact is drifting mine contact should be avoided mine identification

Figure25. Identify Function Hierarchy

Functional decomposition dfie Identifyfunction. The Identifyfunction describes events triggered by the classify
function determining a minkke contact has been foundhe Identifyfunction proceeds to further identify a mine
like contact as either bottom, moored, or drifting mine

i. Engage
The top level engage function describes events triggered by alik@neontact being
detected and determines the need to engagee €Flgage function processes inputs of
information on themine-like contact of interest from previous steps in the DTE sequence. There
are several ways to engage a mine. ®he methodL,V WR GHWHUPLQH WKH PLQHTYT
mark it DQG DY RL Gs WiKddindrig@ied when transiting the area. Another way is to
neutralize the mineeal time as it is found and identifietHowever, some situations require that
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the mine is identified and located during an initial search (reconnaissance mission) with
neutralization occurring later (racquire and neutralize mission). Locating the mine a second
time should not take as long since the location is already known. The neutralization sub
function, if triggered performs the functions related to neutraliziegrime-like contact. The
engage function includes four sfinctions with one sufunction containing three lowdevel
functions:

1. FE.4.1 Create Neutralization Plan
a. FE.4.1.1 Determine necessity and method for neutralization
b. FE.4.1.2 Create assage requisg approval of neutralization plan
c. FE.4.1.3 Neutralizationlan approved/modified by tasking authority
2. FE.4.2 Reacquir@Note: Reacquire takes into account if the Engage function is not called
directly after the Identify function, the mine will need te kelocated to effectively
neutralize it.)
3. FE.4.3 Neutralize conta@tlisable contact)
4. FE.4.4 Create message about engagementgesult

Figure26 depicts the functional hierarchy of the engage function.

FE.4
ENGAGE
[
[ [ [ ]
FE.4.1 FE.4.2 FE.4.3 FE.4.4
Create neutralization cresteimessege
! Reacquire Meutralize contact about engagment
pan results
[
[ [ ]
FE.4.1.1 FE.4.1.2 FE.4.1.3

Determine Create message

necessitiy and
method for
neutralization

requesting
approval of
neutralization plan

Meutralization plan
approved/modified
by tasking authority

Figure26. Engage Function Hierarchy

Functional decomposition dfie Engagefunction. The Engagdunction describes events triggered by a rlike
contact being detected and determitiesneed to engage. The Engégection processes inputs of information on
themine-like contact of interest from previous steps in the DTE sequence.
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J.  Communicate

Figure 27 depicts the functional hierarchy of the communicate functioffhe
communicate function describes the link between all the MCM platforms penigthe mission
and exists throughout the whole mission from start to finlSbmmunicate is how the platform
sends and receives information by any megni¢e deployed Since one of the short comings of
current systems, though becoming more prevalanemerging systems, is that réiahe
communications are lacking, the communicate function is critical in providing information to
other MCM systems and to the amphibious task foréee determine status function relays
functional status to the taskingtharity and provides alerts if the system becomes degraded to a
point where the mission is impacte@he communicate function includes four subctions:

1. FCO.6.1 Receive communications
a. FCO.6.1.1 Receive hard connect communications
b. FCO.6.1.2 Receive witess communications
2. FCO.6.2 Transmit communications
a. FCO0.6.2.1 Transmit hard connect communications
b. FCO.6.2.2 Transmit wireless communications
3. FCO.6.3 Determine Statym-mission status)
a. FCO.6.3.1 Perform BIT (Bu#tn-Test)
b. FCO.6.3.2 Create message aboperational ®tus, induding errors
c. FCO.6.3.3 Determine time, locations, direction, and speed
4., FCO.6.4 Storeriformation

FCO.6

COMMUNICATE

I
[ [ [ |
FCO.6.2 FCO.6.3 FCO.6.4

FCO.6.1

Receive
communications

Transmit
communications

Determine status

Store information

FCO.6.1.1

FCO.6.1.2

FCO.6.2.1

FC0.6.2.2

I
FCO.6.3.1

FC0.6.3.2

|
FC0.6.3.3

Receive hard
connect
communications

Receive wireless
communications

Transmit hard
connect
communications

Transmit wireless
communications

Perform BIT

Create message

about operational

status, including
errors

Determine time,
location,
direction, and
speed

Figure27. Communicate Function Hierarchy

Functional decompatson of theCommunicatdunction. TheCommunicatdunction describes all the functions that
are performed when a message is createthier dunctions. Th€ommunicatdunction is the link between all the
MCM platforms performing the mission and exists throughout the whole mission frortodiaish.
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k. Receive Maintenance
Figure 28 depicts the functional hierarchy of the receive maintenance function. The
receive maintenance function describes evehisre the MCM platform is under maintenance to
support future missions. The maintenance function will assist the system to meet the operational
availability and reliability requirements. The receive maintenance function includes five sub
functions:

FRM.9.1 Perform maintenance diagnostics

FRM.9.2 Receive corrective maintenance

FRM.9.3 Receive preventative maintenance
FRM.9.4 Receive energy replenishment

FRM.9.5 Create message about maintenance status

a bk wbdnpRE

FRM.9
RECEIVE
MAINTENANCE
[
[ [ [ I
FRM.9.1 FRM.9.2 FRM.9.3 FRM.9.4 FRM.9.5
Perform maintenance Receive corrective Receive preventative Receive energy Ereate message
diagnostics maintenance maintenance replenishment about EZ'FJ:nance

Figure28. Receive Maintenace Function Hierarchy

Functional @compogion of theReceive Maintenandenction. TheReceive Maintenandenction describes
events where the MCM platform is under maintenance to support future missions.
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F. MAPPING SYSTEM REQUI REMENTS TO SYSTEM FUNCTIONS

Top level requirements and top level functions were mapped to show traceability and
develop initial concepts towards systanchitectural descriptions. The mappingeduirements
to functions, demonstrates the start of the architectl@@mposition of the system solution.

c
i)
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RS} o |g
= —
S > |2 = (0]
© % 2 :%” = El=|3l8g = g
o | 8| 5| 2|5 |8|8|0 X324
Qo | S| w | 8|90 7 |rclagl
1 1 - \ — © 2 © @ DA ZE|
FIN || T |O|N|W|SEag
A |loOo| | WlF|O|lwn|0|X8a S x
(T L | L IS WA Y I B W [ W3 [ T oI (R T
REQ 1.0 ClandestineOperations X | X | X X X | X | X | X X | X
REQ 2.0 Navigation Precision X | X | X X X
REQ 3.0 Autonomous Operational Modes | X | X | X X X | X | X X X
REQ 4.0 Processing Capabilities X | X | X X X
REQ 5.0 MCM Communication X | X | X X X | X | X | X | X | X | X
REQ 6.0 Endurance X X | X X
REQ 7.0 Operational Environment X X X
REQ 8.0 Deployment Distance X
REQ 9.0 Detection and Classification X | X | X X
REQ 10.0 Collaborative Search Patterns X | X | X
REQ 11.0 Mine Neutralization X X X
REQ 12.0 Multiple Sensors X | X | X X X
REQ 13.0 Electromagnetic Environment X | X X
REQ 14.0 Reliable and Available X | X
REQ 15.0: Launch Platform X X X
REQ 16.0: | Minimize Weight, Footprint X X | X
REQ 17.0: | Weapon Safety X
REQ 18.0: | Software Architecture X | X | X X | X X

Figure?29. High Level Functions Mapped to High Level Requirements

Figure depicts High Level Requirements mapped to High Level Functions for the solution MCM system. The
mapping demonstrates that each requirement is implemented by at least one high level function.
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G. SYSTEM BOUNDARY

As defined in previous sections of this report, this analysis has identified the complexity
and diversity of the VSW zone, defined the requirements and functional attributes necessary for
a system operating in the VSW environment. Due to the dynamibe alystem scope defined
by this cohort team, a decision was made to reduce the problem scope to a manageable effort that
would fit within the constraints of oyarojectschedule.Figure30 describes the bounded system
as the shaded area in comparison to the definition of the fully defined system. The scope of the
system boundary was chosen to represent the key functions that relate hhekptoblem
statement of addressing the reduction of the DTE sequence in support of amphibious landing
operations. It is recommended that functions outside the system boundexplared by other
research
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Maintenance
Perfo.rm AN} Recover |
Planning (

¥ Deploy Transit

Figure30. System Bandary

Functional Flow Block Diagram (FFBD) of functions performedWw@M system during anissionconducted in the VSW zone. Shaded functions indicate the

system boundary for this report. Shaded functions were examined in depth and with the remaining areatimasnmended for future cohort research teams

to exploredue to the additional compleyiand depth of the remaining functions. Walking through the FFBD, the mission starts with the Perform Planning

Function. Once Perform Plannirgcomplete, both the Communicate function and Deploy functions §the.Communicate function performs the

communications from the MCM system to external systems and is active throughout the duration of the mission, until tha@Cisl regoveredAfter the

Deploy function, the first loop, LP1, is entered and the Transit function starts, where the MCMtsgatt® into or out of an operational area depending on

direction given by the host platform. With the completion of the transit function, either the Recover function is catledeiothe MCM system (if the system

has transited to a recovery poirdj,a second loop is entered to search for mines in the operational area (if the MCM system has transited into a search area).
Entering the second loop, LP2, begins the SebretectClassify , GHQWLI\ VHTXHQFH 7KH 6HDUFK IXQEWL@ QV K HI HRFSW IVNDHAOL\R3@ R
looking for minelike objects. If a mindike object is detected, the Search function ends and the Belsgifyldentify sequence starts for the milikee object.

Once the Identify function has completed, a decision issmdtether to engage or not engage the detected mine. Once this decision is made, either the Engage
function is called, or it is bypassed. After the Engage function completes or is bypassed, the second loop, LP2tmestadscht function, searchitige

operational area again for a new milik@ contact. LP2 is exited if the MCM system reaches the end of the operational area, or is directed to stop searching
GXULQJ WKH 6HDUFK IXQFWLRQ 7KLV H[LW RI WKH oopléxR Q\Be®OLRRdE, WhelJikMObpGLIRL Qs Wdarted ptd'tie vV 3/( ~ \
transit function is called again to move the MCM system to a new operational area to further prosecute mines or to paiectveegover the MCM system.

Once the Communicate and Reery functions have completed, the Receive Maintenance function is performed at the end of the mission.
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IV. ALTERNATIVE ARCHITECTURE DEVELOPMENT

As previously discussedhe boundaryof this researchis restricted to the scope and
function thatthe MCM system condustin the operational area during the DTE sequence.
Further investigation has proven that even with the scope reduced to the functions of the DTE
sequence, the problem is still very complex ahdllengingto solvedue to the many pangeters
that need to be taken into consideratiomlevelop a solution spacehe decision was made to
explorethe level of autonomy on next generation MCM systems and their effect on meeting the
capability gap. Three alternative architectures were dpgdlto further investigate.

A. ALTERNATIVE ARCHITECTURE DEVELOPMENT APPROACH

Our earlierresearch has shown that the capability gap solutions that had the potential for
reducing the DTE were identified as removing the man and mammal from the mine field,
removing or reducing PMA, incorporating sensor fusion and extending system endurahlze.

8 displayscapability gaps identified as contributors that incrda$& time and developed ideas
at providing solutions to bridge the gaprhe architectureanalysiseffort was focused on
explaing levels of autonomy, investigating the benefits of -teaé data analysjsand
recommendations for communication methodgandard sensor packagesnd extending
endurance.
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Table8.

Capability Gaps

This tabk outlines the capability gaps explored and hypothesized improvements.

Problem Capability Gap Capability Gap Capability Hypothesized
Statement Solutions Analyzed Improvements
OTH Capability Reduce burden on human
Limited
Search/Detect/Classif] Reduction in manning
capabilities of MMS . requirements
Remove Comparison of the
and need for UUVs .
- Man/Mammals in 4 Levels of —
System Manning Gap L As autonomy capability is
the minefield Autonomy . T
improved, the DTE timeling
is reduced
UUV deployment gap Increase in autonomy can
enable neutralization
OTH Capability Real time communications
will negate therequirement
for PMA
Communication gap Investigate Real OTH communications allow
with UUVs ti?n o operators to maintain statio
Remove/Reduce Communication on the host platform at a
Post Mission Data Networks to standoff distance from the
Processing/PMA minefield operation.
UUV on board suppor'g Autonomy
ReduceDTE rocessin architectures
P 9 Realtime analysis of data
(within the UUV)
VSW Sensor Gap
Incorporate Fuse Sensor Data from
Multiple MCM Standard Sensor : .
Multiple MCM Sensors will
Sensors Package increase PdPc in VSW
Sensor Fusion
OTH Capability
Investigate and
Extend Endurance recommend power
T systems to support Ensure system endurance
— limitation: Human . 7 :
Limited and Svstem faster, more reliable mission duration
Search/Detect/Classif] y energy sources tha
capabilities of MMS improve ACR
and need for UUVs
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The primay architecture analysi®cused on exploring different levels of autonoamd
was based on information provided in the Unmanned System Integrated Roadmap03611
and the Naval MCM UUV Roadmap (February 2011) docustbat indicatethe progression of
future technologyis shifting focus of DTE task reliance from humans to unmanned autonomous
systems.

The analysis and development of communication networks was derived by investigating
the definition of autonomy and the paradigm shift of human controltow#ecisions being made
by autonomous unmanned systems. In order for the humans to transition to the support and
monitoring role for autonomous systems, it is necessary to have real time data feedb@2k to a
human element in certain architecturds.addition, one of the biggest obstacles with reducing
the DTE sequence has been identified by stakeholders and research is the time delay from
planning the mission to the time it takes to produce final target location and details.

As discovered through searching capability gaps, system endurance is a limiting factor.
The UUV system must transit from a drop point to its AO under different environmental factors
that can affect navigation and energy reserves which hinder the ability of a system to complete
its mission without the need for refueling or recharging. It is necessary to manage the system
power requirements with realistic system power technologies given the previously defined
DRMs.

Additionally, the communication system must be able to sustammunication links
between the vehicle(s) and tHest Platformfor the entire length of the mission. It is necessary
to manage and coordinate the communication needs with sustained operations.

B. LIST OF ALTERNATIVES SUMMARY

This section gives a higlevel overview of three alternative architectures that were
explored. Subsequensections give further detafbr each alternativfV XQLTXKaRRQFHSW
configuration.

1. Alternative Architecture One: Fully/SemiAutonomous System

The main components of Algative Architecture One are:
a. Fully autonomous Self Propelled Underwater Detection System (SPUDS) vehicle.
b. Fully autonomous ovethe-horizon (OTH) buoy communication network.
c. Two person team operating the MCM command &mel Host Platform MCM C2
Processig Systemat theHost Platform

The main characteristics oflt&rnativeArchitecture Onare:
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The vehicleperforns navigation functions to include obstacle avoidance without human
intervention or guidance from théostPlatform.

The vehiclecan collaborate between likeehiclesto perform missions without human
intervention.

The vehicleperforns the missioriunctions ofsearchdetect classify, and identify

The communication between the SPUDS vehicle(s) andHtst Platform is conducted

via a field of communication buoys operating autonomously that cora@vtistic
communications to RF communications. The buoy field also provides navigation
reference pointto the SPUDS vehicles in the AO

The MCM Host Platform creates a tactical map of ACased on mine type and mine
location information received from vehicles.

The Host Platform can control one or multiple SPUDS vehicles without increasing man
power or processing/communication infrastructure.

2. Alternative Architecture Two: Tele-Operated Systam

The main components of Alternative Architecture Two

Tele-operated SPUDS vehicle.

Existing Common Tactical Data Link provided by M# and/or FireéScout UAV for
OTH C2 and datéinking real time sensor dataData is transmittedria a tethered
floating surface antenna.

Six person team operating titost Platform MCM C2 Processing System at st
Platform

The main characteristics oflt&rnativeArchitecture Twaoare:

a.

The Host Ratform performs navigation functions to include obstacleigance by
steering the vehicler giving waypoint guidance.

The vehiclecannot collaborate betwedike-vehicleswithout human intervention for
mission accomplishment.

The Host Platform performs the functionssefarchdetect classify, and identify through
procesgig real timeMCM sensor data arriving from SPUDS vehgléa a data link.

The communicabn between the SPUDS vehigkeconductedvia an existing Navy data
link system provided by an air platform such as a-BMHhelicopter or a FirScout
UAV. The data hnk is accomplished through the use of the floating tethered antenna.
The MCM Host Platformcreates a tactical map of AO based on real time mission
analysis performed on theost Platform This mine type and mine location information
is derived by a reatime analysis of MCM sensor data streaming from the SPUDS
vehicle.
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f.

The Host Platformcan control one or two SPUDS vehicles without increasing-man
power or processing/communication infrastructur€he factors that are affected by
increasing the number ofetticles are the datak bandwidth and Navy ssistance
required to provide redlme processes. Therefore adding additional SPUDS vehicles
will require increasing mapower and processing/communication infrastructure.

3. Alternative Architecture Three: Remde/Tele-operated System

The main components of Alternative Architecture Thrase

a.

b.

C.

Hybrid RemotePilot/Teleoperated SPUDS vehicle that is operated in the AO by a local
team.

A five person team operating th®st PlatformMCM C2 Processing System at tHest
Platform

Three person local team to operate the SPUDS vehicle. This local team is in the AO
while the MCMHost Platformis operating OTH.

The man characteristics of Alternative Architecture Theze:

a.

This system reques a local operator teamathoperatesOTH from the MCM Host
Platform The local operation teaoonsists of3 peopleoperating a SPUDS vehicle from

a small boat in the AO.

The local operator performs all navigation functions to include obstacle avoidance by
steering the vehicleg giving waypoint guidance.

The vehicles cannot collaborate between themselves without human guidance for mission
accomplishment.

The Host Platform performs the functionssefarchdetect, chssify, and identify through
postmission analysis (PMA) afaw MCM sensor data retrieved fromrecording device

on the SPUDS vehicle.

The communication heveen the SPUDS vehicle(s) and the local operatopiglucted

via anew radio data link system that is used to control the vefidavigation during
mission exegtion.

The MCM Host Platformcreates a tactical map of the AO based on the PMAe miihe

type and mine location information is derived from the PMA.

The Host Platformcannot control SPUDS vehicle.ndreasing the number of SPUDS
vehicles in the field to mrform the missionwill increase maspower and
processing/communication infrastructure requirements.
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C. BASE MCM ADVANCED SYSTEM

Three alternatives architectures were developed in an effort to provide acceptable
solutions to the problem. Figure 31 shows same base components that the alternative
DUFKLWHFWXUHY VKDUH 7TKHVH EDVH FRPSRQHQWY DUH GX
MCM Advanced Systens composed of three major subsystems which are the UUV System,

OTH Communication System, and the Host Platform MCM System. Despite the base system
remaining the same among the three architectures, the com§oplecks shaded gray Figure

31 LQGLFDWH ZKHUH FKDQJHV ZHUH PDGH EHWZHHQ DUFKLW
performance.
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Figure31. MCM Advancel System Component Diagram

This Diagram depicts the systemneponents of thbaseMCM Advancel System Grey shaded components indicate areas that differed in the detailed design of
the three alternative architectures.

105



1. MCM Advanced System Components

The following section details the specific components of the MCM Advanced System
depicted inFigure31L.

a. UUV System

The unmanned underwater vehicle teys (UUV System) is further detailed by
navigation, mission f@cessor, communication, propulsion, power, and neutralizer
subcomponents.

UUV Navigation System

The UUV Navigation System is composefl sensor components and computers that
enable the UUV to track itself in-@mensions during a missionThese omponents provide
heading 3-dimensional velocity, @limensional acceleration, and depth for all alternatives.

UUV Mission Processor

The UUV Mission processor includes all sensors, components and computers that enable
the UUV to process mission critical data and vehicle operation. This includes sensors that are
used tosearchdetect classify, and identifyargets. All three alternative archettures contain
the same sensors and components with the exception of optical sensors. However, the number of
mission processors and the allocatiorfuictionality for calculatingprecise coordinates used for
tracking vehicle position and mine locatiom® varied between alternatives. The allocation of
search,detecion, classificationand identificationfunctionality also vary between the mission
processor and the MCM Host Platform for each alternative.

UUV Communication System

The UUV communicationystem includes the interfaces and components that allow the
UUV to communicate in order to execute MCM missions. These components are detailed
further in the alternative architecture decompositions.

UUV Propulsion System

The UUV propulsion system includeke interfaces, components, and computers that
propel the vehicle through the water. It includes the motors, transmission, steering linkages, fins,
and controllers. In this analysis the propulsion system does not bedween alternate
architectures.
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UUV Power System

The UUV power system includes the interfaces, components, and computers that provide
power to the UUV system. The power system includes power monitoring, power regulating,
power switching, power generation, and power protection systémghis analysis the power
system does not vary between alternate architectures. It is assumed that the power system
provides sufficient power to sustain the power draw of the system during mission execution. The
power source is a hybrid power sourcensisting of a lithium ion battery system with a
secondary fuel cell power system to recharge the battery and provide additional boost power
when needed. The addition of a fuel cell gives opportunities to refuel the system while in
operation and thus sash or increase its area coverage.

The power consumed by the individual systems was not calculated or estimated in this
analysis. It is understood that the power draw of the individual systems can have drastic affects
on the type of power generatiogstem needed and the definition of the vehicle architectures.
Further study will be needed in the future to determine the power needs of the next generation
system.

Neutralizer

The UUV Neutralizer system includes the components necessary to render @omine
operational. Neutralization could include destroying a mine, neutralizimgna$§ ability to
detect a vehicle, or detonate mine to make iinoperable In this analysis, the focus was
maintained on evaluating vehicle systems that would fulfill tearching, detection,
classification, and identification functions of the future system. With that caweahighest
priority for the Marine Amphibious force is to know where the mimeslocatedo that they can
be avoidedan effective netralization mehod that was used in this analysis.

It is reconmended that the neutralization component famdtion should be allocated to
another low cost vehicle. This [secause performing neutralizati@arries the risk that the
vehicle performing the neutization can also become disabled or destroyed when executing a
neutralization tactic.This is another area thatrecommendetbr a follow-on in depth study.

b. OTH Communication System

The OTH Communication system includes all the components necessatgwicover
the horizon communications between the MElkt Platformand the MCM vehicle.

Figure32 shows the expected communication services intermé external to the MCM
Advanced System. Althoudfigure32 shows the OTH communication systemrgsrnal to the
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advanced systenthis service could be provided/la system external to the MCM Advanced
System. Thehree alternative architecturesplorel the differences between this communication
serviceprovided by a system developed for the MCM Advah&gstem or provided by an

existing system.
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Figure32. MCM Advanced System Conteand Interfacingdiagram

This diagram illustrates the interfaces between system components atastidatformrfvV LQWHUIDFH ZLWK WKH

amphibious force.
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c. Host Platform MCM System

The Host Platfom MCM Systemcontainsthe Host Platform Ordinance Distribution
System (HPODS), the Host Platform Launch & Recovery System, (HRRSHost Platform
MCM Communication System (HPMCS), the Host Platform MCM C2 & Processing System
(HPMC2PS) and the Host Rtform Fuel/PoweDistribution System (HPFPDSubcomponents.

Host Platform Ordinance Distribution System

The HPODS system contains the components that store and distribute ordnance aboard
theHost Platform It is envisioned that the neutralizer on th€EM UUV is considered ordnance
and will be handled asush. The system needs to handle and dtoeeneutralizer separately
from the MCM UUV. The neutralizeroenponent is not addressed in thiglysis as previously
discussed. tlis recommended that aher studybe developed to investigate impacts and
solutions for handling the neutralizer aboard the MB&&t Platform

Host Platform Launch & Recovery System

The HPLRS system contains the components to sadeiych and recover the MCM
UUV. This componenivasnot addressed in the alternative analysisiairdrecommendd that
another study investigatee impact and solutiorfer launching and recovering the MCM UUV
aboard theHost Platform

Host Platform MCM Communication System

The HPMCS contains the components that enableltis¢ Platfornto communicate with
the MCM vehicle via the OTH Communication system. The communications between the MCM
UUV and theHost Platformare shown irFigure32 andFigure33.

Host Platform Command and Control Processing System

The HPMC2PS contains the components that enetie Host Platformto command and
control MCM vehicles. It contains the processing for creating tactical overlays of the AO and
programs the UUV with routes and guidance. The HPMC2PS pools information from the UUVs
to determine where gaps in the mimgds exist, and creates routes for the amphibious force to
navigate to the beach. The HPMC2PS also makes neutralization plans based on processed
information.

Figure32 displays the MCM Advanced System context diagram and how the HPMC2PS
passes information off the Host Platform Command & Control.
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Host Platform Fuel/Power Distribution System

The HPFPDS system contains the components that fuel or store power to the MCM
system while it is on thélost Platform This component is not addressed in the alternative
architecture analysis and it is recommended that further study be conducted to investigate the
impact and solutions for handling fuel/power for the system whieaa the MCMHost
Platform

d. Local Operate MCM System

The local operator MCM system consists of personnel and components necessary to
operate a remote vehicle and to launch and retrieve an MCM vehicle. For architectures that
contain remote controlled MCMehicles, the local operator team is required to be nearby to
control the vehicle

2. Host Platform MCM Communication SystemSub-Components

Figure 33 depicts the detailed base design of the Host Platform MCM Communication
System component.This component was further broken down into shared base components
across alternatives because o tomplexity of the componentComponents shaded gray in
Figure 33 indicate components that were changed across alternatiMas.following section
further detailshie Host Platform Command and Control Processing Systeraosuponents.

Host Platform
MCM
Communication
System
33
ST
HP MCM HP MCM HP MCM Hll{ot/'tgrr'v' HP MCM HP MCM
Radio Server Server Pwr A Antenna Recorder
oo Switch e
3.3.1 332 334 335 33.6 3.3.7

Figure33. Host Platform MCM Communication System Component Diagram

This diagram depicts theubcomponents ofhe Host Platform MCM Communication Systeomponent.
Components shaded gray indicated components that varied across alternative architectures.
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a. HP MCM Radio

The radio component of the HPMCS varies between alternatives and is dependent on the
level of autonomy applied to the architecture. Dependingthe level of autonomy the
bandwidth of the radio system have been adjusted to accommodate the data needs.

b. HP MCM Server

The HP MCM Server stores, retrieves, and transmits data to the HPMT2&#&nding
on the alternative architectuti@is component magr may not be part of the system.

c. HP MCM Server Power
The HP MCM Server &ver component delivers filtered and surge protected power to
the HPMCS. This component was not addressed in this repod it is reommended that
another studynvestigatethe impact and solution®r handling the power for the HPMCS.

d. HP MCM Router/Switch

This component routes andablesnetworking of the Host Platform MCM system. This
component varies depending alternative.

e. HP MCM Antenna

This component enables the HP MCM Rath transmit and receive information from
the MCMUUV component It is considered a separate component from the HP MCM Radio
because the component needs to be mounted to the host ship. Deperttimglternative this
component maglreadybe part of theHost Platform or will need to beouted to and mounted in
an optimal location. Further study wileedto be performed to choose thptimal location for
an antenna. Determination of optimal location is outside the scope of this project.

f. HP MCM Recorder

The HP MCM Recorder records all mission parameteosderto be retrieved for further
analysis or trainingFurtherstudy on this component was outside the scope of this project.

111



3. Host Platform C2 Processing System Sul&omponents

Figure 34 depicts the detailed base design of the Host Platform Command and Control
Processing System component. This component was further broken down into sharsdbba
components across alternatives because of the complexity of the C2 Processing System.
following section further details the Host Platform Command and Control Processing System
sub-components.

Host Platform
MCM C2
Processing System
3.4
HP C2
HP C2 HP C2 Human
Computer Display(s) Control
34.1 342 Interface
343

Figure34. Host PlatformCommand & Control Processing System

This diagram depicts theomponents in the Host Platform MCM Communication Systeomponents shaded gray
indicated components that varied across alternative architectures.

a. HP C2 Computer

The HP C2 Computer system pesses the incoming data from the MCM UUV. The
computer system creates the functionality to command and control the MCM vehicles. It
coordinates information with the Host Rtatn command and control center with the number of
computers varying between thkernatives.

b. HP C2 Display(s)

The HP C2 Displays shows MCM vehicle status, maps, tactical symbols, sensor data, and
user information to the operators. The number of dispéng information varies between
alternatives.

c. HP C2 Human Control Interface

The HP C2 Human Control Interface contains all the components that are used to
interface the human operator to the MCM system. It contains items sumnt@sl panels,
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keyboardsmice or trackballs, joysticks and other controls that are used to operate the MCM
system. The number and type of interface varies with the different alternatives.

D. FUNCTIONS MAPPED TO SYSTEM COMPONENTS

Table 9 depictsthe allocation ofthe Search, Detect, Classify, ldentify, Engage, and
Communicate functiongo the MCM Advanced $stem components. It should be noted that
Table9 distinguishes that the allocatiedifferent, depending on the alternatiby designating
the letter "A" for alternative. The letter "X" indicates the funci®allocaed to the component
regardless of alternative.The varied components in the mapping correspond to the varied
components ofFigure31.
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TableO. FunctionsMapped toSystem Components

This table listsTop Level functions and sublevel function allocated to system compoden#dlocated to all Alternatives, A=Alternative Specific
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E. REQUIREMENTS MAPPED TO SYSTEM COMPONENTS

Table 10 depicts a mapping of requirements to MCM system componefighle 10
distinguishes that the allocation is differedepending on the alternative, by designating the
letter "A" for alternative. The letter "X" indicates the function is allocated to the component
regardless of alternativeMore details regarding each alternative can be found in Appendix E.

Tablel0. MCM Advanced System Componemtspped taRequirements

This table listssystem equirements allocated to system componefitsAllocated to all Alternatives,
A=Alternative Specific

Note: Requirements RE10.0 through REQ 18 are not included in the analysis because they
are not differentiators in the discrimination of the alternatives.
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1. MCM Advanced System Componentgor Clandestine Operations

To design the Advance MCM system to meet the clandestine operational requirements,
the requirements have been allocated to the system components asTsieviO for special
design considerations for the following reasons:

a. If the navigation systemompaments are not precise enough, tgyy demand more
human intervention.It would also require the UUV to surface more often to correct
for navigation errors and thus be expos$edobservation. This concepiasbeen
explored further through modeling asidnulation and is detailed later in thieport.

b. The communication network and functionality can affect the ability of being detected
by the numbenf communication attemptand method of communication with the
vehicle. If the communication network has a design with floating antennas, they
could be detected by observation from the shore. If the communication network has a
large electromagnetic transmission, it could dsopicked up, monitored and can
give away system movement dataThis concept has been explored further in
establishing communication networks the individual architecture.

c. The propulsion system of the vehicle can affect the UUV's ability to be clarelbgt
creating noise that can be detected.

d. The power system of the vehicle can affect the ability of detection by not having
sufficient endurance. This creates the demand for human intervention to recover or
refuel he vehicle and thus be expogedietction.

e. The neutralizer component can give away intentions bynarely detonating
mines that are whin observation from the shoréus giving away the intentions of
the landing force.

f. The launchand recovery of MCM vehicles from théost Platformcan compromise
the detection of the vehicle. For example the MCM vehicle could be observed when
launched from a surface platforar dropped fom an air platform. However, the
systemmay not be detected when it is launcheahf a subsurface platformr when
it is launched froman air or surfaceplatform duringtimes of limited visibility. This
reportfurther suggests wa the vehicles can be launched, however, it dmsgo
into depthon this subject as this area is beyond the scope of this repdri
recommended fdurther investigation.
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2. Navigation Requirement vs. System Components

The MCM vehicle navigation sensors, computers, and propulsion system can affect the
ability of the vehicle to track its heading, speed, velocity, acceleration, andéaditul longitude
position. The alternatives explardifferent ways the vehicle achieves navigation requirements
while propulsion remains the same for all alternatives. The communication system impacts the
navigation for some of the alternatives sincasitused to aidthe navigation system.t Is
imperative theHost Platformtracks the navigation results to plot mine contacts and vehicle
status.

3. Operational Mode Requirements vs. System Components

The ability to perform autonomous opeoas has beenllacated to thenavigation
systems, processo@nd communications systems of the Advanced MCM system. It is has been
observed and noted from subject matter experts that the ability to process information and
communicate has direct effect on autonomousehavior. The navigation system has been
allocated to operation mode requirements because it directly affects the MCM $§yigity to
make decisions. A system with a poor navigation solution cannot operata gh level of
autonomy and would regqe human intervention. Therefore the alternative architectures
exploral different levels of autonomy and how it affects tiverall system performance.

4, Processing Capability Requirements vs. System Components

The processing capability is allocated tce ttomputer systems of the altaima
architectures. However, processing is a#lmcated to the communication system. The
communication and navigation systems have a direct effect on supplying information that must
be processed for creating target nép@and vehicle status information.

5. Communication Requirements vs. System Components

The processing capability is allocated to the computer systems, communication systems
and command and control systems of the alternatives. The different alternativesfferent
levels of autonomy are explored to show the effects on these components.

6. Endurance

Endurance is affected by the body shape, propulsion system and power system of the
vehicle. However, the navigation and processing system can affect the gystarance by
optimally steering and adjusting the speed of the vehicle to increase its enduraeagifferent
alternatives werassessed for endurance through modeling and simulation and are discussed in
later sections of this study.
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7. Operational Environment vs. System Components

All the components of the MCM vehicle are affected by the operational environment.
However, the alternative architecture analysis did not evaluate the effects of the environment on
the components.

8. Deployment Distance Requirerants vs. System Components

Presenting solutions to satisfy deployment distance requirement is outside the stated
functioral boundaries and wer®t analyzed further in the reportlowever, components that
affect this requirement are givéaere for futureonsideration:

a. Propulsion System, Power System, and Deployment Point. It is asshatehe
deployment point for the vehicle may be in the area of interest (Al) but not in the
AO. If the power system cannot support the power drathedystem whilethe
vehicle transits from the deployment point to the AO and conducts its mission, the
distance from the deployment point to the AO must be shortened.

b. Communication system does not support the operation of the vehicle. If the
communication system doestrsupport the communications between the vehicle
and theHost Platformbecause the vehilis out of communication rangthe
distance between the vehicle and st Platformmust be shortesd.

C. Navigation error. Iferror builds up incomputingthe navgation solutionwhile
the vehicle transits tthe AO, the deployment distance must be minimized to
support navigation offset requirements.

9. MCM Mission Requirements vs. System Components

The system components consisting of processing systems and comionrigstiems
affect the Advanced MCM\&tem$§ ability to detect and classify mines. It affects the ability to
perform collaborative searches within the AO. The alternatives architectures expfteeent
options to meet these requirements.

F. STANDARD VEHI CLE CONFIGURATION

The capability gaps explored were conducted assuming aasthmdhicle system
architecture description with variatieron the configuratioof components to enable autonomy
and real time communication networks'his scope was chosen &bso not repeaprevious
research and ttake apath that was not yetxplored. A standard vehicle descripti@nableda
focuson exploringthe technologicalemand thawill be needed in the 10 to 15 year range to
successfully field the system.
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The main UUV system for the AdvancedCM Systemis theSelf Propelled Underwater
Detection Systemor SPUDS. The concept 8PUDS is to create a vehicle that maingahe
envelope of a MK46 or MK-50 lightweight torgdo while stored in pre-launch state Keeping
the standard vehicle within this envelop offessveral advantagesof which, the primary
advantage is interoperabilityThe SPUDS vehiclenabésaircraft and ships that are configured
to launch and store torpedoes to be able launcBR4DSvehcle with little or no modification
or additional testing.Figure36 andFigure 37 showthe physical envelop of the SPUDS vehicle
which is identical to the MK50 torpedo dimensions.

Severalother advantagesere realized in using a torpedo shafée dimensiors of the
MK-46 andMK-50 lightweight torpedes providea familiar configuration for existing modeling,
simulation and analysis toolsAltering the physical shape and size significantly from this would
cause other factors that would then have to be considered during the alternatives analysis. These
factorscould potentially be integration with ldost Platform an increased logistical footprint,
and changes in vehicle speed and endurance that could be achieved with a larger vehicle storage
space for fuel. It was also decided that the size of the undervedtietesshould be limited in
size due to the need to be able to carry out operations in the VSWeaessitating a small to
mid-sized platform Additionally, keepingthe vehicle weight and center of gravity within the
envelog of the Mk-46 andMk-50 allons standard bomb racks such as the BRUfound on
MH-60 helicopters to launch the vehicli&.should also allovihe program to skip captive carry
and jettison testing on the M6DR, SH60B, and P8 air platforms.

Technological assumptions made for thiesfea SPUDS platform include:
a. Ability to fuse data from multiple sensors and subsystems (Data fusion)

o This would allow the system to be able to combine data from multiple
navigation and sensor componetatprovidemore accurate positional and
threat dataltan one component alone could provide. SPUDS sensor data
could be combined together and analyzed to increase the probability of
detection and correct classification

b. Increase in the endurance ability of battery cells
c. Use ofthecommunication network forigher bandwidth data transfer and longer
distance communications
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1. Standard Vehicle Details

A depiction of the overall systeflV SK\VLFD O | RriJAgute\85V RhR ¥edicle
should comply with th@hysical characteristics th#te electric motorgas shown irFigure 35)
would have to be retractable within the envelope of the systéts prelaunch state The same
is true with stabikation fins, aghese wouldalsohave to be equipped with a retracti@ature.
Any sensors would also have to be able to fit within the envelope.

Figure 36, Figure37 andFigure 39 further shows more details of the SPUDS vehidle
is envisioned that this vehe&lcan be launched from a variety of platforms and thus enable it to
be seeded into the AO by subsurface, surface or air plafoifhe vehicleshouldweigh no
more than 798 Ib maxThis weight is derivedn the weight of thélk 46 orMk-50 torpedo.
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Figure35. SPUDS Deployed States
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Figure37. SPUDS Prdaunch ReaView

This figure shows the envelop dimensimfithe SPUDS vehicle in the prelaunch stdtee prelaunch dimensions
are essentially the same as a M&torpedo allowing stowing in already existing torpedo racks.

Figure 38 shows the recommended launch envelop for the SPU&le that was
derived from the configuration control drawing ftne MK-50 torpedo(Torpedo MK50
Configuration Drawing, 1982) The vehicle should be designed to riae lessruggedthan the
MKk50. In other words, it should be ruggedough to be launched from a surface vehicle using
rocket assisted launch, much teme asn AnttSubmarine RocketASROQ or dropped from
air platform such as a P8 or M&0 helicopter It should be noted here that an argument can be
made that an air launched or rocket delivered SE®Weéhicle will compromise the stealth or
clandestineoperation requirement (REQ 1.0l the case of a rocket assistadair launch, the
standoff distance of the taskforce can be greatly increased while still allowing theSSPUD
vehicle to transit undetected to the AO when it reaches a certain drop point.
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Figure38. Launch Envelop for SPUDS vehicle

The figure above shows the launch envelop that is applicable to the SPUDS vehicle.
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Considering that employment of deception is a core fundamental to US military doctrine
for amphbious breaching operations, the employment of less stealthy launch options such as
surface, air, or rocket assisted launches are v{dblat Publication 2, 2009) SPUDScan be
delivered into the AO when US forcese conducting activities such as bombing or cruise
missile attacks during hours of limited visibility and remain dormant until needed. Even if a
SPUDS vehicle is observed entering the water during such an activity; it can be misinterpreted as
a weapon wstem malfunction and thus mask its real intended purpose. Again the argument
could be made that a bombing raid will alert the enemy that something is coming. However, US
forces conduct bombing raids for a number of reasons to include deception. Angamndi
does not necessarily signal or pin point a location where an amphibious operation is going to take
place. Ideally the best way to insert the SE@hicle into the AO is to insert the vehicle via a
submerged platform, such as a submarine. Howéwris is the only way to insert the vehicle;
it limits the options for the Navy/Marine Corp team and takes away a much needed flexibility.

Another argument can be made that a SBWBhicle cannot be made to survive an air
delivery or rocket assistetlvery system.However, again we must consider the MK46 or MK50
torpedo, from which this concept is derived. The torpedo is an example of an autonomous
vehicle with a much older technology that is able to survive these types of delivery systems.
Therebre, the Navy should considered challenging industry to build a vehicle that can be
inserted multiple ways to include rocket assist and air dropped deliveries systems.

Theprelaunch state of the SPUDS vehicle as showkigure36 andFigure37 allowsit
to be configured for rocket assisted laun®tthenusingtherocket assisted launch configuration
the vehicleis designed with a parachute deployment mechanism that allows a evdtgr
velocity of 150 ft/sec at 90 degrees. The parachute decslérateehicle froma speed of 800
ft/sec to 150 ft/sec. Once the vehicle transgifnom prelaunch state to operational state it
extracs its motorsout of the housings shown inFigure 39. The motors are speed variable,
reversible, andndependento allow for steering and maneuverability.
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Figure39. SRUDS Top View Showing Conceptual Layout

This figure shows the conceptual physical configuration layout of the SPUDS vehicle.

It is expected that the endurance and speed of the SPUDS is at least that of the most
current version of the MK18 UUVs. Althoughis investigation has not performed a power
analysis to confirm or deny that the SPUDS vehicle power system supports the number of
components for the expected endurance, the assumption was made that technological
developments will, in the next 11b yeas, allow the SPUDS vehicle to achieve these levels.

2. SPUDS General Component Solutions

Table 11 provides a general overview ofetttomponent solutions that weneed in the
standard SPUDS architectureThis sectio further details the general systems of the base
SPUDS vehicle.
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Tablell.

SPUDSArchitecture Components

Tablel1 describes the various component solutions to the standard SPUDS physical arehitectu

SPUDS Architecture Components

Component Sub Component USE
Temperature Sens{ Temperature used to calculate speed Depth and
of sound
Inertial Navigation Provides Heading, $ed, 3dim velocity, 3dim
System acceleration, antat/Long
Navigation GPS Provides Hading, S_peed,-ﬂim velocity, 2dim
acceleration, and Lat/Long
Doppler Velocity Provides Speed, Heading, Velocity
Log
Pressuriepth Used to calculate Depth
Transducer
Mission Mission Processor| Used to calculate mission profiles

Processing

or Interface Box

Communications

Radio Used to communicate above water
Acoustic Used to Communicate below water
Communication
Device

Recording System

Used to record mission parameters and sensor g

Has 4 DCreversible engines that articulate used {

Engine propel vehicle through water
Propulsion Steering/Retractior Used to extend/retract engines into body. Also
System articulates engines for steering
Engine Controller Controls DC power to engines.
Battery PrimaryPower source for vehicle
Power Power Generator Secondary Power source for vehicle
Power Switch Used to control On/Off power for vehicle
Controller
Magnebmeter | Used to detect metal bottom and buried mine
Sensor(s) objects
Magnetic Used to preprocess magnetic signals and co
Controller reeling machine
Processor
Sensors Magnetic Real | Extend Magnetic Sensors away from vehicle body.
Machine
Optical Used to detect moored and bottom mines.
Fwd Looking Sona Used to detect moored mines
Right ScarSonar Used to detect Moored and bottom mines

Left Scan Sonar

Used to detect Moored and bottom mines
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a. VSW Sensor Package

The MCM sensor package as shownTable 11 for the SPUDS vehicle is the same for
all alternatives with a few minor exception§incein the VSW environmentt is extremely
difficult to detect and classify mingthe SPUDS vehicle engys multiple sensors tsearch,
detect,classify, anddentify minelike objects. The SPUDS vehicle contamesttime tracking
magnetic gradiometers and laser scalar gradiometers to provide capabilitiap bottom and
buried tagets. SPUD&ontairs forward looking and side scan sortarsearch, detect, classify,
and identifymoored and bottom targetsMultiple electreoptical sensors withinfrared (R)
illumination provide SPUDS with situatioral awarenessA) and identificatiorcapabilities. The
different alternatives further explored different methods of processing raw data, looking into the
difference between eboard and ofboard data processingTable 12 contains the general

subcomponents of the SPUDS sensor package.

Tablel2 SPUDSSensor Package

This table shows the standard MCM sensor package on the SPUDS Vehicle.

Sensor System

Subcomponents

Number

Magnetic
GradiometeSystem

One Extendable Sensor Cluster containing
Magnetometer Sensors

3 Magnetometer
Sensors

Reeling Machine for Magnetic sensor 1

Magnetic Controller Processor 1

Sonar System Fwd Sonar Transducer 1
Side Scan Sonar 1

Optical System CCD/LED (LED will provideillumination) | Alternative
Dependent

b. Propulsion System

The propulsion system of the SPUDS vehicle consists of four DC electric reversible
motors and is standard for all three alternative architectures. This report does not address the
size of the electric engines. However, the engines should not be alslamMama more than 2
amps at startup and should create 1.2 horsepower at peak. The propulsion system has a motor
controller to regulate the individual motor speeds and the directional spin (clockwise/counter
clockwise) of each individual motor. The motantroller also directs the steering/retraction
system. The steering/retraction system extends or retracts the motors from the SPUDS body. It
also articulates the motors to provide steering. The motors are fitted with a propeller and shield

to protect tle propeller during operation.
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c. Power Distribution System

The power distribution system is composed of a battery unit, power generator system,
and power switch controllerThe battey is the primary source of power for SPUDS, consisting
of rechargeable Lion batteriesor Li-Poly batteries. fe power systeralsocontains a power
switch controller to turn on and off systems @adegulate power usage. This system must be
able to communicate with mission processors for vehicle status and power management

A Fuel Cell Energy/Power System (FCEPS) augmedrgsbattery system with a refuel
able charger to extend the endurancthefSPUDS vehicle. Althougdhel cell technology is not
ready today to provide powenrf UUVs, the technology iglausiblein the 1015 year timeframe
because oturrentcommercial economic pressuresftwther develop electric anlybrid cars.
In a report by the Hawaii Natural Energy Institute, it was indicdted the FCEPS lok
promising for neafuture UUV applicationgDavies & Moore, 2006) Further research should
be conducted into covertly refueling or recharging the SPUDS vehicle wihiéway to sustain
its endurance as this was outside the scope of this project.

d. Neutralization

In an effort to propose a potential solution for the neutralization architecture, the
following hightlevel concepts are recommendeaccomplish the neutralization task:

1. Map and Avoid the Mine: A mine iffectively neutralized if its location is known and it
can be avoidedThe tactical oversight will be respsible for developing emap showing
locations of mines and routes arouad throughthem. This tactical map must be
communicated to the amphibious forcéigh will assign routes tandividual landing
craft vehicles. The vehicles must have the ability to navigate the routes precisely with
navigational aids originating inside the amphibious vehicles.

2. Develop a low costehicle to neutralize the minesdn some instances, it may not be
possibleto avoid the mims. It is recommended that a separate expendable UUV with
search and detect abilities should be considered for neutralization. The constraints and
potential adverse effects of the neutralizers (jamming, explosions, and battery drainage)
on the UUV could be catastrophi@s a result, a secondary vehicle is recomdsal to
perform the neutralization. In this case, SPUDS wouldave to be equipped with the
ability to direct and even contrahe secondary vehicle, especially in the case foll§
autonomous system. Neutralization in this case can be performed severalhaysst
RSWLRQ ZRXOG EH LQ WKH IRUP RI PLQL 3S\WRUSHGRHV"~
second option wdd be to useslectronic warfare (EW) technologies #om) or disable the
mine fuse or mine ssor via an expendable vehicle that wolle equipped with
jamming or electromagnetic disabling technologythird option of neutralization would
use deflagration Deflagration is achieved when propellant, thermpgrotechnic, or

130



VROLG UHDFWLYH PDWHULDOV SHQHWUDWH D PLQHTV
charge(Institute for Defense Analyses, 2005)

3. Use existing assets to neutralize mines: Once routes have lieemided fromthe area
mapping,a precise targeted mine field location can be communicated to forces with
neutralization assets. For example the targeted mine field location can be coatetln
to Air Force or Navy assets that can drop JABS rinoims to achieve neutiaation.

Due to the limited timeframand focus of this project, developing mine neutralization
methods wasonsidered awside the scope of thigroject. Undersea mine neutralization is a
complicated andhtricate subject to study and will need furthéeation in future efforts.

G. LEVELS OF AUTONOMY

To remove the man and mammal from niielel operationsfuture MCM vehicles must
be designed to operate with some level of autonomy. The National Institute of Standards &
Technology (NIST) definedvarious levels of autonomy in Speciaulffication 101{NIST,
2004) It defined autonomous as

Operations of unmanned systems (UMS) wherein the UMS receives its mission
from the human and accomplishes that mission with or witfurthe Human

Robot Interaction (HRI). The level of HRI, along with other faars such as
mission complexity and environmental difficulty, determine the level of
aubnomy for the UM3NIST, 2004)

There are four levels dutmomy in UMS which includeFully Autonomous, Semi
autonomous, Teleperation, and Remote Contrdh this report, systems that wesgplored as
recommended solutions for the problem statementFatly Autonomous/SerrAutonomous
(Alternative One), Teoperated (Alternative Two), and Tedperated/Remote Controlled
(Alternative Three).

Table 13 showsdefinitions for autonomy in relation to unmanned systems. Thedet
of definitions comes from the Unmanned System Integrated Roadmap FY -20B6
(Unmanned Systems Integrated Roadmap FYZ36, 2011) and the secondrom NIST
Special Publication, Autonomy Levels for Unmanned Systéd$=US) Framework(NIST,
2004) For this report, both definitions were used sitike Unmanned Systems Integrated
Roadmap definition related to a more hurt@sed definitiorand theNIST Special Publication
definition relates rore to the system aspectt is important to use both of these definitions
because considerations for autonomy should include the role of the human and the system.
Appendix Dfurther detailsconsiderations for implementing different levelsanftonomy inan
MCM system.
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Tablel3. Levels of Autonomy

The table compareadefinitionsof autonomyfrom the Unmanned Syans Integrated Roadmapdefinitions by
NIST Special PublicatiofiUnmanned Systeniategrated Roadmap FY20:2D36, 2011; NIST, 2004Autonomy
Levels for Unmanned SystemH.is important to undeatand the approach of each definition #imelrelationship of
the humarfor each level of autonomy.

Level of Unmanned System Itegrated NIST Special Publication, Autonomy Levels
Autonomy Roadmap (20112036) for Unmanned Systems (ALFUS) Framework
Full Autonomous Fully Autonomous
The system receives goals from | This is a mode of operation of an unmanned
humans and translates them into | system (UMS) whegin the UMS is expected to
tasks to be perfoned without accomplish its mission, within a defined scope

1 human interactionA human could | without human intervention. Note that a team
still enter the loop in an emergency UMSs may be fully autonomous while the
or change the goals, although in | individual team members may not be due to th
practice there may be significant | needs to coordinate during the execution ofrtea
time delays before human missions.
intervention occurs.

Human Supervised Semi Autonomous
Thesystemcan perform a wide A mode of operation of adnmanned system
varietyof activities when given top| (UMS) wherein the human operator and/or the
level permission or direction by a | UMS plan(s) and conduct(s) a mission that

2 human. Both the human and the | requires various levels of humanbot interaction
system can initiate behaviors base (HRI).
on sensed data, but the system ca|
do so only if within the scope of its
currently directed tasks.

Human Delegated Tele-operated
The vehicle can perform many A mode of operation of nmanned system
functions independently of human | (UMS) wherein the human operator, using vidg
control when delegated to do so. | feedback and/or other sensory feedback, eithe
This level encompasses automatiq directly controls the actuators or assigns

3 controls, engine controls, and othe incremental goals, waypoints in mobility
low-level automation that must be | situations, on a continuous basis, from off the
activated or deactivated by human| vehicle and via tethered or radio linked contro
input and must act in mutual device. In this mode, the UMS may take limited
exclusion of human operation. initiative in reaching the assigned incremental

goals.
Human Operated Remote Piloted
A human operator makes all A mode of operation of a Unmanned system
decisions. The system has no (UMS) wherein the human operator, without
autonomous control of its benefit of vid® or other sensory feedback,

4 environment although it may have| directly controls the actuators of the UMS on a
informationonly responses to continuous basis, from off the vehicle and via 3
sensed data. tethered or radio linked control device using

visual lineof sight cues. In this mode, the UMS
takes no initiative and relies oorminuous or
nearly continuous input from the user.
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H. ALTERNATIVE ARCHITEC TURES

1. Alternative One

The Alternative One solution revolves arounthe concept that the MCMorce deploys
fully autonomous systems and activates them upon the start of MCM mission. The fully
autonomous systems can be launched from mulpf@dorm typesand lie dormant until the
MCM Host Platformarrives on station. It is envisioned that tHest Platformis a littoral
combat ship and that Alternative One makes up a MCM mission module for the shighighe
(or Host Platformy monitors and assigns tasking #n underwater vehicle (UUV) via
acoustic/adio signas as shown ifrigure40.

Communication /
Navigation Buoys

Figure40. AlternativeOne Operational Concept

This figure depicts the operational concepaternativeOne derived fronfFreitag, 2005)The underwater
vehicle relays search information back to a MCM ship using a stidticered radio link. The data is first
transmitted to an air platform, attien relayed back to a MCM ship.

Central to this aéirnative is the idea th#te SPUDS vehicle is a fully automous/semi
autonomous vehicle. It processes MCM/navigational sensor datareattime to navigate,
collaborate with other vehicles, andgearch, detect, classify, aitentify mines without hurn
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intervention Realtime mine mission analiss (MMA) is processed on board thehicle itself
This alternative leasthe option of PMA, inthat sensor datia recordedonboard thevehicle to
be retrievedat a later time The primary advantage of Alinative @e is the reduced personnel
and infrastructure to conduct MCM operations this option theHost Platformcan control
many SPUDS vehicles with a minimum number of people and resources.

Figure 41 depicts the Alternative One concept vehicleheThuman has no ability to
physically see the vehichhile it is conducting its missiodue to the MCM ship beinm an
OTH location. For this reason, the underwater vehicls havigational sensors and computer
power to understand its location underwat€his is done throughmavigationcomputer systems
that UHJX ODWH Vépekd, dikektibfQrevgVand accelerationss it gudes the vehicle
through a MCM operation. ThEost Platformassigns patterns, waypoints and tasks to the
YHKLFOH EXW LW LV WKH YHKLFOHfV UHVSRQVLELOLW\ WR
accomplish the mission. In order to accomplisis task, the navigation system depends on a
number of schemes to keep the vehicle on course and on trllck biggest obstacle to
performing navigation is doing it covertly. In order to meet the clandestine requirements, the
vehicle must stay submergedrfmost of its mission. In this concept, communication and
navigation aids are provided by establishing an autonomous buay field

SPUD deployed
Operating state

SPUD Fully
Deployed
Operating state

SPUD Pre-Launch
and dormant state

Magnetic
Sensor

Figure4l SPUDS Vehicle: Alternative One

This figure depictshte way the magnetic sensor is iged from the Alternative One SPUDS vehicle.

a. Alternate One SPUDS Vehicle Concept
The concept for the SPUDS propulsion system, power distribution system, and MCM
sensor system remains the salmebase MCM Advanced Systerdlowever the components of
the navigation system, mission processing system and communication system differ from the
other alternatives in redundanclyigure42 shows the component diagram of Alternativeey
breaking out the components of the system.
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Figure42. Alternative One Fully Autonomous SPUDS Component Diagram

This figure depicts the coropentdiagram of Alternative Onel he vehicle consists of navigation, mission processing, communication, power, sensor, and

propulsion systems.
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Alternative ne utilizes three independent navigation systems that are weighed against
each other to minimize navigah errors. In this system there are 3 independent Inertial
Navigation Systems (INS) that provide headingli®ensional velocities, and latitude/longitude
position. The use of three independent systems provides the abilitye a voting system for
naugation error correction. This gives the ability to correct for one of the systems being
incorrect. If there were only twdNS systems and they are in disagreement, there is no way to
correlatewhich system is correctA minimum of threeIlNS systens provides the ability to
differentiate which system is out of tolerance and thus provide error correctibreliability
The INS computers interface to three independent mission computers as shieigarév3.

The mission computers contain the main functionality for computing the navigation solution. In
addition to the INS computers, the mission computers interface to a Doppler Velocity Log
(DVL) device, and pressure/temperature sensors. The computers compare navigation solutions
and create error corrections for the INS systems. Since INS are prone to accumulative error drift
for far distance and long time navigation, two different approaches ae talcompensate for

errors by creating a synthetic navigation solution.

The first approachitilizes information coming from M® sonarand DVLand compares
this informationto a database model of the terrain to create a 4eétm bathymetric system
(MBS). This approach wasggested in a study using underwater synthetic navigation with INS,
sonar, and a sequential similarity detection algori(ghang, Meng, Zhao, & Shao, 2009 his
approach uses a technique to prowdeor correction to the INS of the UUV by matching the
background field coming from the bathymetric data that is provided by the sensor system to a
vehicle target location using virtue of matching algorithms. A conceptual progdsisiok
diagram of thisnethod isshown inFigure44.

The second methochlculates theange toa known point as shown iRigure43. Inthis
concept an acoustic/navigation buoy with a GPS receiver is planted in theTA@SPUDS
vehicle queries the buoy and the buoy responds back with an encoded signal containing the
buoy's latitude/longitude location. The encoded location of the buoy is based on its position
obtairedfrom the buoy's GPS receivefhe time between the SPUDS vehicle querying the buoy
and the buoy's response can be used to calculate the distancenlibé&eUDS vehicle and the
buoy. The range can be more accurately calculated with the use of the SPUDS Yeateplkh
pressure transducers and DVLWWith the position and range of the buoy beingwn, the
SPUDS vehicle can use the informatit corret errors in the INS.This technique was proven
to be successful in a simulated experiment and document in an IEEE Jolr@akanic
Engineering in 2007Lee, Jun, Kim, Lee, Aoki, & Hyakudome, 2007)
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Figure43. Alternative OneConceptual Schematilock Diagramof SPUDS

This figure depicts a blockiagram model for Alternative OneThe figure shows the inputs and outputs to the system compordmsiifferent colors of
inputs and outputs from the various components help trace power requirements and Flgnedsl color indicates a power input, while black and other colors
show sensor inputs/outputs.
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Figure44. Alternative One INS/Multi BearBathymetric Navigation Processing

This figure depicts a conceptual block diagram for comparing the seabed topography with database topography and
calculated positions from 3 independent prooes$o correct INS drift erro&hang, Meng, Zhao, & Shao, 2009)

The different colors are used to differentiate positional data outputs from the processors. Essentially, the three
mission processors are comparing their data for better accuracy.
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Figure45. Alternative One Acoustic Navigation Buoy
This figure depicts the concept of correcting INS errors using navigation/communication(btieykag, 2005)

Using both techniquewith three independent systentee SPUDS vehicle should be
able to obtain high navigation perfornte for long periods of time-Howeva, if the systems fail
or acquire errorthe SPUDS vehicle can surface to obtain a navigation location from its GPS
receivers. Once this is dgrtbe SPUDS vehicle can align its INS systems with the coordinate
and continue on with the mission. If two oétthree navigation systems falle SPUDS vehicle
can augment its navigation solution with periodically surfacing to get a GPS fix.

In addition tonavigation, the MCM sensor systems outputs are interfaced to the three
mission processors. The mission processors independently fuse the sensor information and use
autotarget recognition algorithms to detect, classify, identify, and locate the mines aQain
the mission processors compare answers to confirm or deny suspected outcomes.
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The SPUDS vehicle is able to communicate by radio or acoustically by modulating its
sonar. The underwater communications is established with creation of an undeawvatsstic
communication system. In 2004, the REMUS project very succhsstsdtablished
communications usingrrequencyshift-key/ frequencyhopped ESK/FH) method in VSW/SZ
area(Freitag, 2005) The FSK/FH method employedutlity acoustic modem (UAM) operating
with a default data rate of 80 bps with overhead error correction that enabled 25 kHz underwater
communications with 4 kHz of bandwidthiThere is research being conducted that is exploring
underwater communicationsitv higher data rates and wider bandwidtifSome experiments
have created success in transmitting data rates from 3.7 to 11.@\Wdpdistances of 300 to
2500 meterg¢Goalic, Trubuil, Laot, & Beuzelin, 2010)

However, itis anticipated that these higher data rate are not needed because the amount
of data in the form of positional data, mine contacts, mine locations, and mine types is low
because the sensor data has already been processed. In other words, with theoraslatsens
being already processed and the vehicle guiding itself autonomously with very sporadic
communication needs, there is no need for high bandwidth communications. The low bandwidth
communications which adapts itself well to underwater communicasiomsld prove adequate
as demonstrated by the REMUS project. The primary communications are performed
acoustically with the radio as backup communication source. SPUDS communicates with the
Host Platfornthrough a buoy system detailed later in this sactid SPUDS vehicle is also able
to communicate acoustically with other SPUDS vehicles in performing collaborative search
efforts through the same buoy system.

b. Alternative One Host Platform Concept

The Command and Controtommunication systenused for the Host Platforns
composed of a Wi compatible radio, server, recorder/playback eystswitch and a video
encoder as seen kigure46. It should be noted that \ARi is a registered trademark of the-Wi
Fi Alliance (Wi-Fi Alliance, 2012)and is being used here in a generic sense of promoting a
commercial off the shel{COTS) solution for communications. Fuethdiscussion of this
communications concept isund later inthis report The WiFi radio provide the radio link to
the SPULS vehicle.
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Figure46. Alternative One Host Platfor@ommunication Systeif@iagram

This figuredepicts the components of the host vehicle platform.

Figure 47 depicts that the system only requirevo operating stationsone oversight
station, and one operating statitm control multiple SPUB vehicles. Since,the vehicles
themselve makedecisions on routes, mines, and mission accomplishingtscommand and
control personnel are drastically reducétbwever, he hunanmaintainsa very high level view
of the missiorand operations.
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Figure4?. Alternative One Host Platform C2 Schematic Block Diagram

This figure depicts the components of the host vehicle platféted lines indicate powenputs/outputs from the
different componentsvhile Hack lines indicate signal input/output.
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Figure 48 depicts the Host Platform Command a@dntrol Processing System for
Alternative Ghe. Communication between thidost Platformand vehicles is very sporadic. The
host queies the vehicle(s) for location and status. The vehicle respaitti location, vehicle
health status, minesetected, andnine locations when queried by thtost Platform Besides
queying the vehicle for statusnission operatar can give the vehicle(s) high level mission
changes by reprogramming routes, search patterns, and waypdiistsion operata have the
ability to take over guidance i selected vehicle for short amoanof time. Direct control
requires a continwustransmission which would use up thandwidthof the buoy networkfor
communications Therefore, direct control should be limited to times when wbkicle is
severely degraded, for example, steedrdjsdled vehicle to a pick up point

Host Platform MCM C2
Processing System

34
|
. UMS Host
UMS
Computer UMS Host Human
341 Display(s) Control
Y 342 Interface
343
| ]
| l — L. ]
Mission Tactical Mission Tactical Tacti
erator ersig i ; Mission actical
E)PC' ator 0_" ersight Operator Oversight Operator Oversight
Computer Computer Display Display 3435 3434

Figure48. Alternative One Host Platform GZrocessing Component Diagram

This figure depicts the components of the host velpilelform MCM Command & Control Processing System.

The MCM server storg and retrieve mission data for the MCM system. TMCM
switch routs updated tactical information to operating stations and the shipT®2.tactical
oversight position provides oxadl supervision of the MCM C2 system. Tipssition plans
routes, neutralization strategiesd vehicle missions based on analysis of the incoming data.
The tactical oversight overall responsibility is to develop the tactical map of the AO and
communi@te routes and mine field locations to the ship's C2. The$s@ip is responsible for
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passing this information onto the amphibious force. However, the shijgemet capabilities
give the amphibious force the abilityp query the overall MCM status ithout human
intervention.

The fully autonomous features presentedAiternative e provide the capability to
respond to higher order of directions from human operators. It creates a situation in which the
MCM operation can operate with an autamous netcentric capability. This alternative
removes the humans from the control loop and puts theloopnfor making tactical decisions.

It allows the MCM system to operate multiple MCM vehicles with the least amount of
infrastructure in the form of shisd personel.

c. Alternative One OTH Communications
Alternative O Q H §dmmunication system relies on the deployment ofow cost
autonomously operating communicatioavigationbuoys. This concept calls for the creation of
two dfferent buoys to enable OTldommunications between the MCM control ship and the
vehicles as shown iRigure49.

Failed

Control
Ship

Figure49. MCM communication path

This figure depictshe communication concept of routing a signal through buoy network field
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Figure50 depicts thevehicleto-vehicle communicationsin this conceptone buoy type
would serve strictly as an RF communication nodeand the other asan RF/Acoustic
communicatiomavigation node. There are two different physical communication layers with
this concept. One physical layer involves communicating via an RF wireless data link and the
other is by an underwater method using a FSK/FH.

Communication Communication /

Node /’ Navigation Node

Figure50. Communicatn/Navigation Buoy

This figure depictshe communication concept for communication and communication/navigation buoys working
with SPUDS vehicle

The communication buoys make up nodes that create a wireless integrated
communicationsnetwork with anunderwater acoustic network. With advancements in low
power circuits and networking technologies, the RF network nodes can last up to three years with
less than a 1% duty cycle working mode on 2 AA battgiYes Prasanna, & Krisamachari)
However, this type of time frame is not needed for the MCM operation; but it shows the area of
interest (Al) can be seeded with these types of buoys long before they are neeese buoys
could be seeded covertly during times of low \lgip in the Al and remaindormant until
needed. A number of means using the existing Navy infrastructure for droppingstsuay as
by air as shown ifrigure51. Dropped buoys are not recovered, but are designed to sink and
self-destruct critical circuitry upon command, or when battery sources run low.
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% =

Figure51. Air Drop buoys
This figure depictslifferentHost Platforns that couldseed the buoy network field

The communicationnodes are responsible for seliganizing an appropriate network
infrastructure with multhop connection betweenrsor nodes. The network seli-healing,
dynamically reconfigurable, with a random topolog¥he basic idea is that individual wireless
buoy nodes are limited, but the aggregate power of entire network is sufficient for all types of
communications. The MCMost Platformcan retrieve information of interest by injecting
gueries and gathiag results from the network.

Eachcommunicatiomodehasanindividual IP address making it unique in the network.
The communicatiomodesmaintain location and positioning information obtained from GPS to
enable localization techniquesThe communicatiomodes use the localization techniques to
optimally transmit data between the MCM control ship and MCM vehicle as shadvigure49.
This requires théuoy to not only be aware of its status, but tta¢usesof the buoys around it.
As a resultthe communicatiomodeis ableto route data through the network until it arrives at
its intended sinkwhich is the MCM control ship or MCM vehicle.

Note hat not allcommunicatiomodes will transmit data, thus allowifigr a lower duty

cycle on the sensor nodesnabling power conservationWhen bandwidth is needed, data is
aggregated across the network to expand the capabilities of communicatiorbeyorsl the
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scope otthis projectto identify the optimal protocol for this network. Howewielis suggested

that ZigBee |IEEE 802.15.4 protocol should be analyhadher for possibleimplementation
becausehis protocoldesign supporta low data rate,dw power consumption, low costesign

that targets automa®Q DQG UHPRWH DSSOLFDWLRQV = Lig%ahkgd , (((
limitations, typically between 10 and 75 meterBata protocols such as IEEE 802.11 with the
right kind of transmittéreceiverscanhandle ranges of u 100m. For ranges of up 2Km,
standards like GSM, 236, and 1995 should be studied for applicabiliiizrgen, 2004)

This report recommends using a -Wi compmtible radio for AlternateOne. As
previously stated WFi is a trademark name for the Wi Alliances, which is a noprofit
organization, whose goal is the adoption of hégleedwireless local area networkin@Vi-Fi
Alliance, 2012) It is used herén the generic sense to create a wireless system which uses a
radio that transmits and receives in the 2.4 GHz and 5 GHz frequency bands. The bandwidth of
these radios systems are 20 MHz. However, using IEEE 802.11n which introduces the use of
Multiple Input Multiple Output (MIMO) features, the bandwidth can be increased to 40 MHz
with data rates up to 600 Mbits/s by the utilization of channel bonding, spatial division
multiplexing and space time blocking codiiigriedrich, Fréan, Grrbner, & Lindermann, 2011)

It is beyond the scope of this report to examine the pros and cons of using or militarizing a
commerciallydevelogd standard for wireless communications. However, it should be pointed
out that the commercial world @riving the development of creating hardware and software
protocols with builkin security and error protection. With the proliferation of this technology the
economic pressures drives down the cost, size, and increasesithleildyaof this technology

These COTS items can easily beperkaged into a lowost military application. This
technology is readily available to create a miatipcommunication wireless netwark

It can be argued that wedbandwidth anchigh data rates areverkill to contol one to
several autonomous vehicles. This is especially true when the underwater communication needs
calls low bandwidth communicationsHowever, a mesh buoy network system can serve more
purposes than just providing underwater communications to MEtles. It can also be used
for an AnttSubmarine Sensors Network that can alertadmance amphibious force to the
presence of submarines near buoy locations. US doctrine states that the enemy will employ
submarines inreating an artianding defenséJoint Publication @2, 2009) Therefore the
bandwidth and high data rate requirements can be leveraged to utilize the buoy network for other
tasking such as to supplement communication needs and provide advarmeuhissance
information This is beyond the scope of this report and it is recommended for further study.
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The buoy system iadvantageous in that it is inherenthandestinedue toits low visual
and radar traceability. Additionally, with the sporadic transmission timesnthe MCM Host
Platform must communicate with the vehicldhe system maintaing relatively small
electromagnetic signaturd.he buoys also have the advant#up they allow for larger amounts
of data to be transmitted across the network. Since the buoys are low cost, the MCM operation
can create a deptive operation by seedirfguoysin an area that is not intended for the
amphibious landing. Thus it can lbsed to create an illusion of an impending amphibious
operation in a location that is not intended to be attacked

d. Alternative Ore: Equipment &Persomel

It takes two peopléo operate Aternative (nhe in the field; however, this analysis has not
addressethe number of people needed to support the maintenance of the system. We estimate
that the number maintenance personnel needed will be at minimum three persons, which includes
maintenance of SPUDS power and propulsion systems, maintenance of missi@a aRl'
maintenance oHost Platformcomputer systemsHowever, a level of repair analysis (LORA)
and maintenance plan will be needed to accurately estimate the number of personnel needed to
maintain and repair the system. This is beyond the scope oéflug but a rough estimate of 3
people is provided for cost estimating purposes. It should be noted that Alternative One allows
the operators to control more than one SPUDS without increasing the manpowestor
PlatformC2 equipment requirement3.able14is a summary of the equipment needed to deploy
one SPUDS system.
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Tablel4. Alternative One Equipment LiSummary

Thistable summarizes the Alternative Qc@mponents described in this sectidhe number of buoys for the
operation is dependent on distance and location of the MCM Host Pldtiomihe AO. This will have to be
calculated for each mission.

Platform Equipment Sub Component Number
INS/GPS N/A
Depth Pressure Sensor N/A
Temperature Sensor N/A
DVL N/A
Wifi Radio N/A
Wifi Radio Antenna N/A
Acoustic Communication N/A
Interface Box
Recording System N/A
PowerSwitching System N/A

SPUDS Power Generation System | N/A

: Battery System N/A
Vehicle

Magnetic Gradiometer

Magnetic Controller Processor

Magnetic Sensor

Reeling Machine

Optical Sensor

CCD/LED Sensor

Sonar System

Forward Looking Sonar
Transducer

Left Side Scan Sonar

Right Side Scan Sonar

RINNBINRIR RRRRPRIRIARRRP P (MR RRRIRR P PR Pwwlw

Engine Controller N/A
Electric Engine N/A
Steering Retraction System| N/A
Host Platform | WiFi Radio N/A
WiFi Radio Antenna N/A
Server N/A
Server Power Supply N/A
Router/Switch N/A
Recorder/Playback N/A
Operator Computers
Displays
Keyboards
Trackball
Throttle Control
Joystick Control 1
OTH Communication Buoy N/A See
Communication Note
Communication/Navigation | N/A See
Buoy Note
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e. Alternative One Component Mapping td-unctions & Requirements

Table50andTable51in Appendix E contain the component mapping of Alternative One
to the associated functions and requirements previously defined in this report to verify that the
system has been properly desd. It should be noted that the generic mapping was completed
in Table9 andTable10 of this report.

2. Alternative Two

Alternative Two revolves aroundhe concept that the MCM ship (ddost Platform
operategshe SPUDS vehicleia aradio signal. Central to this alternative is the idea that sensor
outputs are transmitted to therhan operatarin reattime aboard the MCM shipReattime
mine mission analysis (MMA) can be done aboard the ship while the mine vehicle is in the
search areaThis alternative does leave the option of PMA in that sensorislaeaordedboth
on board he MCM ship and inside the SPUD®ut it is advantageous to reducing theedeto
engage timeframe by performimgattime MMA. The MCM ship will ke a littoral combat ship
and Alternative Wo provides the MCM mission module that is installed onsthip. Figure52
depicts the AlternativeWwo conceptual operations.

Horizon Line

Figure52. Alternative Two Operational Concept

This figure depicts the operational concepftiernative Two The underwater vehicle relays search information
back to a MCM ship using a surfatethered radio link. The data is first transmitted to an air platform, and then
relayed back to a MCM ship.
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For Alternative Two, he human has no ability to physically see the clehdue to the
MCM ship being located OTH-or this reason, the underwater vehicls mavigational sensors
and computer power to understand its location underwativigationis perfomed through
Inertial Navigation SystemsINS) and GPS computer systems that relay the §n&peed,
direction, accelerations, and global location (GPBue tosignal receptiordimitations when
usingGPS below the water, is required that th&PUDS vehicle usan antenna that is on the
surface by way of a wired tetheAs a backup, th&NS is used to deliver other navigational data
when the GPS antenna has trouble connecting to a satellite.

The surface tether also seswbe important function of transmitting sensor and location
data back to thélost Platformin the form of radio signalsDue to the longer distance that is
imposed by an OTH operation, the radio signals fingstbe transmitted to an air platform in the
area. Thisis doneby usinga helicopter or UAV.From the air platform, the daisthenrelayed
back to theHost Platformas shownn Figure53.

Tele-Operated or
Remote Controlled
Vehicle System

Fwd Sonar
Tranducer

Figure53. SPUDS Vehiclerethered Communications

This figure depicts the way the tethered antenna will be used from the underwater vEhiEfegure also shows
the front view of the SPUDS with the embedded sensors.

In Alternative Two, the SPUDS vehiclatilizes a communication system composed of
Tactical Common Data LinKTCDL) system. The OTH Communication system component is
accomplshed using existing Navy assestsch as an MH60 or FireScout UAV to provide the
datalink communications. The communication system is dually redundant to increase reliability
of communications.
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The sensor suite of the system is compodechagnetic gradiometers that have three
magnetometer sensors, two optisehsors, and a sonar srstcomposed of forwardlooking
and two side scan sonar systems.

The SPUDS vehicle's board processor provides a navigation solution and presess
steering and propulsion commandslowever, the processor haslimited ability to process
MCM sensor infomation. This limited ability allows the processor to deteetghesence of an
undersea object, bdbes not have the ability to classify or identify a mine. This functionality is
assigned to the MCM Host Platform.

This alternative carries the advagathat it is possible to congté the MCM operations
in a clandestine mannerBesides theossibility of detecting an aerial platform providing the
communication networkthere are no surface platforms or people that would be visible in the
search areaHowever this alternativeloescarry a higher operational burden in the form of costs
and required supporeboard the MCM ship. There has to be at least one opardhat is
controlling the SPUDSwhile at least one analystviews the sensor and viddatato determine
if there are mines in the search area.

a. Alternative Two SPUDS Vehicle
Figure 54 depicts the components éflternative Two. The Alternative Two SPUDS
vehicle consists of navigation, mission processing, communication, power, sensor, and
propulsioncomponensystems.

Figure55is a bbck diagram showing howlternative Two functions as a teleperated
system. As shown in the figure, sensor data from the optical, magnetic, and sideosez@ase
fed into the UUVs mission professoihe informationis processed in the onboard compute
allowing the system to understand and detect possible -likimeobjects in the search area.
These possible mines that are foand WUDQVPLWWHG EDFN WR WKH 0&0 VKLSE
889V WHWKHUHG DQWHQQD
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Alternative Two- TeleOperated SPUDS Component Diagram

Figure54.

This figure depicts the component diagram of Alternative Two. The vehicle consists of navigation, mission processingcatiommpaiver, sensor, and

propulsion systems.
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Figure55. Alternative TwoConceptual Schematiglock Diagramof SPUDS

This figure depicts a block diagram model for Alternative TWae figure shows the inputs andtputs to the system componefithe different colors of inputs
and outputs from the various components help trace power requirements and Jigeaiksd color indicates a power input, while black and other colors show
sensor inputs/outputs.
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b. Alternative Two Host Platform

Figure 56, Figure 57, and Figure 58 depict the C2 and communication systerh
Alternative Two that is part of the MCM mission module on thst Platform The
communication system is composed of a Tact@@nmon Data Link (TCDL), server, reced
switch and a video encoder.

Host Platform
MCM
Communication
System
3.3
HP
HP MCM y ’ HP MCM MCM HP
CUBIC - HEMEM HEMEM Router/ Recorder Video
ey Server Server Pwr - ,
I'CDL 119 334 Switch Encoder
3.3.1 e 3.3.5 Playback 237
3.3.6
HP MCM
Antenna
33.1.1
Figure56. Host Platform Communication System Component Diagram

This figure depicts the components of the host vehicle platform.
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Figure57. Host Platform C2Processing Component Diagram

This figure depicts the components of the host vehicle platform MCM Command & Control Processing &gstem.
the purpose of this repoA ~ U H | HaUnissidhRanalyst.
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This figure depicts the components of the host vehicle platform.

157




The TCDL component ofAlternative Two provides the radio link with the SPUDS
vehicle. The serverates and retrieves mission data for the MCM system. The switch provides
routing of information and the video encoder encodes the analog video so that it is stored or
routed to the operating stations.

The system requires three mission anal{/gtA s) to perform real time analysisf sensor
data coming from the SPUDS vehicl&he other stations include a pilot,-pdot, and tactical
oversight positionss depicted ifrigure58.

The pilot's main focus is guiding or steering the SPUDS vehicle and maintaining
situational awareness of the vehicle's status. Thalobis the backup for guiding and stewy
the vehcle. However, the e L O RaWfuhctiors areto monitor aa provide navigational
guidance andmonitor and control sensor inputs. The Tactical Oversight position provides
overall supervision of the MCM C2 system. This person determines routes, inatitralplans,
and vehicle missions based on analysis of data from the MA positions. From there, the operator
develops the tactical map of the AO and communicates routes and mine field locations to the
ship's command and contrelhich isthenpassed oo the amphibious force.

The teleoperated features present Aiternative Two allow the system to be able to
follow a higher order of directions input by human operators than that of a remotely piloted
UUV. The human operatotsgave the option to inputay points and movement directiqr@sd
allow the vehicle to carry these out these orders independestilyg onboard sensors,
navigation, and processing capabilities

The Alternative Two SPUDSIis very limited in its onboard decision making and
processing powerThe UUV does not have the ability to direct other UUbdlscreate its own
searchoperations without input fronmuman operators.This alternative relies on a separate
neutralizaéion plaform to carry out mutralization operations. The neutralization can be
coordinated on thelost Platform

c. Alternative Two Equipment & Persome Summary

It will take four to six peple to operatdlternativeTwo; however, this does not include
the numberof people needed to support imanance of the system. It éstimated thathree
maintenance personn&lill be needed to providemaintenance othe SPUDS power and
propulsion systemmission LRU's, and thelost Platform computer sgns. It should baoted
that Alternative Wo could control up to two SPUDS vehicles without increasing the manpower
or Host PlatformC2 equipment requirementslowever, the OTHommunication link will need
to be further assessed to verify thatcould support more than twvehicles. Adding an
additionalvehicle may slow down the mission analysis unlessHbst Platformincludes auto
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target recognition routines to assist with the analy3igble15is a summary of the equipment
needed to deploy one SPUDS systarthe AlternativeTwo configuration

Tablel5. Alternative Two Equipment Lissummary

Thistable summarizes the Alternative Twompnents described in this section.

Platform Equipment Sub Component Number
INS/GPS N/A 1
Depth Pressure Sensor N/A 1
Temperature Sensor N/A 1
DVL N/A 1
TCDL N/A 1
TCDL Tether Antenna Sys | N/A 1
Recording System N/A 1
PowerSwitching System N/A 1
Power Generation System | N/A 1
Battery System N/A 1
\S/;L]:gs _ _ Magnet?c Controller Processor 1
Magnetic Gradiometer Magnetic Sensor 3
Reeling Machine 1
Optical Sensor CCD/LED Sensor 2
Sonar System Forward Looking Sonar 1
Transducer
Left Side Scan Sonar 1
Right Side Scan Sonar 1
Engine Controller N/A 1
Electric Engine N/A 4
Steering Retraction System| N/A 1
TCDL N/A 1
TCDL Tether Antenna Sys | N/A 1
Server N/A 1
Server Power Supply N/A 1
Router/Switch N/A 1
Recorder/Playback N/A 1
Host Platform | Video Encoder N/A 1
Operator Computers 6
Displays 12
Keyboards 6
Trackball 6
Throttle Control 2
Joystick Control 2
OTH Existing Navy Assets MH-60 Date link As Rqd
Communication Fire-Scout- UAV As Rqd
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d. Alternative Two: Conponent Mapping to Functions &Requirements

Table 52 and Table 53 of Appendix E contairthe component mapping of Alternative
Two to the associated functi®mnd requirements previously defined in this report to verify that
the system has been properly designdtl should be noted that the generic mapping was
completed inrable9 andTable10 of this report.

3. Alternative Three

Alternative Threerevolves aroundhe concept thathe underwater vehicleSPUDS is
operated remotely bgersonnelocally within sight of SPUDS This requiresa small team of
operators (or local operators) performing fanction of transiting SPUD® the AO bya small
rigid inflatable boat as seen kigure59. The boat is equipped with the Navy Shipbo&mgle
Channel Ground and Airborne Radio SystefB#NCGARSS or a Joint Tactical Radio System
(JRTS)which commuicates to the MCM platform through a communicatielay onan existing
Navy airborne platform such as a M#® or FireScout Unmanned Aerial Vehicleln this
alternative, there is neattime mine mission analysis (MMA)The MMA must belone aboard
the shipafter the SPUDS$ehicleconducts itsearchard the data is retrieved from the vehicle.

Figure 59 depicts the local AO support team neededAtiernative Three. While he
MCM shipis in anOTH location the local operatois responsibleo relay information back to
the ship

MCM Vehicle

MCM Team Leader Boat Pilot Operator Operator

Figure59. Local Operator Team

This figure depictshe minimum number of people to control the remote piloted SPUDS vehicle
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The localoperator team consists of one person dedicated as a boat driver or pilot, a team
leader who commands the team and communicates with the OTH MCM host ships, and a MCM
Vehicle Operator who controls the SPUDS vehicle.

The MCM Local Operator (LO) system cortsi®f the components shown kigure 60.
The system components consist of a low observable boat with all equipment necessary to run and
operate the k. The MCM vehicle radio is used to transmit and receive information from the
MCM vehicle. The Control Panel Display and MCM vehicle control are used by the MCM
vehicle operator to control SPUDS.

MCM
Local Operator
System
4.0
. LO - LO
LO MCM G LO GPS G LO Self LO Vehicle LO Vehicle
A Control : MCM : 2 T
LO Boat Vehicle Panel Display Vehicle Protection Ranging Communication
4.1 Radio Disslay Receiver o Equipment Equipment Radio JTRS
4 splay 44 Controls y
2 43 ’ 45 4.6 4.7 48

Figure60. Alternative ThreeMCM Local Operator System Components

This figure depictshe components included in the MCM Local Operator System that operates the remote piloted
SPUDS vehicle

Conceptual operator controls for the SPUDS vehicle are shofigune61. The control
panel onboard the boat consists of a video display, which ps¢sertiptical images from either
the front or the bottom cameras of the UUV. The videpldy also shows the outputs from the
pressure and temperature sensors. A joystick and throttle to help steer the UUV and all the
necessary functional controls to turn off and on the magnetic gradiometer, forward and side scan
sonar, and optical sensorfstbe SPUDS vehicle. Additionally, the LO has a sonar that pings the
MCM vehicle to estimate range to the vehicle and assist in driving the MCM vehicle. The LO
has seHprotection equipment and a JTR$ SINCGARSradio to talk to the MCMHost
Platform
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Figure6l. Conceptual Local Operator Display Controls
This figure depicts the conceptual looglerator display controls for Alternativéniiee.

The OTH Communication system componenaccomplished through utilizing existing
Navy assés such as an MH80 or FireScout UAV to proide the datdink communication The
UUV utilizes a VHF/UHF radio to communicate with the local operatS8PUDS will transmit
location, heading, speed, and video to assist the local operator in dheingehicle. This is
done using a tether that is similar to the one usédternativeTwo.

The surface tether sewthe important function of transmitting sensor and location data
back to the LO. Due to the longer distance that is imposed by an Operation, the radio
signals firstaretransmitted to an air platform in the ardarom the air platform, the datsithen
relayed back to thélost Platformas shownn the tethered communications concept presented
earlier inFigure53.

The sensor suite of the SP8Dehicleis composed of anagnetic gradiometers that has
three magnetometer sensors, two optical sensors, and a sonar sysisisting ofa Forward
Looking Sonar and twdide ScanSonar systems.

The SPULS vehiclehas an interface box that perf@isiead reckoning navigationThe
operator prograsihe vehicle at startup and allesufficient amount of time for the rate gyros to
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align themselves.The vehicle has no situational awareness functionaitg depends on the
operatorfor guidance.Alternative Threedoes notave the ability to réddime detect, classifyor
identify a mine. The AdvandeVICM system using this altertise must rely orPMA to detect,
classify,and identify. Therefore, the SPI33 MCM sensor dta is stored via a recorder that
must be retrieved at the end of mission and transferred back to the MCM-giilpe 62 depicts
the AlternativeThree operational concept.

Figure62. Alternative ThreeOperational Concept

This figure depicts the operational concepAtiernative ThreeThe underwater vehicle relays search information
back to a MCM ship using a surfatethered radio link.The data is first transmitted to an air platform, and then
relayed back to a MCM ship.

Figure 63 depicts the Alternative Three component diagram, breaking out the
components ofthe system and how thelate to each other.The vehicle consists of a
navigation system, communication system, powstridution system, MCM sensor system, and
propulsion systems.

Figure64 is a block diagram showing hoilternative Threls SPULS vehicle functioms

asa remote controlled systemAs shown in the figure, sensor data from the optical, magnetic,
and side scan sonar's will be fed into the UUVs recorder.
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Figure63.

Alternative ThreextRemote Control SPUDS Component Diagram

This figure depicts the component diagranhtiErnative Three The vehicle consists of navigation, mission

processing, communication, powsensor, and propulsion systems.
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Figure64. Alternative ThreeConceptual SchematBlock Diagramof SPUDS

This figure depicts a bloattiagram model for Alternative Thre@he figure shows the inputs and outputs to the system componhkatdifferent colors of
inputs and outputs from the various components help pawser requirements and signals. The red color indicates a power input, while black and other colors
show sensor inputs/outputs.
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Figure 65, Figure 66, and Figure 67 depictthe C2 and communicatiofor the Host
Platform as part of the MCM mission modulthe communication systems composed of a
server, a recorder, a switch and a video encoder. Since the Host platform does not receive MCM
data real tim, it is unnecessary to integrate a radio gystdt is envisioned that communication
with local operator team will be conducted through the §héisting communication system.

The server stogand retrieve mission data for the MCM recorder playback system. The switch
provides routing of informdion and the video encoder encedtlee analog video to enable it to be
stored or routed to the operating stations.

Host Platform
MCM
Communication
System

11
2.9

ACN D
HP MCM HP MCM i, HE i
Serier Serves Pt Router/ MCM Video
DS A Switch Recorder Encoder

332 :
> 3.3.4 33.5 33.6 337

Figure6b. Alternative Three Host Platfor Communication Syste@iagram
This figure depicts the componentstioé host vehicle platform.

Figure 67 depicts that the systemequires six operating stations Alternative Three
requires four mission analyst(MASs) to perform real time anadis of sensor data coming from
the SPULS vehicle ¢his could be reduced to one if the Host Platf@rocessing had auto target
recognition functionality) One of the MA coordinatethe communications with local operators.
The Tactical Oversight position provides overall supervision of the MCM C2 system. This
person determirgeroutes, neutralization plans, and vehicle missions based on analysis of data
from the MA positions. They develop the tactical map of the AO and comatamoutes and
mine field locations to the ship's command and control wieghassed onto the amphibious
force.

This alternative must have at least one operator present per UUV that is being used in a
search operationThe UUV must also have at least one analyst thatlisdedicated to perform
PMA for each vehicle.
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Figure66. Alternative Three Host Btform C2Processindiagram

This figure depicts the components of the host vehicliégogla MCM Command & Control Processing System.
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Figure67. Alternative Three Host Platform C2 Schematic Block Diagram

This figure depicts the components of the host vehicle platform.
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a. Alternative Three Equipment & Personnel Summary

It takes six to eight people to operate Alternative Three in the AO. It is estimated that the
maintenance personnel needed are at least 3 persons to provide maintenance for of the SPUDS
power and propulsion system, mission LRU's, and maintenance of stePkidform computer
systems. It should be noted that Alternative Three can only control one SPUDS vehicle without
increasing the manpower biost PlatformC2 and Local Operator equipment requirements. An
addition of another vehicle will slow down the gsion analysis due to several factors in
coordinating retrieval of sensor data and performing analysis of tae Talble16 is a summary
of the equipment needed tefloy one SPUDS system in the Alternative Three configuration.
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Thistable summarizes the Alternative Thimmamponents described in this section.

Tablel6.

Alternative Three Equipment LiSummary

Platform Equipment Sub Component Number
Rate gyro/compass N/A 1
Depth Pressure Sensor N/A 1
Temperature Sensor N/A 1
DVL N/A 1
VHF/UHF Radio N/A 1
Radio Tether Antenna Sys N/A 1
Recording System N/A 1
Power Switching System N/A 1
Power Generation System N/A 1
: Battery System N/A 1
SEHREVEIEE Magnetic Controller Processor 1
Magnetic Gradiometer Magnetic Sensor 3
Reeling Machine 1
Optical Sensor CCD/LED Sensor 2
Sonar System Forward Looking Sonar Transducer 1
Left SideScan Sonar 1
Right Side Scan Sonar 1
Engine Controller N/A 1
Electric Engine N/A 4
Steering Retraction System N/A 1
Server N/A 1
Server Power Supply N/A 1
Router/Switch N/A 1
Recorder/Playback N/A 1
RCEB(HENIE] Video Encoder N/A 1
Operator Computers N/A 5
Displays N/A 10
Keyboards N/A 5
Trackball N/A 5
OTH Conducted by Local Operator MH-60 Date link As Rqd
Communication | communicating mission Fire-Scout- UAV As Rqd
information to Host Platform.
Local Operator | Boat N/A 1
Team MCM Vehicle Radio VHF/UHF N/A 1
Control Panel Display/Computer | N/A 1 per vehicle
Throttle Controls N/A 1 per vehicle
Joystick N/A 1 per vehicle
Vehicle Ranging Equipment N/A 1
GPS/Navigator N/A 1
Vehicle Communication Radio N/A 1 pervehicle
Self Protection Equipment 50 caliber MG or M240 & Ammo 2
Protection Vests Per Person
Personal Weapons & Ammo Per Person
1st Aid Per Person
Helmets Per Person
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b. Alternative Three Compnents Mapping to Functions &Requirements

Table54 andTable55 of Appendix E contain the component mapping of Alteuwealhree to
the associated functions and requirements previously defined in this report to verify that the

system has been properly designécshould be noted that the generic mapping was completed
in Table9 andTable10 of this report.
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SUMMARY OF ALTERNATI VES

Table 17 provides a high level comparison of the alternatifesapabilities and

components.
Tablel7. Alternative Comparisons
This tableprovides a comparison of the different alternatives
Alternative One Alternative Two Alternative Three
Autonomy Fully Autonomous TeleOperate Hybrid Remote/ Tele
Operate
OTH Communication | Fully Autonomous RF | Airborne RFDataLink | RF Voice

Buoy Network

- TCDL

Communication with
Local Operator using
SATCOM or data link
via airborne platform

Vehicle Communication

Underwater Acoustic

RF TCDL- Tethered
Antenna

RF UHF/VHF Tethered
Antenna

Bandwidth
Communication with
Vehicle

Low-Medium
Bandwidth

- Communication
requires data words
giving vehicle position,
mine & mine type
location status.

Extremely High
Bandwidth- Need to
transmit All Vehicle
Sensor data to Host
Platform

High Bandwidth-
Vehicle transmits video
to Local Operator

Numbe of People to
Operate Advance MCM
System

Two operators to
operate anywhere from
one to many vehicles
simultaneously

6 people for two
vehicles

12 people for 4 vehicleg
18 people for 8 vehicles
- personnel requiremen
adds 6 people every 2
vehicles added

8 people per vehicle
11 people per two
vehicles

16 people per three
vehicles

19 people per four
vehicles

24 people per five
vehicles-

Add 3 people on odd
number of vehicles and
add 8 on even number
of vehicles

Processing MCM data
for Mine Detection,
Classification,
identification, location

Vehicle- Real time
Auto Target
Recognition (ATR)
Mission Analysis (MA)

Host Platform Real
Time MA

Host Platform PMA

Vehicle Processors 3 1 None- Interface Box
Vehicle Navigation 3 1 1

Sensors

Host PlatformOperator : .
Stations 2 6 per 2 vehicles 5 per 2 vehicles
Optical Sensors 4 2 2
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V. MODELING AND SIMULAT ION

Modeling and simulation for this project used the previously defiMvddEs of Area
Coverage Ratenumber of undetected mines, and stealth, as a techewedlation tool to
compare the system alternative architectures. Modeling of the architectures utilized both
Microsoft Excel andmagine ThaffV ([WHQG6,0 GHSHQGLQJ RQ ZKDW FRPE
output characteristics were under evaluation. Excel veasl lo analyze and model factors
regarding stealth and navigation and was used to graph and perform a statistical analysis of the
results. ExtendSIM was used to model the probability of detection and classification, and the
delays associated with the sgarmethod for each alternative. The nature of the ACR and
number of undetected mines lends themmathematical models; however, stealth was more
difficult to define.

A. MEASURES OF EFFECTIVENESS MAPPED TOFUNCTIONS

To determine the parameters to be medgthe developed metrics were mapped to the
defined functions. This process defined the relationship of each system metric to system
functions and outlined how the parameter was to be modeled.

Table18 containsthe mapping between the functions and tletris with the parameters
that were considered in the modeRAfter an analysishie functions of DeploySeach, Detect,
Classify, Identiy, and Communicate were modeled’he functionsSeach, Detect, Classify,
Identify, and Communicat&ere included since they are part of the bounded sysfdthough
the Deploy function was outside the bounded system, it was selected since it hadtaoneffec
stealth. The functions of Perform Planning, Recover, Transit, and Receive Maintenance are
outside the bounded system. These functions were reviewed, but since a significant effect on the
metrics was not found, they were not modeled. Although tigage function was part of the
bounded system, a specific model was not created. The Engage function coattsidered
completed byeither localizing a targeto that it may be avoidest neutralizing the targett was
determined that if th&ngage faction was completefbr localizing the targetit would not add
time to the DTE sequence Since our recommendation is that the neutralization be performed
by a separate system, a model was not created for that system. It is recommended that this
concept is researched further by a different cohort.
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Tablel8.

Mapping of Functions to Metrics

Table depicts linking between system functions, MOEs, and modeling parameters used.

Top Level . SUB Function Undetected | Stealth
. 1st Level Sub function ACR .
e Input Parameters I
Deploy from Sub i
ploy FDE 8.1 System Deployment Timeframe X
surface Craft
Deploy- FDE.8 Deploy from Surface FDE 8.2 System Deployment Timeframe X
Craft
Deploy from Aircraft FDE.8.2 System Deploymerilimeframe X
Time to Navigate X
System Exposure Above the Waterlin X
Vehicle Ordered Speed X
Support Equipment Required X
Follow Search
Search +FS.7 FEHS) Environmental Current speed
Commands X
Amount of time vehiclestops to
communicate X
Data Rate Utilized X
Receive Info. from =i Sensor Range X
Detect +FD.1 Sensors Indicating o P‘_‘P° _ X
Contact in Area Time to Detect and Classify Mine X
FC.2.1 PP X
Classify +FC.2 Process Sensor Input o Time to Detect and Classify Mine X
Determine if Mine like e PyP; X
Contact is a Bottom o Time to Detect and Classify Mine X
Mine
Determine if Mine like PyP; X
. FI1.3.2 - - -
Contact is a Moored Time to Detect an€lassify Mine
) Mine X
Identify *FI.3 —
Determine if Mine like ey PyP; X
Contact is a Drifting e Time to Detect and Classify Mine X
Mine
Determine if Mine like — PiPe X
Contact should be o Time to Detect and Classify Mine
. X
Avoided
Data Rate Utilized
. X
Receive
Communications FCO.6.1 Amount of time vehicle stops to
communicate X
Communicate-
FCO.6 Data Rate Utilized X
Transmit - -
. FCO.6.2 Amount of time vehicle stops to
Communications )
communicate X
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Top Level . SUB Function Undetected | Stealth
. 1st Level Subfunction ACR .
Function Parameter mines
Deploy from Sub FDE.8.1 System Deployment Timeframe
surface Craft ’ ¥ pioy X
Deploy from Surface .
Deploy- FDE.8 Craft FDE.8.2 System Deployment Timeframe X
Deploy from Aircraft FDE.8.2 SystemDeployment Timeframe X
Time to Navigate
System Exposure Above the Waterlin X
Vehicle Ordered Speed
SearchFs7 | Folow Search FS.7.3 Support Equipment Required X
+FS. Commands upport Equipment Require
Environmental Current speed
Amount of timevehicle stops to
communicate
Bandwidth Utilized X
Sensor Range X
Receive Info. from
o FD.1.1
Detect +FD.1 Sensors Indicating PyP; X
Contact in Area
Time to Detect and Classify Mine
Pch X
Classify +FC.2 Process Sensor Input Aoz
Time to Detect and Classify Mine
Determine if Mine like = o PyP. X
Contact is a Bottom e
Mine Time to Detect and Classify Mine
Determine if Mine like e PyP, X
Contact is a Moored o
Mine Time to Detect an€@lassify Mine
Identify *FI.3
Determine if Mine like = PP X
Contact is a Drifting S
Mine Time to Detect and Classify Mine
Determine if Mine like =a PyP. X
Contact should be e
Avoided Time to Detect and Classify Mine
Receive Bandwidth Utilized X
CEmIITIEEETS =Eol Amount of time vehicle stops to
Communicate- communicate
FCO.6 Transmit Bandwidth Utilized X
FCO.6.2

Communications

Amount of time vehicle stops to
communicate
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B. MODELING PARAMETERS MAPPED TO ALTERNATIVES

Once the functions werenapped to the mpirics and themodeling parameters were
determined, thanodeling parameterarzere mapped to theomponents of the alternatives to
ensure that the model accounted &oy diffeences in the architecturdéisat would affectthe
metrics. Due to the complexitie$ factorspresenduring the search and detection of sea mines,
it was determinedhatonly the differences in thalternatives thaaffeced the metrics would be
modeled. With the limited time andesources available for the modeling and simulation, the
focus of the models was placed on the factors that would be best able to allow a decision among
the alternativesTable 19contains the definitions for the parameters used to create the models.
The input parameters were chosen since they are the characteristics which dominate the behavior
of the architectures in the environment.
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Tablel9.

Definition of Input Parameters

This tableshowsthe definitons of the parameters used in the modeling and simulation portion of the project.

ACR Parameters

Definition

Vehicle Ordered Speed

The velocity at which the vehiclgasordered to travel. With no current this
equal to the actual speet@his was an input variable into the Excel navigati
model which was used to determine the time to navigate.

Environmental Current speed

The velocity of the water surrounding the MCM vehicléis was an input
variable into the Excel navigation modehieh was used to determine the tin
to navigate.

Amount of time vehicle stops
to communicate

The amount of time the vehicle requires a suspension of the search for
communicationThis was an input variable into the Excel navigation mode
which was used to determine the time to navigate.

Time to Navigate

The amount of time the vehicle takes to travel though the entire minefield
This includes any stops to determine location, &vdd PH WR FRUUH
course. This was an output of the Excel navigation model and an input int
ExtendSIM model. This was used to determine the ACR.

Time to Detect and Classify
Mine

The amount of timbetweerthe sensors deteéey an objectandthe object
beng classified as either a mine or a Amme. This was an input into the
ExtendSIM model.

Undetected Mines
Parameters

Definition

Sensor Range

The usable range of the sensors from the vehithés was an input to the
Excel navigation model to determine which mines would be excluded fron
ExtendSIM model due to navigation error.

Pd I:)c

The probability of detecting and correctly classifying targets within a searf
pattern. This was an inptdg the ExtendSIM model

Stealth Parameters

Definition

System Exposure Above the
Waterline

The amount of the system in the AO that would be observable above the
waterline during the search periodlhis was an input to the stealth analysis
determine theystemexposureabove thewaterlinerating.

Data Rate Utilized

Therate at which theequired datas transfered during the search period
This was an input to the stealth analysis to determinddteenteutilized
rating

Support Equipment Required

The amount oéquipment in the AO when the system is operatifigis was
an input to the stealth analysis to determinestiyggport equipma required
rating

System Deployment
Timeframe

How early the system can be deployédthis was an input to the stealth
analysis to determine the system deployment timeframe rating.
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When considering the hydrodynamics of the VSW range, since the shape, the power
system and propulsion system were the same for all the alternatives a detailed model was not
constructed. It was assumed that all the SPUDS would be able to acceleraterdaaih riesir
speed equally. Along the same lines, however, the steady state current would have an effect on
the SPUDS when navigation was consideréfidche SPUDS was unable to correctly determine
its location it would be possible for a steady state atiti@ push the SPUDS off course. This
would increase the time to navigate since the SPUDS would periodically need to adjust its course
to return to the desired track. The number of undetected mines was also affected if the error in
navigation caused thmine to be outside the sensor range. The navigation error would also
affect the reacquire time for neutralization, but since the neutralization function is not considered
in the bounded system.

In considering the performance of the sensors, many ofsémsors are the same
therefore, the focus of the model turned to the ability to use the sensor data to correctly identify
an object as either a mine or a roime. Since it is possible the system could detect a mine but
not correctly classify it as a menthe BP; is used as one value. If we assume that any object
ZLWKLQ WKH VHQVRU UDQJH KDV D SUREDELOLW\ RI GHWHFW
the object correctly would be equivalent to not detecting the object in the first place. The sensor
range was used as the distance at which the ability to correctly classify the object was unlikely.

When considering the alternatives as they related to stealth, it was assumed that since the
SPUDS exterior would look the same, they would be equally easylbserve in identical
situations. The behavior of the system, however, would allow the SPUDS or other portions of
the system to be easier to observe.

For the stealth analysis, all portions of the system which could be observed from the AO
were considereth the analysis; for the ACR and the undetected mines the portions of the system
outside the AO were considered when they would affect the behavior of the SPUDS in the AO.
This behavior includes any actions taken by an operator that would cause agraatieahative
to act differently from the other alternativeBable20 maps the parameters that were modeled to
the individual SPUDS components tivaried among # alternatives.
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Table20. Mapping of Parameters to Components

This table shows a mapping of the parameters to the system components and the metrics affected. A=ACR,
S=Stealth, and U=Undetected mines. The blank spots indigteither there are no differences in the
architectures or these have no affect on the parameters.
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C. STEALTH ANALYSIS

6WHDOWK PRGHOLQJ DQG VLPXODWLRQ HYBUWi¥BWHG HD
remain undetected. The MCM systencludesthe SPUDS$ Host Patform (located OTH and
any necessary support craft to include; 61 helicopters, the UAV Fir§cout, and a Local
Opeator High Speed Boat (LOHSB).

6WHDOWKLQHVYV LV GHILQHG DV 3VORZ GH@MeEEMIDWH DQC
Webster Dictionary, 2012) The stealth metric unit of measure ioPability of Detection by
Enemy expressed as a percentag8ince this value was difficult to modely analysis was
performedon the alternativeasinggeneral stealtparameters toank eactalternativef V. OHYHO R
stealth.The stealth parametedgfined avay to address stealth with the ranking indicating which
alternative would have the lowest Probability of Detection by Enefng stealthiest altertige
wasdetermined by evaluating each system on the follofongparameters:

System exposure above the waterline
Datarate utilization

Support equipment required

System deployment timeframe

HwnN P

1. SystemExposureabove the Waterline

Systemexpoaure above thewaterline was analyzed by evaluating each altern§tive
overall componentfootprint. For example, Alternative One required th&ewf an RF Buoy
Network, wheras Alternative Two and Alternative Three required the support of a6MH
Helicopter or FireScaut to conduct OTH communicationd.herefore, Alternative One habe
least system exposure above the waterline and was considered the stealthiest MCM system based
on system exposure above the waterline.

Consideration was also given toe duration of ime in which thealternativesystens
would be exposedbove the waterline to conduct communicatiéifowever, there was found to
be little difference between alternatives asaRkposure for each platform remained constant for
the duration of the missionTherefore, the duration of time in which the alternatives would be
exposed above the waterline was not considered for this analysis.
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a. Alternative OneRationale

AlternativeOneis a fully autonomoussystemwhich utilizes a fully autonomous RF buoy
network for OTH communications and an underwater acoustic system for vehicle to vehicle
communications. The RF buoy network would be present for the entire mission but the surface
exposure of these buoys above the viate would be minimal.

Alternative Onewould bedeployedwithout theadditional suppordf surface platforms to
support data transfeiSince this alternativpossesseanadvanced GPS systethis would allow
the system to remain swgurfacel for extended periods of time and would redtieenumber of
surfacing events requireduring the mission Because Alternative One was designed with
onboard data processing and targeting capability, the vehicle conducts identification and
classificationtasking reatime in the AO. Once targets are processed, the vehicle would surface
periodically to data burst information back to operators ontist Platform

b. Alternative Two Rationale

Alternative Two, being teleoperatedwould utilize a tethered agmna systento connect
the SPUDS vehicle tan airborne RF Dathink TCDL system for OTH communicationsThe
airborne RFDataLink TCDL systemwould requires the support of an M6D or UAV Fire
Scout to conduct OTH communicatiotisoughout the missionEither of these aerial systems
would havea larger system exposure thalternativeOne.

c. Alternative Three Rationale

Alternative Three beinga remote/teleoperated systenwould utilize a tethered antenna
and RF Voice Communications with local operatssmg SATCOMS or data links via airborne
platforms like the MH60 or FireScout for OTH communications Alternative Three also
requires the support of a Local Operated High Speedt B OHSB). The addition of the
LOHSB toAlternatveTKUHHTV RY HUWDNHP OPFVYVHDVHY WKH VA\VWHPYV H
than that ofAlternativeTwo.

d. System Exposur&esults

The stealth rating ofaeh alternative based on systerposure above the waterlind@he
order of stealthiness for these platforms from most stedtihpast stealthy is as follows;
Alternative One, Two, then Three
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2. Data RateUrtilized

The data rate utilized part of the stealth analysis exantme@mount of required data
transfer for each alternative to complete the missibime larger the dateate, the more likely an
alternative would be detected while conducting the MCM mission. For the bandwidth utilized,
first the type of data required to be transmitted was identified, and based on the type of data
required, a bandwidth value of low, mediuon high was assigned to the alternative

a. Alternative One Data Raté&nalysis

Alternative ne possesses real time auto target recognition (ATR) and Mission Analysis
capabilities (MA). These functions enable SPUDS to detect, classify, identify, andronate
without the assistance of the Host Platform. Therefore, SPUDS and host platform need to
transmitminimal amounts of datdow data rate) through a fully autonomous RF buoy system
complete the missionAlternative One would require the transmassiof the vehicle location,
health status, targébcatiorfidentification/classificationand high level mission changes to the
search plansThis information would not requireragh data ratéecause it can be transferred in
the form of text Additiondly, because the system is autonomous it does not require data
transmission on a continuous basis. Instead, Alternative One would be able to intermittently
transmit data to the host platform reducing the chances of a transmission being intercepted by the
enemy.

b. Alternative Two Data Rate Analysis

Alternative Two transmits all sensor data back to the host platform through the use of an
airborne RF data link systeniTherefore, Alternative Two would be requiredttansmit high
data rates on a continuous IsasiThe requirement for a high data bandwidth ematinuous
transmissions means AlternativeZIRfV WUDQVPLVVLRQV DUH PRUH OLNHC(
$OWHUQDWLYH 2QHYV $OWHUQDWLYH 2QH ZRXOG WKHUHIR
Two.

c. Alternative Three Data Rate Analysis

Alternative Three would send video data to a local operator continuously but would not
transmit video data OTH. Instead the data is recorded on SPUDS and downloaded and analyzed
on the host platform following the completiof the mission. The communication system used
to conduct SPUDS communications to the LOHSB would be RF UHF/VHF. The
communication system utilized for OTH communications would be RF Voice Communications
with the local operator using SATCOM or data linkauine airborne platform for mission
direction. The continuous video feed to the local operator requires a high data rate. Since
Alternative Three does not send all of its sensor data back to the local operator and stores this
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information in the onboardystem, Alternative Three was found to be stealthier than Alternative
Two based on total bandwidth utilized.

d. Data Rate Analysis Results

Based on thalata ratetransmitted the stealthie®iICM systemwas Alternative One
followed byAlternative Three, and theAlternative Two

3. Support Equipment Required

The support equipment requiretso affectshe stealth of the overall systenSupport
equipmentaffecs the surface exposure above the waterkeeusticdetection, electromagnetic
detections etc. Due to the limited informatiamailable and the classificatiotevel of this
analysis electromagnetic and acoustic signatures were not analyzed. The type of support
equipment requirechowever provides an urlassified method for addressing these detection
parameters.

a. Alternative One Support Equipment

Alternative Onewould require a helicopter, plane, surfaceft, or subsurface crafto
deploy theUUV and the RF Buoy NetworkOnce deployedhe system wuld not require any
additional support equipment beyond RE buoy network Therefore, minimal support would
be needed, making the system very stealthy.

b. Alternative Two Support Equipment

Alternative Two could also be deployed in a similar manner Hermfative One.
However, the system would not require thee ofan RF buoy system, but instead requiaes
MH-60 or FireScout for OTH communications during the mission. Although not necessarily in
the AO, the air support vould increase the overall presse during lhe execution of the mission
thereby reducing the stealtti the MCM system.Because Alternative Two requires the Nod
or FireScout for OTH communications throughout the mission, Alternative Two was less
stealthy than Alternative One.

c. Alternative Three Support Equipment
Alternative Threevould requre the most support of ttaternatives The systenwould
require the support of a MBO or FireScoutfor the entiremissionand would require a LOHSB
near theAO for the entire mission. Alternge Three was found to be less stealthy than
Alternative Two.
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d. Support Equipment Results

Alternative One was found to be the stealthiest MCM system followed by Alternative
Two, and then Alternative Three in relation to support equipment required

4, SystemDeployment Timeframe

The final parameter analyzed was #ystem deployment timeframeEarly deployment will
increase stealtbf the systenby decreasing the overall presence in the area of interest while the
mission is underway. lfernative Two and Thae cannot be deployed prior to conducting the
mission becauskoth these alternatives require support platforms to operate the syfeased

on system deployment timeframdlternative One was the stealthiest system followed by
Alternative Two and Threbeing equally as stealthy.

5. Stealth Summary

The analysis of the stealth MOE took into consideration the scoring of the four components of
stealth for each system, and determined thatstkalthiest alternative waalternative One
followed byAlternative Two, andthenAlternativeThree This information wasutilized to aid in

the selection of the best alternative for the future sysemommendationThe ranking of the
alternatives in order of stealth is showrTeble21.

Table21 Ranking of Alternatives

This shows the ranking of the alternatives based on Stéata result, Alternative One istgemined to have the
most sealth of all thealternative.

Stealth Component Alternative One | Alternative Two | Alternative Three
System Exposure Above 1 5 3
the Waterline
Data Rate Utilized 1 3 2
Supp(_)rt Equipment 1 5 3
Required
System Deployment

: 1 2 2
Timeframe
OVERALL RANK 1 2 3

Note: Emost stealthy and-[@ast stealthy
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D. MODELING ACR AND NUMBER OF UNDETECTED MINES

1. Method of Modeling

For all alternativesthe same methodology was used to create the models. In order to
determine the amount of time the vehicle tookhavigate the DRM minefieldsnd the error in
the location based on the various navigation systems, an Excel VisualNBssic was used.
The prototype Excel macro was provided bYPS ProfessorPaul Shelain (Shebalin, 2012)
This Excel macro was used to control the ordered speed of the vehicle, the water current speed,
and the range of the sensors. The macro was programmed with the effat¢raiurrent on the
vehicle speed, and the error in vehicle location based emadkigation system.The vehicle
location after accounting for navigation erravas used to determine if a mine would be in range
of the sensors, and how long the vehicle took to travel frormanelike contact to another.

The ExtendSim model assigd a delay to each contact equal to the time when the Excel
macro determined the mine was intercepted. As each contact was selected, the ExtendSim model
then added a delay which was equal to the time required for detect and classify functions. When
the detect and classify delay was completed, the contact was chosen as either correctly detected
and classified, or missed based on thie.PAn additional delay was added to Alternative Three
to allow for the PMA. The ExtendSim model performed 1000 sinarati The data was
collected and analyzed in Excel. A further discussion of the model is in Appendix F.

2. Assumptions

For the Excel racro, all the architectures were set todlyérds/secor 1.5 m/sfor their
ordered peed. This value was based off #peed that the MKL8 system would need to survive
a collision. This speed is 1.5 m(Rollitt, 2011) The assumption was that if the MK18 UUV
must survive a collision of &.m/s then it is likely the vehicle would normallyekiraveling at
that speed. Since the area designed as part of the DRivhe@asuredn yards, this speed was
converted and rounded to 1.6dsis.

In order to verify our planned swawidth, the ACR was calculated by taking the total
distance the vehiclevould travel inthe minefield. Based ona 1.64 y/sspeed,the time to
complete this trip was calculated to be 1 hr and 9 minutes. This would give an ACR of 0.0506
n.m%hr. This was compared thevalue that was determined for the MKW8V during testig
performed by Johns Hopkins University (JH&80.25 knf/hr (Pollitt, 2011) Converting the
JHU value into English units, the value approximately 0.0726.m?hr. The difference
betweenhe calculated ACR and the JHU AG#uld be based on the actual speed of the MK18
UUV, or differences in the distance the MKWU&V traveled for their search when compared to
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the simulated search. The final difference coulaXaained bya difference in their definition
of ACR when compad to what was chosen for our simulatiofihese values are presented
Table22.

Table22. Values Used in the Production of the Models

Thetable shows some of the values used when determining the validity of the models.

Parameter JHU values 311-1030 Simulated

el S 1.5 m/s (1.64 y/s) estimated | 1.64 y/s

ACR 0.25 knf/hr (0.0726n.m%hr) | 0.05061.m?hr

Area covered 4.85 km2 in four days 500 yards by 500
yards

Suely el 40 meters 40 yards

Sensor Range N/A 20 ft

In the DRM minefields it was decided that the swath for each pass of thetectire
would be 40 yards. Comparativethe MK18 UUV testing by JHU used 40 meters as a swath
(Pollitt, 2011) Snce the DRM states the minefield area i® 3y 500 yardsthis analysikept
the swathas yards in ordeavoid possibleerrors in the conversion. Using a swath of 40 yards
the range of the sensors was set to 70 ft in the mobeks would have the simulated vehicle
cover an area of £20 yards either side of the desired path, plus a 10 ft overlap for each vehicle
pass. It is assumed that the sensors would be able to detect mirgreatealistance but in
complex environments the sonar shadows and other measurement noise in the environment
would greatly reduce theylP.. This range also allows for errors in the navigation to show up as
mines not detected.

The tidal current in the environment was selected based on what was documented in the
DRM; this was set to 2.5 kts. The direction of tuerent was set to 10 degrees off thaxs of
travel of the modeled architecture and was varied in the modet.effect the anglehad on the
vehicle waghatthe component of the current that was in the direction of travel was added to the
YHKLFRWUZDUIG VSHHG :KHQ WKH YHKLFOHfV GLUHFWLRQ RI
vehicle§ forward speed was reduced. Any tangential component to the current caused a
reduction in the line of travel speedt was assumed that in order to stay on cothisevehicle
would need to provide an equal and oppdsitee to counteract the tangential forces
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3. Creating and Validating the Model

During the creation of the models for the ACR and Undetected mines, one concern was to
be able to understand if the anssv¢hat were received were reasonable. Whenever pgssible
values from the MK18JUV testing were used as a comparisdhthere were factors thalid
not have a real world marker to be judged against, the results were analyzed to validate the
model.

One of the firstfactors to be validated wasavigation. While the models were being
createdthe values for the vehicl actual location were compared to the desired course. These
values were plotted and reviewed to ensbhagthe desired results were laieved.

The next factor that was validated was the speed of the vehicle. This was done by
calculating the time the vehicle should take to compesieh DRM minefield without any
current. When the model was execuytdgte amount of time to complete timavigation was
compared to the calculated value. If the time to maneuver the minefield was similar to the
calculated value it wadeemedo be validated.

When the effects of current were added to the model, the current was first set to, O knots
and a simlation was pdgormed to gain a basake. The current was then set2® knots with an
DQJOH RI U $QRWKHU VLBEX@Q Day edi@argdrd/dSeadnindrifliie dudrent
had the appropriate affect. The simulation was repeated with theWwr§V DQJOH VHW WR
DQG U WR HQV % speedWwEsHeactihl prop@ry.

The last factor to be validated wagPP Since this was simply a percentatie results
were reviewed to verify the mean of the detected objects approximateitadility.

4. Modeling Alternative One

The navigation component forlt&rnativeOnewas modeled athreesystemseach with
an error of 1% of the true location. This assumption was bas&lD®Q LV K DQ Gap&\ORUV T\
which showedhat highly accurate INSystems using Doppler Velocity Logs (DVL) can result
in highly accurate navigatiofPanish & Taylor, 2011) These thre@alues were averaged and
the value was used as the actual location. This error was calculated evetiyetisimulation
moved the vehicle.

Since the alternativcommunication takes place while the vehislen motion, the time
to communicate haso affect on the ACRThereforethis time was not added to the ACR.
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The RP. was set to 0.9 Becausdhe sensor packages for all alternatives consist of very
similar equipmentit wasassumed that the value for the probability efedtion would be equal
for all systems.Becausédhere are extra optical sensors on Alterna@ives and the classification
of the mine is performed by algorithpiswas assumed that in b years the fP. would be at
least as good as the MKB Increment IV Objectivevalue of 0.9shown in thedraft MK18
Consolidated Requirements DocuméBGRD) (PMS 48, 2011) Although the CRD is a dratft,
prospective details in this document were given to this cohort as perspective requirements and
performance expectations for future system development.

Determining the amount of time it will take any system to cea@d classify a mine in
the type of environment stated iretlbRM is a difficult task. Informal top level discussions
were held with Dr. Jake Wetzel (BCI Inc.), a subject matter expert in human systems integration
working curreny on MCM isswes. Durimg these discussions it wasscovered that an actual
time was unable to be determined. The discussion showed that it is generally thought that the
time to complete the task is situation depen@éretizel, 2012)

However,since atime was required for determining the ACR, an assumption was made
that the mean time to detect and classify was 60 seconds with a standard deviation of 20 seconds
using a lognormal distribution.The assumption for the amount of time was basedhen t
assumption that a computeith correctly programmed image detection algorithmsl0-15
years would be quicker than a human, with much less variation in the amount of time to
complete the task. The distribution was based on the task of classifying &&mng of nequal
frequency and duratiofBlanchard & Fabrycky, 2011)

Because the times for the ACR were not able to be accurately predicted a sensitivity
analysis was performed. In order to evaluate the performantte @llternatives against each
other, the same time and standard deviation combinations were used. The mean times for detect
and classify were selected to be 60 s, 120 s and 240 s. These were combined with the standard
deviations of 20 s, 40 s, and 60 Bhis presented 9 different combinations for each alternative.
1000 simulations were performed for each.
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5. Modeling Alternative Two

The navigation system of this alternative consists of a GPS system that is baekéd up
a DVL and INS system. He tetinical specifications of thehotonic Inertial Navigation System
(PHINS) sygem shows this set up would be thtames better than GPS alofiXSEA, 2011)
Since a standard GPS can have an error betwdénnieters, ad theINS can improve this by
threetimes, he navigation errowas modeled as a normal distribution around the desired course
with a standard deviation of 1.111(8nively, 2011; IXSEA, 2011) The error was calculated
ewvery time the simulation moved the vehicle

Since this vehicle is in constant contact with Hest Platform the alternative does not
stop to communicate so times associated @othmunicationsvere not fatored irto the ACR.

The RP. was set to 0.8. 8ce the sensor packages for all alternatives consist of very
similar equipmentit was assumed that the value for the Probability of Detection would be equal
for all systems. Without the number of optical sensors Altern&ive has, and the fact the
classification woud be performed real time by aiman it was assumed that thgfRRwould be at
leastequivalent tahe MK18UUV Increment Il Threshold shown in the CRBPMS 408, 2011)

This value is 0.8vith the limiting factor leing the ability for a human or group of humans to
recognize the mines based on the data provided.

Determining the amount of time it takes to detect and classify a mine in the VSW is a
challenge for any systemlt was assumed that the mean time to desect classify was 300
seconds with a standard deviation of 150 seconds using a lognormal distribution. When
compared to a computer was assumethatthe human would be much slower, and the variation
would be much greater. The distribution was basethertask of classifying a mine being of
unegal frequency and duratiofBlanchard & Fabrycky, 2011)Informal top level discussions
were held with Dr. Jake Wetzel (BCI Inc.), a subject matter expert in human systems integration
working current with MCM issues. During these discussiomgs discoveredhatthe human
would beconsidered better than a cputer at reducing the false alarm rate of classifying non
mines as mines, batsthis was no one of the metricghis analysis was not continuéd/etzel,

2012) The rationale for this was that it would be better to havdsa faositive rather than a
false negative.The addition of false positives would change the engagement function as another
path may be chose through the minefield, or the mines to neutralize would be different
depending on the detections.
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In the same marm as Alternative One, a sensitivity analysis was performed using the
model for Alternative Two. This consisted of using the same combinations of times and standard
deviations as the analysis for Alternative One.

6. Modeling Alternative Three

The navigatiorsystem of this alterti@e consists of a Rate Gyfompass with a DVL.
The error in the rate gyroompass was assumed to be a normal distribution with a standard
deviation of 1 degre@Boaters Land Discount Marine Supgd, 2011) The error in velocity was
consideredto be 1.9 cm/s based on the Teledyne RD Instruments Explorer PA technical
specification(Teledyne RD instruments, 2011)The error for thelirection was recalculated
when the system changed direction arnldde error in the distance was calculated for each
simulated movement.

Since this vehicle is in constant contact with the controlling platform, the alternative does
not stop to communicateThus,times associated witbommuncationswere not factored in to
the ACR.

The RP; was set to 0.8. Since this system has the same sensor paskAljernative
Two, and a lmman will be analyzing the dathe RP. was kept the same.

Becauselte classification of the contacts will be performed the same way as Alternative
Two, the time for this classificatioremainedequal. However, since the vehicle would need to
be recovered and have the data transferred to the personnel performing this,aaralydditional
time was added to each contact. A delay equal to the time the vehicle took to search the
minefield was added. This assumes that once the system has competed searching thet minefiel
the PMA can begin. The PMA was estimatedtake justas long as the #mission analysis
would take.

In the same manner as Alternative One, a sensitivity analysis was performed using the
model for Alternative Three. This consisted of using the same combinations of times and
standard deviations as the arsgyfor Alternative One.

190



7. Results for ACR and Undetected mines

Figure 68 depicts the ACR modeling results for each alternative in Minefield 1.
Alternative One has a much greater ACR than the other two alternatiwesn performing a
search in Minefield 1. Sinae amount of time for each system to navigate the minefield was
similar, this reflects thathe difference in ACR is driven by the amount of titakento perform
detect and classification tasks.

ACR Minefield 1
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Figure68. ACR Comparison of thA@rchitectures in Minefield 1

This figure shows the ACR for each of the alternatives in Minefield 1. The units for the ACR are in square
nautical miles per hour. The ACR was calculated using area searched divided by the time the architecture required
to complete the areaThe error bars on the box plots show the minimum and the maximum values calculated, the
boxes themselves cover the 25th percentile to the 75th percentile. Where the boxes change color shows the median
value of the data.
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Figure 69 depicts the ACR modeling results for each alternative in Minefiel®ifce
there werel00 fewer mines irMinefield 2, the ACR for each ofhie alternative was better than
that receivedn Minefield 1. Since Alternative One had the shortest detect and classify time, the
difference is not as obvious as the other alternatives, but there is still a diffefémseonfirms
the amount of timeot perform detect and classify is the driving factor for AGRmore detailed
comparison of how the alternatives performed in the minefields can be seen in Appendix F.
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Figure69. ACR Comparison for Minefield 2

This figure showghe ACR for each of the alternatives performed in the Minefield 2. The units for the
ACR are in square nautical miles per hour. The ACR was calculated using area searched divided by the time the
architecture required to complete the ar@de error bar®n the box plots show the minimum and the maximum
values calculated, the boxes themselves cover the 25th percentile to the 75th percentile. Where the boxes change
color shows the median value of the data.
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In order to determine the effect of vehicle speed on the ACR, a sensitivity analysis was
performed using ordered speeds of 3, 4, 5, & 6 knbigure 70 depicts thisanalysis andhat
XQOHVV WKH RUGHUHG VSHHG LV FORVH Ilimited statiskcaBk DWHU F
significant difference between the ordered speafdshe vehicle Appendix F contains the
detailed sensitivity analysis thaaw performed.

ACR Undetected Mines
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Figure70. Speed Sensitivity analysis of Alternative One

Thisfigure shows that for Architecture one the speed of the vehicle is not the limiting factor when it comes
to the amount of time required to complete the minefield swé&ép error bars on the box plots show the minimum
and the maximum values calculated, the Isotkeemselves cover the 25th percentile to the 75th percentile. Where
the boxes change color shows the median value of the data.

193



A sensitivity analysis was performexh each of the thredtarnatives for the time to
detect and classify, artie effect onACR. Using mean times of 60 s, 120 s, and 240 s, and
standard deviations of 20 s, 40 s, and 80 s, 1000 simulations of the three alternatives were
performedfor each combination of times and standard deviations. It was discovered that with a
mean of 60 s with a standard deviation of 2@he ACR for allalternatives wastatistically
different. As either the standard deviation or the mean time was increased, the ACR for
Alternative One and Alternative Two became statistically similar uivegsame mean and
standard deviation. For all combinations of means and standard deviations, Alternative Three
had a lower ACR.Figure71 shows theesults of the sensitivity analysis for the 60 s mean time
for detect and classify. Additional information on the sensitivity analysis can be found in
Appendix F.
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Figure71. Sensitivity analysis for the alternatives using a mafa60 seconds

This figure shows the results of the sensitivity analysis using a mearotié@ secondt¢o detect and
classify The standard deviations used were 20 s, 40 s, and 80 s. The error bars on the box plots show the minimum
ard the maximunvalues calculatedhe boxes themselves cover the 25th percentile to the 75th percentile. Where
the boxes change color shows the median value of the data.
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For the metric of Undetected iMes the analysis shows that Alternativ@ne is
statistically bettethaneither of the other two alternative&igure72 displays the results for the
undetected mine metric for Minefield 1, aRtjure 73 displays the results for the undetected
mine metricfor Minefield 2. The results of Alternativ®neand AlternativeTwo clearly show
the difference in the P.. Although the difference between AlternatiVevo and Alternative
Threeis not statistically significant, vas demonstrateithat when Alternativ hreeperformed
the search of the minefield, the error of the navigation caused a few mines to be outs&le of t
sensor range.
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Figure72. Undetected Mines in the Minefield 1.

Thisfigure shows the percentage of undetected mines remaining after a single sweep of the minefield. This
value is driven both by theyP. and the error in navigationThe error bars on the box plots show the minimum and
the maximum values calculated, the boxes themselves cover the 25th percentile to the 75th percentile. Where the
boxes change color shows the median value of the data.
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Figure73. Undetected Mines in the Minefield 2.

Thisfigure shows the percentage of undetected mines remaining after a single sweep of the minefield. This
value is driven both by theyP. and the error in navigationThe error baren the box plots show the minimum and
the maximum values calculated, the boxes themselves cover the 25th percentile to the 75th percentile. Where the
boxes change color shows the median value of the data.
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E. NUMBER OF SYSTEMS NEEDED

Therequirenents analysis founthat the threshold ACR of the system needs to be 0.083
n.m%hr, with an objective of 0.128.m%hr. These values were determined by taking the entire
possible area of coverage divided by the amount of time that wowddieable to search before
an amphibious assault. The results fordineulatedACR, for all architetures, were determined
for one vehicle in the 500 yard by 500 yard test area. The difference between the requirements
and the simulated results foutidt one vehicle would not be able to complete the entire mission
in the required time.

In order to determine the number of systentumed to achieve the capability for the
entire missionthe required ACR was divided Ithe alternativef Yhinimum modeled AQR.
These valuesvere rounded up and can fouma Table 23. From this calculation,tiwas
determined that 6ystems were needéar Alternative One, 28ystemdor Alternative Two, and
34 systemdfor Alternative Three. With the wide variety in the required number of vehicles, a
decision needed to be made as to which values would be used for further analysis. Tdfe basis
this decision was that thareshold was theninimum requiredvalue for a system to be deemed
acceptable.

Table23. Number of Vehicles Need to Achievagability

This table shows the number of vehicles needed in the search area in order to achieve the threshollmfho83
and objective of 0.126.m%hr. Vehicles highlighted are accepted as assumptions for further analysis in this report.

Alternative | Alternative | Alternative
1 2 3
Minefield 1
Number of vehicles needed to reach Threshold 6 29 34
Number of vehicleseeded to reach Objective 9 44 51
Minefield 2
Number of vehicles needed to reach Threshold 6 17 23
Number of vehicles needed to reach Objective 9 25 34

The performance of a vehicle in Minefield 2 was found to be better than in Minefield 1.
If the performance of the system could achieve the required threshold for Minefield 1, it would
follow that for Minefield 2 the performance would exceed the requinegshold. In order to
ensure that 99% of all searches were capable of meeting the threshold, the minimum ACR value
from Minefield 1 was selected as the value to compare to the requirement threshold. This was
because the ACR data had a normal distributwith the minimum being within two standard
deviations from the mean. Without improvements to the vehicle performance, the only way to
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reach the objective was to use additional vehicles which would not only increase the total overall
system cost, but hawenegative effect on the total logistical footprint of the system.
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VI. LIFE CYCLE COST ESTIMATE

A life-cycle cost estimate (LCCE) for each alternative was prepared in order to analyze
the total cost for acquisition and ownership of the MCM system oveiséhil life. This life
cycle cost (LCC) includes the cost of research and development, testing, acquisition, production,
facilities, operations, maintenance, personnel, environmental compliance, sustainment, and
disposal.

These LCC costs for each MCM s alternative are subtotaled in the following
lifecycle phases: research and development (R&D), investment, operating and support (O&S),
and disposal.

l. R&D: This category includes the cost of all research and development, from
program initiation througkhe Full Rate Production (FRP) decision.

Il. Investment: The total cost of the investment phase is included in this category. It
includes total cost of procuring the prime equipmegiated support equipmentaining initial
and war reserve spargse-planned product improvements and military construction.

[I. O&S: The bulk of lifecycle costs occur during this category, which covers the
cost of operating and supporting the fielded system. O&S includes all direct and indirect costs
incurred in using the syste e.g., personnel, maintenance, and sustaining investment
(replenishment spares).

V. Disposal: This category includes all costs related to disposing of the MCM system
at the conclusion of its useful life. It includes demilitarization, detoxification,-teng waste
storage, environmental restoration and related costs.

A. APPROACH

The LCCE was initiated utilizing recommended research provided by IRBMhard
Williams, USN (RET). His recommendation included utilizing the LCCE Breakdown Structure
out of Chapted7 in Blanchard and Fabrycky, Systems Engineering and Analysis, Fifth Edition
(Blanchard & Fabrycky, 2011)This provided a Cost Breakdown Structure (CBS) enabling cost
analysis down to the subcategory level.

In order to begi the LCCE process, we began by assuming the MCM program was
currently in the materiel solution analysis (MSA) systems engineering phase in accordance with
the Integrated Defense Acquisition, Technology, and Life Cycle Management System. During
this phasgethe analysis of alternatives was completed to assess potential materiel solutions to the
capability need, identify key technologies and estimate life cycle costs. Continuing to follow the
DoD Life Cycle Management System, the research, developmenantéstvaluation (RDT&E)
funding was used to support development efforts throughout the system lifecycle from advanced
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technology development, lasting through Milestone (MS) A decision; advanced component
development and prototypes, lasting from the MS Aiglen through the MS B decision; the
systems development and demonstration, from the MS B decision through the MS C decision;
and management support, lasting through FRP.

Next, the procurement (PROC) funding was used to finance investment items and should
cover all costs integral and necessary to deliver a useful end item intended for operational use or
inventory. This funding would be used from the MS C decision through FRP or deployment.

The operations and maintenance (O&M) funding was used to finamggs tthat derive
benefits for a limited period of time, including expenses, rather than investments. O&M funding
would be used from FRP through disposal. Some examples include: headquarters operations,
civilian salaries, travel, fuel, expenses of operal military forces, training and education,
depot maintenance, and base operations support.

The R&D cost category utilized available RDT&E funding. Likewise, the investment
cost category, (which were noted as acquisition, production and construatiimgd available
PROC funding. The O&S and disposal cost categories utilized available O&M funding.

The MCM program is currently nearing completion of the systems engineering MSA
phase. It is anticipated that it will take an additional six months defoMS A decision is
reached. This program will take one year to complete the systems engineering technology
development phase and obtain a MS B decision. The engineering and manufacturing
development systems engineering phase will take a total of apaiety 2.5 years before a MS
C decision is reached. The System Integrated Design will take approximately one year; followed
by the system capability & manufacturing process demonstration, which will take another 1.5
years to complete. It is anticipatdht the duration of the production and deployment phase will
be 5 years total: two years to complete low rate initial production (LRIP) and three years to reach
a full-rate production (FRP) and deployment decision. The O&S phase will last approximately
12 years. Life cycle sustainment will last approximately 8 years followed by 4 years for system
disposal. The overall MCM system litgcle is estimate to conclude in 3@ars based off
information fom the MK 18 LCCHTecolote Reearch, Inc., 2008)

Continuing the Life Cycle Cost Analysis, the CBS was developed. The ROlgytfe
cost estimate was generated by referencing the MK18 UUV service based contracts estimation
related report¢TecoloteResearch, Inc., 2008; PMS 408, 201The cost information from the
MK18 was obtained from multiple sources, including service contracts, subject matter experts
(SME), and limited available reference documentation.
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Technical skill and ability for thiproject has been estimated at a-GSlevel for all
labor categories throughout this projentluding, but not limited to the project manager,
software engineer, and technicians throughout the lifecyClde average labor rate was
estimated at $200K penan year, based upon loaded rates for NAVSEA in the Newport area
(Castonguay, 2011)The labor throughout the LCCE was adjusted to include an estimated 4%
annual inflation ratbéased on predicted six year inflation up tré¢idMahon, 2012)

The material costs were estimated using a combination of quotes, open literature vendor
data, GSA schedule databdike IHS HaystackIHS Inc., 2012)and PMS 408 (EOD) program
office. The majority of required materials were identified for cost estimation, however not all
materials for a complete system were identified. In addition to the materials, the facility costs
were based off a $10 per square foot estimate. The tatlafadacilities was based on the total
estimated area required for each system. The material and facility costs throughout the LCCE
were also adjusted to include the estimated 4% annual inflatiofMekéahon, 2012)

B. ALTERN ATIVE ARCHITECTURE COSTS

This section presents the estimated costs over the projectegdiéeof each alternative.
These lifecycle costs weresed in order t@erform a cost analysanddetermine tk preferred
alternative. A bottomup cost estimatevas conducted for each alternative with a modular
approach accounting for the MCM vehicle, control station, and support equipment/facilities to
arrive at a total MCM system cost. A&tdiled costs breakdowar each alternative can be found
in Appendix G

1. Alternative One Costs

The LCCE analysis for this alternative was baseda system consisting of six vehicles to meet

the threshold requirements farworst case scenariminefield 1) as shownn Table23. The
estimated total cost for Alternative One was calculated at $100.45M. The following paragraphs
detail the overall cost for each phase of the system lifecycle

a. R&D Costs
The R&D phase igour years (FY¥1 through F¥4). The total cost estimatidior this
phase is $39.49M as showm Table 24. The R&D phase was broken into stategories to
determinethe R&D costs System/Production, Product Planning, Product Research, Engineering
Design, Design Documentation, and System T&Each of these categories was also broken
down into subcategories. The breakout of these categories into subcategoriesotar e
Appendix G. The values shownTiable24 are summations of each its subcategories.
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Table24. Summary of Alternative One R&Dosts

Summary of the MCM Alternative i R&D costs. The table was compiled from the LCCE spreadsheets generated
using multiple sources for cost estimation.

R&D Category Cost
System/Production $1.83M
Product Planning $0.21M
Product Research $0.89M
Engineering Design $23.38M
Design Documentation $0.87M
System T&E $12.31M
Total $39.49M

System/Prodction costs included paying Project Manager for FY-4 one man year
(MY) each yeara Production Manager for FY-8 one MY each yegra Logistics Support
Manager for FY 12 one quarteMY each yearanda Logistics Support Manager for F¥-8one
MY each year Each of these amages were estimated at averagerate of $200K plus an
inflation rateof 4% for eachyear past FYL. TheProject Managewould be required from the
onset of the projectThe Production Manager was deemed necessary once the designs had taken
shape and requirements started. The Logisticp@tplanager would be need pérhe from
day 1 and would ramp up toll-time staring in year three for the same reasons the Project
Manager is needed at that same time.

The mainfactor of costin R&D was the Engineering Design. Engineering Design was
broken up into several phases/categoriggstems Engineering, Conceptual DesigejiRinary
Design, Detailed Design, Design Support, Design Review, @oftware Engineering.The
$200K averagevork-year ratevas also utilized for all of the personnel working these phases. In
FY 1&2, a System Engineer would be used to help arrangeeign efforts and work with the
Project Manger to develop the plan for despyase. The Conceptual Design was performed in
FY 1&2 by two designers. The Preliminary Design was estimated to be performed in FY 2&3
by two different designer The DetailedDesign was plannechiFY 3&4 by another set of
designers. Design Support was astimated to be required Ky 3&4. Design Reviews were
scheduled to occur in FY 2, 3, and 4. During FY 4, the Preliminary Design Review (PDR) and
Critical Design RevieWCDR) were estimated to take place, which resulted in an increase of cost
incurred during FY4 when compared to othearnge The Software Engineering wiae largest
single cost factor for the Alternative One R&D phase. The amount of the lines of code was
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considerably larger for this design than what would be needed for the other two alternatives due
to the large amount of internal processing required.

b. Investment(Acquisition/Production/Construction)Costs

The total cost estimation for the investment gghavas found to b$26.04M as showmi
Table25. The Investments phase is five years &Y¥hrough F¥9) long and was broken into
the following five categories to determinghe respective investment costs: Industrial
Engineering, Manufaating, Construction, Quality Control, and Initial Logistics Suppdttach
of these categories was also broken down into subcategories. The breakout of these categories
into subcategories can be found in Appendix G. The values shoWabla25 are summations
of each its subcategories.

Table25. Summary of Alternative One Investment Costs

Summary of the MCM Alternative & investment costs. h€ table was compiled from the LCCE spreadsheets
generated using multiple sources for cost estimation.

Investment Category Cost
Industrial Engineering $9.50M
Manufacturing $11.89M
Construction $2.85M
Quality Control $0.76M
Initial Logistics Support $1.04M
Total $26.04M

Industrial Engineering and Manufacturing were the largest two contributors to the
Investment Costs. The Industrial Engineering Costs were broken out into Plant Engineering,
Manufacturing Engineering, Methods Engineering, Producti@antrol, and Sustaining
Engineering. For each of the exthatives, the original valuesere based upon one supporting
person working each phase. It was determined later that Alternative One would be more
expensive due to the additional requirementsrgfiementing the software during the integration
period.

The Manufacturing Costs were comprised of the Tooling/Test Equipment, Fabrication,
Material, Subassembly/Assembly, Inspection & Test, Packing & Shipping, and Manufacturing
Rework. The values foeach of these sections were based uponigusvmanufacturing
experience from members tfe cohort. The materiavasthe only line item that was based
upon the actual material costs and quantity of assemblies required to make one complete system
(Alternative One = 6, Alternative Two = 29, and Alternative Three = 34).
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c. Operating & SupportCosts
The tdal cost estimation for the Operating and Support phase is $30.57M and is broken
outin Table26. The O&S phase isgit yeas long (FY¥-10 through FY17) and wadroken into
the following categries: System/Product and Sustaining Codisich of these categories was
also broken down into subcategoriéhe breakout of these categories into subcategories can be
found in Appendix G. The values showrnTiable26 are summations of each its subcategories.

Table26. Summary ofAlternative One O&S Costs

Summary of the MCM Alternative i O&S costs. The table was compiled from the LCCE spreadsheets generated
using multiple sources for cost estimation.

0&S Category Cost
System/Product $5.59M
Sustaining $24.99M
Total $30.57M

The System/Produdosts weréroken out into Operating Personnel, Operator Training,
Operational Fallities, and System Maintainer categorieBhe costs per person per year for this
section wereb100K. The Operator Training was estimated at $si oughly two weeks per
year) per person. The facility requiremefite. production, storage, etér Alternative One
were estimated at 5000 sq. ft. ameeraging$10 per sqg. ft. per yegNational Reality, 2012)
These were both based upon average costs of renting facilities and tmeededwas based
upon previous area requirements of systems built and openategrbers of the cohort. For
Alternatives Two and Three, the amount of area was doubled due to the larger number of the
components needed. The amount of area needed wassedt sx@ely on sq. ft per system, but
also additional factors such as required support personnel to wdr& fadility to supporteach
alternative.

d. Disposal Costs

The total cost estimation for the Dispoghlase is $4.34M. Thegposal will consist of
the following categories:obistics support requirements equipment gpport transportation &
handling suppx, fadlities during a four year period, from F¥8 through FY21.

The Disposal costs were based upon the need of one person to perform logistics support
requirements fil time for four years. An additiongberson would be needed for personnel
support. Each of these personnel would be paid the $200K averegdy rate Since these
values are 18 years out, the 4% inflation rate assumed each year almost doubles their current
dollar equivalent. The equipment support and transportation/handling supgisrinere based
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uponcurrent shipping costs and equipment rental. Values were obtained from cohort member
experience. The Facility requirements were based on 5000 sq. ft. at $10 per sq. ft. per year.

The remaining Alternative Two and Three costs weterdgned by the above mentioned
methods. Variations between some of the alternatosts have been discussed previously.
Major differences in costs have been primarily attributed to quantities of people required
(example: Altenative Two require29 vehicles with 6 people supporting every two vehicles and
Alternative Three requires 34 vehicles with 8 people supporting éweryehicles) amount of
work needed to perform the action (example: Software Engineering in Alternative One)

2. Alternative Two Costs

The LCCE analysi$or this alternativevas basedn a system consisting of twentyne
vehiclesto meet the threshold requirements foworst case scenariminefield 1) as shownn
Table23. The performance of a vehicle in Minefield 2 was found to be better than in Minefield
1. If the performance of the system could achieve the required threshold for Minefield 1, it
would follow that for Minefield 2 the performance would exceed the required threshold. In order
to ensure that 99% of all searches were capable of meeting the threshold, the minimum ACR
value from Minefield 1 was selected as the value to compare to the requitireshbld. This
was because the ACR data had a normal distribution with the minimum being within two
standard deviations from the mean. Without improvements to the vehicle performance, the only
way to reach the objective was to use additional vehicléshwtould not only increase the total
overall system cost, but have a negative effect on the total logistical footprint of the. system

The estimated tal cost for Alternative Two was calculated to $285.08M. The
following sectiongletail the overaltostfor each phase of the system lifecycle

a. R&D Costs

The R&D phase is four yeaneng (FY-1 through FY¥4) and isestimationto cost
$24.96Masshown inTable27. TheR&D phase was broken into stategories to determine the
R&D costs System/Produabn, Product Planning, Product Research, Engineering Design,
Design Documentation, and System T&Each of these categories was also broken down into
subcategories. Thareakout of these categories into subcategories can be found in Appendix G.
The values shown iMable27 are summations of each its subcategories.
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Table27. Summary of Alternative Two R&D Costs

Summary of the MCM Alternativewo R&D costs. The table was compiled from the LCCE spreadsheets
generated using multiple sources for cost estimation.

R&D Category Cost
System/Production $1.83M
Product Planning $0.21M
Product Research $0.89M
Engineering Design $11.23M
Design Documentation $0.87M
System T&E $9.93M
Total $24.96M

b. Investment(Acquisition/Production/Construction)Costs

The total cost estimation fohe Investmentphase is $50.20M as seenTiable28. The
Investments phase is five years (bYhrough F¥9) long and was broken into the following five
categories to determine the respective investment costs: Industrial Engineering, Manufacturing,
Construction, Quality Control, and Initiabgistics Suppdr Each of these categories was also
broken down into subcategories. The breakout of these categories into subcategories can be
found in Appendix G. The values showrTiable28 are summations of each its subcategories.

Table28. Summary of Alternative Two Investment Costs

Summary of the MCM AlternativeWo investment costs. The table was compiled from the LCCE spreadsheets
generated usingultiple sources for cost estimation.

Investment Category Cost
Industrial Engineering $6.34M
Manufacturing $31.40M
Construction $5.30M
Quality Control $3.02M
Initial Logistics Support $4.15M
Total $50.20M

c. Operating & Support Costs
The total cosestimation for the Operating and Suppgoinase isestimated at $204.54M
and is detailedh Table29. The O&S phase is eight years long (E¥ throughFY-17) and was
broken into the following categorieSystem/Product and Sustaining CostBach of these
categories was also broken down into subcategories. The breakout of these categories into

206



subcategories can be found in Appendix G. The values showable 29 are summations of
each its subcategories.

Table29. Summary ofAlternative Two O&S Costs

Summary of the MCM Alternativewo O&S costs. The table was compiled from the LCCE spreadsheets generated
using multiple sources for cost estimation.

0&S Category Cost
System/Product $135.7M
Sustaining $68.80M
Total $204.54M

d. Disposal Costs

The total cost estimation for the Dispogdilase is $5.38M.The disposal will consist of
the following categories:obistics support requirements equipment gpport transportation &
handling supportfadlities during a four year period, from F¥8 through FY21.

3. Alternative Three Costs

The LCCE analysidor AlternativeThreeis basedne system consisting of thirfgur to
meet the threshold requirements #oworst case scenariminefield 1) as shown inTable 23.
The estimated total cost forltArnative Three was estimated to 1$826.33M. The following
paragraphs detail the overall cost provided for each phase of the system lifecycle.

a. R&D Costs

The R&D phase is four yealsng (FY-1 throughFY-4) and thedtal cst is estimated to
be $23.97M, showim Table30. The R&D phase was broken into soategories to determine
the R&D costs System/ProductignProduct Planning, Product Research, Engineering Design,
Design Documentation, and System T&Each of these categories was also broken down into
subcategories. The breakout of these categories into subcategories can be found in Appendix G.
The values sbwn inTable30 are summations of each its subcategories.
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Table30. Summary of Alternative Threle&D Costs

Summary of the MCM Alternativefiree R&D costs. The table was compiled from the LCCE spreadsheets
generated using multiple sources for cost estimation.

R&D Category Cost
System/Production $1.83M
Product Planning $0.21M
Product Research $0.89M
Engineering Design $11.23M
DesignDocumentation $8.94M
System T&E $4.84M
Total $23.97M

b. Investment(Acquisition/Production/Construction)Costs

The total cost estimation for this phase is $41.48M showrable31. The Investments phase

is five years (FY5 through FY9) long and was broken into the following five categories to
determine the respective investment costs: Industrial Engineering, MamurfgcConstruction,
Quality Control, and Initial LogisticSupport. Each of these categories was also broken down
into subcategories. The breakout of these categories into subcategories can be found in
Appendix G. The values shownTable31 are summations of each its subcategories.

Table31 Summary of Alternative Three Investment Costs

Summary of the MCM Alternative Aree investmentosts. The table was compiled from the LCCE spreadsheets
generated using multiple sources for cost estimation.

Investment Category Cost
Industrial Engineering $6.34M
Manufacturing $22.67M
Construction $5.30M
Quality Control $3.02M
Initial LogisticsSupport $4.15M
Total $41.48M

c. Operating & Support Costs
The total cost estimation for this phase is $255.50M illustratdchiohe 32. The O&S phase is
eight years long (FY0 through F¥17) and was broken into the following categories:
System/Product and Sustaining CostSsach of these categories was also broken dowm int
subcategories. The breakout of these categories into subcategories can be found in Appendix G.
The values shown iMable32 are summations of each its subcateggor
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Table32. Summary ofAlternative Three O&S Costs

Summary of the MCM Alternativeliree O&S costs. The table was compiled from the LCCE spreadsheets
generated using multiple sources for cost estimation.

0&S Category Cost
System/Product $201.70M
Sustaining $53.80M
Total $255.50M

d. Disposal Costs
The total cost estimation for this phase is $5.38M. Thpadial will consist afhe
following categories:dgisticssupportrequirementsequipment gpport transportation &
handling supportfadlities during a four year period, from F¥8 through FY21.

C. LCCE COMPARISON

The analysis of the cost is based on the LCCE for each alternative. The key drivers
impacting the overall cost are analyzed by-tfele phase. The tdtaosts for each alternative
are presented ihable33 and illustrated in a stacked barHigure74.

Table33. Life Cycle Cost Estimation Summary for each Alternative

Summary of the overall total costs for each MCM alternative broken down by R&D, investment, O&S and disposal
for each. The table was compiled from the LCCE spreadsheets generated using multipés $oucost estimation.

ALT ERNATIVE ALT ERNATIVE ALT ERNATIVE
ONE TWO THREE
R&D $39.49M $24.96M $23.97M
Investment $26.04M $50.20M $41.48M
0&S $30.57M $204.54M $255.50M
Disposal $4.34M $5.38M $5.38M
TOTAL $100.45M $285.08M $326.33V
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Figure74. Total Stacked LCCE Costs for MCM Alternatives

The overall total costs (shown in $K) for each MCM alternative are compared, stacking R&D, investment, O&S and
disposal for each. The total cost for each alternative is: $100,480&r(ativeOne), $285,080K A lternative

Two), and $326,330KAlternativeThree). The largest impact on total costAdternativesTwo andThree is noted

during the O&S phase. The largest impact on total cogtlfernativeOne is during the R&D phase.

1. R&D Cost Comparison

The labor impacted the total cost between each alternative with the most significant labor
driver in design and building th@ototypes. The design labor required to @ehe software for
Alternative he was approximately thréenes as expensive as the other two alternatives. The
amount of processing required for this fully autonomous alternative requires more lines of code,
thus more software engineease needed as commuted 6YOCOMO Il webbasedsoftware
estimation tool(Madachy, 2012) The other two alternatives will have mooperational
personnel working with the systems and will require less processing/less lines of code. The
major differences in building prototypes are the number of vehigdguired to build. In
Alternative he, six vehicles are required, tweimtiye are requir for Alternative o, and
thirty-four are needed for Alternativehiiee. In addition to labor, materials significantly
impacted the total cost. In summary, the IR&osts forAlternative One, Two, and Three are,
respectively: $39.49M, $24.96M and $23.97M. TheAlternative One R&D cost is
approximately $15M and $16M higher thAiternativesTwo andThree, respectively. As stated
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above, this is mainly due to thiecreased software labor needs and the system complexity of
$OWHUQDWLYH 2QHTV IXOO\ DXWRQRPRXV UHTXLUHPHQWYV

2. I nvestment (Acquisition/Production/Construction) Cost Comparison

The major driver between alternatives is the quantities of vehicles per systetmagffe
the construction and production costs. Other major costs included in each alternative are the
facility, area, and material. In summary, the total investment cosltennative One, Two,
and Three are, respectively: $26.04850.20M and $41.48M. The cost per vehicle for each
alternative are: Alternative One = $4.34M/vehicle ($26.04M/6 vehicles), Alternative Two =
$1.73M/vehicle ($50.20M/29 vehicles), and Alternative Three = $1.22M/vehicle ($41.48M/34
vehicles). Even though the price per vehiclanore for the Alternative One, the quantity of
vehicles needed is only six and this results in a total cost considerably less than the Alternatives
Two and Three. The Alternative Two investment costs are just short of $9M higher than
Alternative Threeand just over $24M more than Alternative One. Although, the Alternative
Two number of systems is lower than Alternative Three, the materials costs per system are
higher.

3. 0O&S Cost Comparison

The most significant impact to alternative costs is the munmdf operators and
maintainers required. In order to support the number of vehicles (Alternative One = 6,
Alternative Two = 29, and Alternative Three = 34) and keep each alternative system fully
operational, functional, and continuously supported, tHwiing number of personnel are
required: Alternative One = 12 operators (2 operators per vehic vehicles) and 2
maintainers total; Alternative Two = 87 op#ars (3 operators per vehicle29 vehicles) and 8
maintainers total; and Alternative Threel36 opeators (4 operators per vehicle34 vehicles)
and 10 maintainers totaln summary, the O&S costs fédternative One, Two, and Three are,
respectively: $30.57M, $204.54M and $255.50M. The Alternative Three Q&costs are
approximately $51M higher than Alternative Two, and nearly $225M more than Alternative
One.

4. Disposal Cost Comparison

The significant impacts to cost are the transportation and facility requirements for each
alternative. In summary, the disg@ costs for each alternative are: $4.34M, $5.38M and
$5.38M. The disposal costs for Alternativer@ andthree are nearly $1M more than Alternative
Onemainly due to the total number of vehicles in the fleet.
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D. LCCE RESULTS

Based on the cost comparisdhlternative One provides the lowest lifecycle costs as
compared tAlternativesTwo andThree. The difference in total costs betwédiernativeOne
and Two is just under $185M. The difference betwegtiernative One and Three is
approximately $226M.

Figure 74 illustrates that the 8 year O&S lifgycle phase is the largest driver of cost for
AlternativesTwo andThree and the 4 year R&D lHeycle phae impacts cost the most for
Alternative One. If longer sustainment is necessatgen Alternative One would have a
substantial cost benefit over the other alternatives based on the LCCE performed.

The final key variable to cost is the number of vehickguired per system in each
alternative to support the mission. The material and facilities costs are major cost onpatcts
the number of required vehicles for alternative systeBecauselternativeOne requiresewer
vehiclesin its system configration, itwill have a lower costelated to materials and facilities.
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VIl.  ANALYSIS OF ALTERNAT IVES

A. BENEFIT ANALYSIS

To complete the overall assessment of each alternathenefitanalysis was performed
to compare the effectiveness and lifecycle costofact The objective of the analysis was to
select the best recommended system by examining all the factors to undetsahiatternatives
have the most benefits and the least amount of detractors.

1. EffectivenessEvaluation

The effectiveness analysis was conducted on the three Meabfésctiveness (MOES)
of ACR, stealth, and undetected mineSince themodel was based on one vehicle for each of
the alternatives to calculate the MOEs, the evaluation of the number ofegehill have to be
applied to each alternative to get a whole system tdendystem comparison. Thssessment
considerghetotal number ofMCM vehiclesrequired for each alternative system

The Alternative One architecture achieved the best perfocmacores for the MOEs
over the other architectur@s modeling and simulation Alternative Tworeceived the second
best scorewhile Alternative Three showed the lowest scores in all three kd&gories Table
34 summarizes theank-ordered scores for each alternative ingffectiveness analysis.

Table34. RankOrderedScoresof Alternatives

This table showtherankorderal scoresof the alternative systenfigr each MOE assessefl.score ofl is thebest
while a score oB is theworst

Measure of Effectiveness Data Alternative
(MOE) Type One Two Three
Area coverage Raten.m“/hr) Rank Test 1 2 3
Stealth (%)Rank Observed 1 2 3
Undetected Mines (%ank Test 1 2 3

Modeling and simulation also calculated the number of vehicles required to meet the
mission need for each alternative. While the number of vehicles for each systeasedit did
not affect the performance ranking of the systermhis is due to the fa that the number of
vehicles increased more for the lower ranked alternatiit@s.understood that while the metrics
of ACR, stealth, and undetected mines may change due &aldlition of more vehicles to cover
the entire mine field in the requiredne frame the resulting effects that the gaps between the
VA\VWHPVYT SHUIRUPDQ F HBagdedm0 the Quinbet &f FFdd uir&d\Wighicles dach
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alternative, it wasdeterminedthat there isno impact on the rankrdeing of alternatives
presentedn Table34.

2. CostEvaluation

Cost is a majoffactor in the decision for selecting the bafiernativefrom the three
alternatives Table 35 summarizes the total Life Cycle Cost estieat each alternativéaking
into account the number of vehicles required at the system level.

Table35. Life Cycle Cost Estimation Summary for Each Alternative

This table showthe overall lifecycle cost per phase for each alternative.

: Alternative
Lifecycle
Phase One Two Three
R&D $39.49M $24.96M $23.97M
Investment $26.04M $50.20M $41.48M
0&S $30.57M $204.54M $255.50M
Disposal $4.34M $5.38M $5.38M
TOTAL $100.45M $285.08M $326.33M

It is evident fromTable 35 that Alternative One is overall the least costlystem
followed by Alternative Two and Alternative Three as the most costly.

3. Benefit Analysis Process

In an attempt to determine which altative was comparatively the better choice, a
beneftDQDO\VLYV ZDV SHUIRUPHG WR FRPSDUH. AHsEaldMativiWHP §V F
shows which alternative results in the best combination of cost and effectiveness.

Figure75displays each of these alternatives with their overall performance and total cost.
Alternative One has the lowest cost and with the highest score for each MOE. Alternative Two
has thesecond best cost and performance scores while Alternative Three was the worst
performing system with the highest cost. Therefore Alternative One possesses the highest
performance of the three alternatives as well as the lowest Life Cycle Cost andhssour
selection from the alternatives evaluated.
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Figure75. Decision evaluation chart

Thetotal lifecycle costs (shown in $M) and overall performance for each MCM alternative are displayed to aid in

the comparative analysis for kiag a best selection. The dashed lines separate the MOEs evaluated for each of the
alternatives allowing the comparison to remain on one chart.

B. BENEFIT ANALYSI S SUMMARY

To provide a finalsystemrecommendationa benefitanalysiswas conducted based on
the analysis of the performance and cost of the alternatikstrnative One has a much higher
R&D phase cost than the other alternatives showialrie 35, but due to its considerably lower
O&S costs it remains as the lowest cost optiddased on cost ivas still themost favorable
choice when compared to Alternatives Two and Three. If th& @Rase was shorter than 8
years, Alternative One would not be the lowest cost; however the O&S duration is considered
conservative and less than 8 years is naagonablestimation. Since the results for both the
effectiveness and lifecycle cost arsdg had the same top candidate, blemefit analysis

confirmed that Alternative One was the best selection proviti@gnost affordable system with
the besbperational effectiveness.
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VIIl.  CONCLUSION

A. FINDINGS

The comparisomf Alternative One, Two and Three displayed the benefit of each of the
recommended capability gap solutions. The overall sysemmmmendationAlternative One,
was a system that includddlly autonanous capabilities, mboard reatime data fusion and
processing, anda reaktime communications network witan OTH capability. The other
alternatives wre found to beable to the complete MCM missionutbdid not always meet
developedstakeholderequirenents. For example Alternative Two did providea reduction of
DTE time by using a realime communicatiog network, but the burden atlentifying,
classifying and processing targetss still placed upon human operators requiring increased
manpower support compared to Aftative One. Alternative Threeid not utilize reattime
communications oprocessingrequired small craft support in order to operaed PMA was
needed to detect mines in the area of concern

This capstone project has identified and evaluatmohbility gaps inthe MCM DTE
sequenceperformed inthe VSW zonen areas of denied access support ofamphibious
operations Realisticmaterialsolutionsto bridge the gap in the 11b year timeframéave been
developed and the best alternative hasnbecommended that reduces the DTE time, removes
the man from the minefield, reduces burden of MCM operations on humangnaoesPMA.
The comprehensive methodology utilized this research can be uség the Navy for further
development ofuture MCM systens. Although &inal architecturerecommendatiomas been
made, further investigation is needed in key areas before the concept can be rédiiesel.
areas include the technical developmeitautonomous capabilitiesgsearch and investment in
developing reatime OTH commuitation capabilitiesdata fusionfrom multiple sensors for
mine detection and identification, and reseantb the bestenergy source for the recommended
alternatives.

At the start of this project, six questions werecatttited to guide the researchsupport

finding a solution to the capstone problenthe following summarizes the answers that were
presented within the body of this report.
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1. Is it possible to completely remove the man/mammal from the minefieidg UMCM
operations?

As shownin Alternatives One and Two, removing the man and mammals from the
minefield is possible. Thisan be accomplishedsing UUV technology in fully/semi
autonomous and telgperated modes withraattime communicatiometwork.

2. Is it possible to have a system or system of systems that can detect and clear a minefield
path for amphibious landings within the required CONOPS time specifications?

A system of systems composed Alternative One vehicles along with a separat
neutralization vehicle would be able to detect and clear a minefield within timefra
requirements. Alternative One vehicle concepts can map a path through the minefield
without having tophysically disableany mine so that the amphibious landing forcan

make its way through and then at a later point effectively clears necessary targets in the
minefield.

3. Will the MCM solutions present today or planned in the near future be able to handle
current and future threats?

As shownthrough this reportthesystems today cazonductimited MCM search, detect,
identification and classificationBased only on the available open literature, it is unlikely
that the current solutions and those planned for the near future will meet the need for
conductingfull DTE MCM operations

The task of physicalautralization not including avoidance techniquésthe VSW zone
today is also a limited capability not only in technology but with doctrinal restraints.
There are planfor developing UUV neutralizatiom the VSW zonethat is projected to

be available within the next few yearsBased onavailable open literatur@ was
determind that our system would beffective againstfuture threats This report has
recommended an architecture that will be able to haolle current and future threats
with the imposed requirement of stealth to support amphibious operations.

4. What is the greatest obstacle in reducing the DTE sequence timing?

At this point in time the greatest obstacle to reducing the dietestgage seance
timing is the lack of realime analysis of the minefield. As showg the results fothe
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research irthis project, this can potentially be overcome by investing in establishing a
reattime network capahty through a buoy network asimilar communications and data
processing systems

. What alternatives exist to overcome obstacles to reducing the DTE sequence timing?

As noted in the response question fourone method for reducing the DTE sequence is
establishing a redglme communication etwork to enablen-the-loop mission analysis.
This effectively could reduce theme required fotarget analysis portion of the mission
by half.

Another method for reducing the DTE sequetioge would be the use of autonomy
during target processinglt has been noted by stakeholders and professionals in the
MCM community that humans conducting mission analysis puts a huge burden on the
operators and can be time intensive, inconsistent (dependent on the training the operator
received), and at times mhoces an abundant amount of false targets. The introduction of
data fusion, automated target recognition software could prove to reduce the time it takes
to identify and classify a target.

Additionally it was found in this repothat in order to searclietect, classify, identify
mapand neutralizehe minefield in the required 48 to 72 hqumsultiple vehicleswould
be required

. For an implemented solution, what are the risks and benefits?

A risk identified using armutonomous based platformtigat divers may not be allowed

or available to visually identify and confirm a mine prior to having the mine being
neutralized. This risk could be mitigated by ensuring maturity of the technology through
proven capability and performance

A second risk of theecommended solution is faleegativeor false positiveseporting,

in thatthe vehicle incorrectly identifies an object as a-nmane, when in fact it is a real

mine or it identifies a normine as a mine This risk could be mitigated by fine tuning
sengrs and detection algorithms based on environmental conditions and proofing out the
performance to ensure target identification is accurate.
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The main benefit from using an autonomous based platform is that it enables the removal
of man and mammal from theinefield not only in the AO but out of the target
processing loop.

B. RECOMMENDATIONS
The followingrecommendations are made

1. Invest in development and employment of autonéomgmove operator burden

2. ldentify and investin methods and structures to provide +&é@mle communication
specific toMCM operations

3. Continue to research methods and solutions for OTH capabilities

4. Invest inefforts to increaspower availability and power management architectures

5. Continue reseah methods for DTE reduction and identifying method efficiency for
current system solutions

6. ldentify a Lead Systems Architect to manage MCM system interoperability.

7. Update MCM operational doctrine to reflect the current state of technology.

C. SUMMARY

The VSW environment has been identified as a difficult, diverse environment. There are
unique challeges that a system design must meet todpable of conducting the MCM mission
with reliable results The solutions of the future must be designed madaged to meet the
needs of the stakeholdas well as be able to reliably perform as an affordable solution.

As technology bthe enemy progresseBICM technology design must change to meet
this challenge.With a lead system architect identified itllmensure that an effective solution is
achieved to enable interoperability among systamather than having several program offices
and branches working individually on the same effoiithe lead systems architeshouldhave
the oversight ofhedevebpment of SoS for MCM operations and can liaison with Marine Corps
representatives to ensute developed MCM capabilisufficiently addresses their needs.

Although stakeholders have indicated the need for DTE reduction and systems that
enable single @assDTE operationsit has been assess#tt neutralizationshould becompleted
separately.Minefield reutralization is complex and in order to suppotstnde neutralization in
the future, the neutralization platform will need to be a separate systemer to continue and
complete the search, identification and classification of the entire AO.
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As technology in search, identification, and classification progressesnecessary to
continuallyreassess technology readiness in otdemable a chige inMCM doctrineto allow
for auto target recognition and neutralizatiorCurrentdoctrine restrictscertain aspects of
autonomy and auto target recognition capabilities because oédqo@ement for targets to be
identified aad confirmed by divers liere theycan beauthorized to be neutralizedduto target
recognition and autonomygmrithms are becoming more prevalent todag are on the verge of
becoming anature technology. The MCM community must be willing to accept this technology
as an availble capability if removing the living element from the minefield is to become a
reality.
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APPENDIX A: CURRENT AND FUTURE MCM SYSTEMS

A. CURRENT SYSTEMS

1. Unmanned Underwater Vehicles

a. MK 18 MOD 1

Figure 76 displaysthe MK18 Mod 1 Swordfisha small, tweperson portable, loveost
UUV support craft taskedo locate bottom and tethered miiiiee objectsin specific lanes
through the VSWzone. This UUV system utilizes integrated sensors and navigation technology
and is launched to map the potential mines in the VSW zone for avoidance, or later clearance by
other MQM assets.The MK18 Mod 1 Swordfisiprovides rapid object localization for confined
areas (inlets, berthing areas, between piers and pilings, confined channels and rivers) and open
areas (large open channels, harbors and anchorageiarapgp 300 Eet of Sea Water (FSW).
This UUV system isdentical in configuration to the VSW Mine Countermeasures (MCM) MK
18 Mod 1 Swordfish Unmanned Underwater Vehicle (UUV) system and has an endurance of 10
hours at 4knots. The project office for the MK18 Mod 1 Swordf8bttom Unmanned
Underwater Vehiclé.ocalization SysteniBULS) is PMS 408 (EOD).

Figure76. MK 18 MOD 1 Swordfish UUV System

The MK18 Mod1 Swordfish shown has the advantage that it is of low cost and can be used on missions to locate
mine-like objects in the VSW zwes. This system requires a two person team to launch and recover the unit
(AUVAC, 2007).

The MK 18 Mod 1 Swordfish is capable of navigating via acoustic transponders in long
baseline or ultrahortbaselinemode or via Reoded GPS. Upward and downwardooking
acoustic digital velocity log improves deaeckoning accuracyOnboard sensors include water
turbidity, water temperature and conductivity, ssan sonar, and downwal@bking camera
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(AUVAC, 2007) A disadvantage of dead reckoning is that any errors and uncertainties of the
process are cumulative (since new values are calculated exclusively from previous values);
therefore, any error or uncertainty in the value increastbselapsed time.

The MK18 Mod lhas a thruster propulsion systéhat can sustain a nominal speed of
approximately 1.5 m/s for 22 hours. 1t is limited to a maximum forward speed of 2.6 m/s for
approximately 8 hours. The system is capable of a maxigepth of 100 meters and can be
delivered by hand or a vessel of opportufigVAC, 2007).

b. AN/AQS-20 Mine Hunting Sonar System

The AN/AQS-20 Mine Hunting Sonar System, shown igure 77, is a towed sonar
mine-hunting system that can detect and classify drifting, moored, and bottom mines in deep and
shallow water(AN/AQS-20A Minehunting Sonar Systen2008) It includes aheatboking
search, volume search, ghlter, sidelooking classification sonar, and an eleebftic
identification device(Naval Mine Warfare, 2001) The AN/AQS20 automatically localizes
mine-like objects and provides the operator with a visual image and a contact datallist.
mission data is recorded for pastssion analysifAN/AQS-20A Minehunting Sonar System,
2008) Since the A/AQS- 1 Yonarsuite was desigrd for depths greater than 40 feietis
considered iaffective inthe VSW (Keller, 1 AUG 2007)

Figure77. AN/AQS-20A Minehunting Sonar System

The AN/AQS20A Minehunting Sonar System has tiapability to detect and classify moored and bottom mines.
The system however cannot neutralize thréalf AQS-20A Minehunting Sonar System, 2008)
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C. Variable Depth AN/SQ@B2 Minehunting Sonar System

The AN/SQQ32Minehunting Sonar §stem seen inFigure 78, can be considered a
surfa@ MCM system since it is used as part of the onboard systethe iIMICM-1 Averger
class. The system helps ship detect and classify modern moorad bottom unburied mines
at both deep and shallow waters over a wide range of bottom conditions and distances
(AN/SQQ-32 Minehunting Sonar System, 2005However, he AN/SQQ32 system is not
effective in the VSW zone as it mt optimized for harsh littoral environments against stealthy
bottom mines Typically, after a mine is detected by the AN/SQ®) system, it relies on a
tetheredAN/SLQ-48 Mine Neutralization Bstem (MNS)to neutralize detected mines.

Figure78. AN/SQQ-32 Minehunting Sonar System

The AN/SQQ32 has the ability to detect and classify moored and unburied bottom riiinesystem carries the
advantage in that it detect mines in a wide range of conditi&SQQ-32 Minehunting Sonar System, 2005)

2. Diver Systems

Current diver systems include the use of the MK 15 Mod 1 Underwater ImagsiegrS
(UIS), the AN/PQSA handheldsonar, and the MK 16 Mod 1 Underwater Breathing Apparatus.
Although the diver systems present advantages in that they are easily launched, recovered, and
can be used in a covert manner, they have the distinct disadvamtige they put a diver, or
team of divers in the minefielshd have limited endurance
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a. Underwater Imaging System (UIS) MK 15 MOD 1

The Undewater Imaging System (UIS) is coupled witte Diver Visual Information
System (DVIS)and provides diers withthe unique capabilitpf a handield sonar system that
provides navigational capabilities for MCM operatioriBhe system comes equipped with the
capability to record the detection and classification images of-hk@ebjects(Stuart, 2005)

The system is capable of presenting, storing, and transferring digital target location, depth, and
imaging data in a format similar to, or compatible with, current MCM Command, Control,
Communications, Computers, and Intelligence (GQdijnats (Stuart, 2005) The system was
launched in January 2005 and replaced the AN/RQ8&andheld sonafCarsonJelley, 2011)

In the area of VSW and bottom mines, the underwater imaging system
integration with a diver should allow for refine classification and images of the objects based
on the described capabilities. This allows for quick and easy deployment of mine
countermeasure operations.

b. Underwater Breathing Apparatus (UBA)

The UBAIs a special breathing suit designed to help divers perform MCM operattons.
has a closedircuit which recycles the air in the dive cylinders without producing bubbles to
keep a clandestine profil&he UBA also has low acoustic signature and low retigrsignature
that allows divers to safely approach acoustic and magnetic influence triggered ordnance
underwater. The MK16 Mod 1UBA versionweighs 64pounds and allows diver to operate
underwater for up to 300 minutes (depending aiial predive pressure, required reserve
pressure, oxygen consumption by the diver, effect of cold water immersion on flask pressure). It
can help divers to operate to a maximum depth of 300 feet of sea water (BS\WWavy Diving
Manual Revision6, 2008) Improvements in gas usage, dive duration, and depth capabilities
provided by the UBA greatly increase the underwater duratior6tti@urs(MK 16 Underwater
Breathing Apparatus, 2007PMSEOD has already devgled MK 16 Mod 2, an improvement
of Mod 1, which includes Stealth EGR and VIPERE (Stuart, 2005; Cobham Life Support,
2009) shown inFigure 79. Other UBA currently used by Navy divermre theMK 25 and its
upgraded MK 25 Mod .2
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Figure79. MK16 MOD2

The MK 16 Mod 2 has the direct advantage the&n conplete the detedib-engage clearance process, although it
places the man in the minefigl8tuart, 2005)

C. Diver System Limitations

The use of divers in MCM operations has the advantage in that it allows for logical
thoughtand handsn processes through the mine hunting operatibhe main concern with
utilizing a diver systens the risk incurred bgxposing the diver or team of divers to the dangers
of the minefield. However, here are other limitations that affect theefulness of a diver
system.

The first of thesdimitationsis the safety zoneequired for divers.Figure 80 shows the
typical zone of safety that the diver mugterate withinto maintain a safe transit height above
the ocean floor to avoid dangers from marine life and ground obstaldes zoneincludes six
feet below the surface of the water to make sure there is plenty of clearance from surface crafts.
Thereis also a limitation of how close the diver can get to the ocean hatgproally this value
is two feet(Marine Corps System Command Infantry Weapon Systems, 2@ig to the safety
zone requirements, diver requires a mimum operating depth ot least 10 FSWMarine
Corps System Command Infantry Weapon Systems, 2011)
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Figure80. Diver Safety Zone Margins

Safety zone depiction for MCM diverst KH GLYHUYV VHDUFK GHSWK LV OLPLWHG IURP WK&
from surface ships abové&.he diver is also constrained to maintain an elevation of two feet from the sea bed to
avoid marine life and obstacle hazar@®larine Corps System Command Infantry Weapon Systems, 2011)

A secondimitation of diver systems is the physical capabilities of the divers themselves.
The speed, endurance, and air the diver can maintain factors greatly into the missiohdane. |
takeupwards of 5 hours and 45 minufes a diverto complete a sweep of a 250,000 Vaarka
under typical conditiongMarine Corps System Command Infantry Weapon Systems, 2011)
Similarly, sea state may also play a rolelasidingif a diving MCM mission can be carried out
due to physical constraints and safety factors.

Further, despite its benefits in helping divers have betterfgoerance in MCM
operationsglosedcircuit oxygen diving presents a degreeisk to causing medical problems to
divers such as central nervous system oxygen toxicity and convulsions, oxygen deficiency,
carbon dioxide toxicity, middle ear oxygen absorption, and water leaking into the canister
causing chemical injur{Stealth CDLSE, 2009)Systems such dhe MK16UBA, limits divers
to operating incurrents of less than 0.85 kn@t$S Navy Diving Manual Revision 6, 2008)

Because of these drawbackiyer units are limitedn performance compared to other
systemsand cannot satisfy large demandas fapid mine clearance to supp@mphibious
landings.
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3. Marine Mammal Systems

The US Navy currently has five Marine Mammal Systems (MMS) that are being used for
MCM operations. These systems include the MK 4, MK 5, MK 6, MK 7, and MK Bhese
systems involve training dolphins, sea lions, or a combination of both and integrating them with
a team of humans to carry out sea mine hunting operativhdS are advantageous because
mammals have greater agility and endurance than most human divers, and also help in taking the
man out of the minefield.However,mammalV fves are still being put at risk, as well as the
human team that is working on thafsige with the mammalsDue to increasing ethical issues,
marine mammal systems have become nubralengingto maintain proper training.These
PDULQH PDPPDO V\VWHPV DOVR KDYH WKH LQKHUHQ# ULVN R
understanding #situation that casometimes lead to catastrophic ends.

a. MK 4 (Dolphins, Trainers)

The MK 4 systenshown inFigure 81 utilizes dolphins for the detection, classitioa,
and marking of sea and ocean mi{srine Mammal Program: Fleet Systems, 201The MK
4 systemis used for mines that are secured to the ocean floor by taking advantage of the
GROSKLQTV HF K RMaRe MevinfRI@rdayam J-lee Systems, 2011)

In the area of VSW and bottom mines, the MK 4 carries the advantage over sophisticated
electronic acoustic devices in that it can be used in muddled seabed, marine growth, and other
acoustially challenging areas where applications of technology may be deficient and harder to
use(Marine Mammal Program: Fleet Systems, 2011)

Figure81 MK 4 System

The MK 4 system utilizes dolphins tetect, classify, and mark possible threats in the VSW Zohis. system can
be used in the shallower areas of the VSW zone because of its effectiveness in marine growth areas and acoustically
challenging area@viarine Mammal Progam: Fleet Systems, 2011)
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b. MK 5 (Sea Lions, Trainers)

The MK 5 systemin Figure 82 consistsof a surface watercraft, a sea licand two
handlersandis consideredD Quick Find® UHF R Y H UWMafrihg Watnmal Program: Fleet
Systems, 2011) The MK5 system operates by a/1ing at a threat recovery site and releasing a
sea lionto the mine with a rope and mounting devidéesea lion attaches the mounting device
to the mine and swims to the surface with the rope, where the object is pulled to the surface by
the crew(Marine Mammal Program: Fleet Systems, 201Mhe MK 5 system was developed by
the Navy as a way to overcome the limitations of divarshe threat recoveryarea(Marine
Mammal Program: Fleet Systems, 2Q11)

Figure82. MK 5

MK 5 systemis in the process of recovering a threageaih. The possible semine is being mounted with a rope by
a sea lion.The system has the advantage of low cogtedpand agilityMarine Mammal Program: Fleet Systems,
2011)

This system is considered to be relativatgxpensive compared to dive teams and
underwater remotely operated vehicleg. KH 0. V\VWHP WDNHV DGYDQWDJH
swimming speed and agility to expeditiously recover obj@dsrine Mammal Program: Fleet
Systems2011)

Specific to the area of VSW and bottom mines, the MK 5 system presents the capability
of longer endurance times than humans and the capacity to opepatar ivisibility and currents
(Marine Mammal Program: Fleet Syste, 2011) The system has proven to have a \agh
recovery rate of over 95%/arine Mammal Program: Fleet Systems, 20IMHe exact system
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capability and limitations in terms of endurance and speed are unknown fairplose of this
report.

C. MK 6 (Dolphins, Sea Lions, Trainers)

The MK 6 system is classified as a rapidly deployable forogeption system that has
been specifically trained with the unique ability to identify and find whtene threats
(divers/swimmers) that are near sea as@dtwine Mammal Program: Fleet Systems, 2011)
The system consists @f system of dolphinsea lions, and human traindidarine Mammal
Program: Fleet Systems, 201Ilhe MK 6 has the ability to operate either as a roving patrol or
as a sentras shown irFigure83. The system has most recently been used to support missions
in operation Enduringrreedom(Marine Mammal Program: Fleet Systems, 201The system
has the advantage that it can beilgand rapidly deployed invSW zone The exact system
capability and limitations in terms of endurance and speed are unknown for this report.

Figure83. MK 6

The MK 6 MCM system uses dolphins, sea lions, and human trainasritify and find threats in the VSW zone.
The system is easily deployed, but puts the mammal and human trainer at risk in forward deploy&thereas
Mammal Program: Fleet Systems, 2011)

d. MK 7 (Atlantic Bottle Nose Dolpns)

The MK 7 system utilizes Atlantic Bottle Nose Dolphins that are trained to detect and
mark locations of mines that aretisig on an ocean floor and buried undea sedimer(Marine
Mammal Program: Fleet Systems, 2Q1This system is primary used to clear channels for the
safe shipment of personnel and materials through a giver{(Megme Mammal Program: Fleet
Systems, 2011) The MK 7 system was usetliring the 2003 Iraq war operatiomhere the
system played an integral role in the clearance of mines fraaPU4DV UV KDUERU WR
allied force movemen{Marine Mammal Program: Fleet Systems, 201The exact system
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capability and limitations in terms accuracy, endurance, and speed are unknown for the
purpose of this report. Figure 84 depicts an Atlantic Bottlenose Dolphin in the MKY
configuration.

Figure84. MK 7

The MK 7 system utilizes dolphins for the detection and locating of bottom miliessystem is considered easy to
deploy because it does not require large ships or helicqparine Mammal Program:l&et Systems, 2011)

e. MK 8 Marine Mammals Systen(Dolphins)

The MK 8 MMSseen inFigure85is primarily used for the initial landing of force3he
system allows the forces to very quickly recognize and identify areas and channels that are safe
for the landing of troops and machks(Marine Mammal Program: Fleet Systems, 2011)

Figure85. MK 8 System

The MK 8 system is primarily used for MCM operations in the initial landing of amphibious forbesquick
identification of threats is advantageous to allowing the rapid and safe landing of troops/m@daires Mammal
Program: Fleet Systems, 2011)

232



The MK 8 has the advantage that it can be operated with a veryrtde gMK 8, US
Navy). This is especially advantageous in the area of amphibious operattba®/BW areas,
where it can be used for a surprise attack more easdy.the purposes of this report, the exact
capabilities of the system in terms of a@my, speed, and endurance were either not found or
classified.

f. Marine Mammal Systemkimitations

MMS limitations are a mixtureof ethical issues, endurancdéimitations, and
minesweeping speedit is hard to imagine a way that endurance and speed camcteased
aside from be#r training of the mammalsHowever, increased traininy sensor suitesould
come at an increased cost for small performance increases that would still be physically limited
and would still keep the mammal operating in the matefi

A. FUTURE SYSTEMS

4. AN/WLD -1 Remote Minehunting System (RMS)

The AN/WLD-1 Remote Minehunting System (RM$) Figure 86 consists of semi
submersible UUV called the Remote MuMission Vehicle (RMMV) that tows an advanced
variabledepth AQS20A senso(Fifi, 2007). Its mission igo survey shallow coastal zones and
to improve the picture of the current tactical situation with its detection, localization,
identification and classification capabiliti@sifi, 2007). This system has 2dour endurance an
is capable of ovethe-horizon, highcoverage search rates in deep and shallow water with a high
probability of identifying minegLockheed Martin, 2010)The project offices for the AN/WLD
1 RMS are PMS 420 and PMS 403.

Figure86. AN/WLD-1 Remote Minehunting System (RMS)

Developed by Lockheed Martin, the AN/WEDis a UUV that utilizes aAQS-20A sensofLockheed Martin,
2010) Itis designed with the capability to carry out detection, localization, identification, and classification in
shallow watergFifi, 2007).
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In the VSW zone the AN/WLD-1 RMS system provides identification capability using
an electreoptic sensorCarsonrJelley, 2011) The systm has the advantage that it performs
reattime data synchronization with offoard systems, in addition havingata stoage
capabilities(Fifi, 2007). However, the majodisadvantage of the system is size. At 23 feet
and 7 tongFifi, 2007), the system is notsily launched or transportable.

5. AN/ALQ -220 OrganicAirborne & Surface Influence Sweep (OASIS)

The AN/ALQ-220 OASIS, depicted ifrigure 87, is towed from MH605 helicopters or
surface craft tgrovide organic, high speed magneti@acoustic minesweeping capabil{ty T
Corporation Electronics Systemg)B). OASIS is capable of satisfying the need for a rapid
coverage mine clearance capability required to sweep influence mirBse specific
technologies used on the system are induced cavitations acoustics and programmabhleddepth
altitude contrbthat allow the system to operate at controllable de@hmquist, Status & Issues
for Assault Breaching System Technologies, 200%he project office for the AMLQ-220
OASIS is PMS 495.

Figure87. OASIS (Organic Airborne & Surface Influence SweEld/ALQ-220)

OASIS (being towed by helicopter) has the ability detect, localize, and identify mines in MCM oper&iohs
Corporation Electronics Systems, 2008he system can be used in both day and nighttime operations; however it
lacks the completeapability to neutralize ming®lorth Atlantic Council, 2002)

OASIS carries the advantage that it can be used in straits and amghali@ctive areas
wheremine huntingis not practical due to ocean twh mud and high cluttdiTT Corporation
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Electronics Systems, 2008) Due to weighing 930 pounds and being arounentbBes in
diameter, the system is egstransportable and deployable, and recover@dl& Corporation
Electronics Systems, 2008)

There are several weaknesses associated with the AN2ZRO@ASIS. Being a towed
systempperationautilizing OASIS are not &y corert. The MH60 towing of the device would
most likely give away the locatioon the beach that an amphibious operation would occur on.
Secondly, due to the towed nature of the device, the use of the system is limited by the device
towing the system (MHKS0). In this case, there would most likely be weather and other
environmental conditions that would limit the usefulness of the OASIS.

6. Organic Airborne Mine Countermeasure Module (OAMCM)

The OAMCM is an organic airborne platform that can perform-terehd MCM
capability using a helicoptexrs theHost Platform OAMCM is a systerof-systemscomposed
of modular componeastincluding the Towed Mine-huning Sonar System (AN/AQ30), the
Airborne Mine Neutrbzation System (AN/AS@35), the Airborne LaserMine Detection
System (ALMDS), theRapid Airborne Mine Clearance System (RAMICSand theOrganic
Airborne and Suace Influence Sweep (OASi®ffice of the Chief of Naval Operations
Expeditionary Warfare Divsion (N85) & Mine Warfare Branch, 2012; Naval Mine Warfare,
2001) The capabilities of theTowed Minehunting Sonar System (AN/AQ3D) and the
AN/ALQ-220 Organic Airborne and Surface Influence Sweep (OA®ISE described earlier.
The additionatapabilitiesof the OAMCM SoS are described briefly as follows

The ALMDS shown inFigure 88 can detect, localize, and classify drifting and moored
mines near the sea surfacALMDS uses a higipowered bluegreen laser technology Streak
Tube Imaging Laser (STIL) Laser Imaging Detecting and Ranging (LIDAR), state of the art
complementary metal oxide semiconduatameras, and image processinditahe gap of the
AN/AQS-20 by beingable to hunt mines into the VSW zonddowever, theALMDS and
RAMICS cannot hunt bottom mines, and the RAMICS program was cancelled in 2011; limiting
the applicability to this report.
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Figure88. ALMDS On Helicopter

ALMDS in use m a helicopteplatform(Northrop Grumman, 2006)The system can detect, localize, and classify
drifting and moored mines near the sea surfadee system takes advantage of high powered laser technology to
complete this sagence(Naval Mine Warfare, 2001)

The AN/ASQ-235 Airborne Mine Neutralization System (AMNShown inFigure89is
designed to reacquire and neutralize (with a shaped charge warhead placed very near a
previously identified mine to cause highder detonation) both unburied bottom and moored
mines in shllow and deep watert consists of a control console and a launching mechanism for
four Archerfish unmanned underwater vehicles (UUVs) that are lowered from the helicopter.
These UUVs are tethered with a fibmstic cable and equipped with video andaosensors to
detect and find anshipping mines. AN/ASQ-235's UUVs also carry an explosive charge to
allow the operator in the helicopter to remotely dispose theshigping mine(Naval Mine
Warfare, 2001;BAE Systems, 2010; Raytheon Integrated Defense Systems,.2008¢
AN/ASQ-235 has notyet been demonstrated for its capability to neutralize bottom mines in
VSW at the time of this repart
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Figure89. AN/ASQ-235 AirborneMine Neutralization System (AMNS)

The AN/ASQ235 AMNS consists of a control console dadnching mechanisifRaytheon Integrated Defense
Systems, 2008) 7 KH VA\VWHPTVY RYHUDOO GHVLJQ D OO RrE &drddok/dRmibgdBvaIT XLUH D QC
Mine Warfare, 2001)

The combination of these components gives the OAMCM the capability to detect,
localize, and identify drifting, moored, and bottom mines during day and night operafibas.
sysem however lacks the capability to neutralize bottom mines in the VSW Zeven if the
technology maturity can provide these modules their performance as desired, the OAMCM has
significant vulnerabilities to attackh operations supporting amphibious damgs due to its
airborne operation Additionally, its towing system has to be constrained to a fixed altitude that
makes the helicopter vulnerable to surfa@@ir weapons.Another discrepancy of this system is
that its current technology is not desginto deal with modern types of influence mittest can
detect sweeping signatur@dorth Atlantic Council, 2002)

7. Joint Assault Breacher SystemJABS)

The Assault BreacheryStemgABS) are naval mine neutralization systems and normally
utilize explosive munitions as a means for mine countermeasulstorically, explosive
munitions have been used to excavaime fields, destroy and damage, or deactivate mines
either on land or undemater. Recently with the advance in technology, a precision guided bomb
can be used to dispense thousands of small neutralizers (darts) that can clear a mine field or clear
lanes through which the landing forces can move safely and ragdibde/systemdiat utilize this
method are referred to as Countermine Systems (CM8§g advantages of these methods are
that their mine neutralization operations are faster than those of other MCM methods; they
require less prior preparation for the littoral zones, amdnot limited to the types of mines and
the mine field environments.
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One of the disadvantages of ABS is it requires proofing afterwards to eliminate
remaining mines unaffected by tbperation(Maropoti, James A. Col USMC (Ref011) The
other disadvantage is the ABS depends on other systenmsirierdetection and localization.
The final performance of the ABS will depend on the effectiveness ofc@uiponent
technologies. These sultomponent technologies have yet tocheanaturity and may not
perform as well as desiredzurthermore, the ABS does not address moderrstypmines that
have improvednsensitivity to sympathetic detonati@dorth Atlantic Council, 2002)

One system that has e&dy been demonstrated is the Joint Assault Breaching System
(JABS). Other similarABS systems to be developed @ahe HYDRA-7, Mine Obstacle Defeat
System (MODS), and the Naval Gun Fired System (NGFS).

The Joint Assault Breaching System (JABS) utilizegsting Navy and Air Force
Systems for the deployment and employment of a dispense mechanism to deliver Countermine
CounterObstacle (CMCO) warheadsThe JABS can adapt the Joint Direct Attack Munition
(JDAM) guidance kit to convert existing warheadsK -83/BLU-110, MK-84, BLU-109 and
MK - WR DFFXUDWH JXL G'HeSe bonRbb thibe Bdiviered/by strategic bombers
B-52, B-2 or supersonic planes suchtlasF/A-18 or B1B. The JABS has been demonstrated in
neutralizing mines in Beach Zone4Band Shallow Zone (SZ) zone&urther tests have been
done to demonsite its capability against bottomines and obstacles in the VSW zone. The
Navy is considering a plan to deliver an expanded capability for neutralization in the VSW by
FY 13 (Cobham Life Support, 2009)he Coastal Battlefield Reconnaissance and Analysis
(COBRA) with Fire Scout Vertical Takeoff Unmanned Air Vehicle (WAV) can be used in
conjunctionwith the JABS to detect the existence of mines in thesesA@&Imquist, Standoff
Systems & Technologies for Near Shore Mine Countermeasures (MC), 483 is depicted
in Figure90.

Figure90. JDAM Assault Breaching System (JABS)

The JDAM assault breaching system is a precision guidettalization system in MCM operatiomquist,
Status & Issues for Assault Breaching System Technola2@€s,) These munitions can be delivered by strategic
bombers (B52, or B2) or supersonic planes (H¥8 or B1B) (Almquist, Standoff Systems & Technologies for
Near Shore Mine Countermeasures (MC), 2002)
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Similar to theJABS, the MODS Kigure 91) utilizes the JDAM guidance kit to deliver
warheads equipped with either chemical darts for mine clearance or continuauarhea@d to
obstacle clearance. The JDAM kit also provides Global Positioning System and Inertial
Navigation System capabilities for accurate guidarnidee MODS can be launched from FI8
aircraft and guided to the target area where it performs a tdrmexaeuver that results in it
being oriented in a vertical positiofhe chemical darts or the continuous rod warheads are then
dispensed from the MOD@\Imquist, Standoff Systems & Technologies for Near Shore Mine
Countermeasurg$1C), 2002)

Figure9l. Mine Obstacle Defeat System (MODS)

The Mine Obstacle Defeat System (MODS) is used in mine neutralizgienationgAlmquist, Status & Issues for
Assault Breaching Systeiirechnologies, 2007)Thesystem uses global positioning systems for accurate guidance
to possible threatAlmquist, Standoff Systems & Technologies for Near Shore Mine Countermeasures (MC),
2002)

The HYDRA-7 (Figure92) is an advanced minsounter warhead that utilizes a Tactical
Munition Dispenser (TMD) to deliver thousandé submunitions. These submunitions are
reactve material filled darts that can cause the high explosive within the mines to burn or
detonate.Each of the suinunitions has a guidance system and propulsion system to accurately
guide it to the targeted arealhe reactive material generates intensat tsd pressure when
subjected to a mechanical or thermal stimullibe submunitions initiate a terminal maneuver
upon reaching the targeted area that result in each being oriented nearly vertical with respect to
the ground targetThe propulsion systeitinen increases the velocity and the darts are dispensed
from the submunitions. The increase in velocity is required in order for the darts to be
dispensed with sufficient kinetic energy to destroy the mingébe HYDRA-7 is currently
deployed on an F/A8 aircraft(Almquist, Standoff Systems & Technologies for Near Shore
Mine Countermeasures (MC), 2002)
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Figure92. HYDRA-7 Darts

The HYDRA-7 dart works by employing a Tactical Munitions Dispenser (TMD) to distributevsuiitions darts
that cause a threat to detonate or {imquist, Status & Issues for Assault Breaching System Technologies,
2007)

The Naval Gun Fire System (NGFS) system utilizes the same warheads as the MODS;
however the warhead can be delivered from a precision guidethdbBaval artillery shell.
The shell is a scalable version of the Best Buy Projectile used for Advanced Gem $4&S).
When the projectile approaches the targeted, &rparforms a terminal maneuver that gives the
projectile a vertical orientation.At this point the payload islispensed from the projectile
(Almquist, Standoff Systems &echnologies for Near Shore Mine Countermeasures (MC),
2002)

8. MK 18 Mod 2

The MK 18 Mod 2 Kingfishseen irFigure93, is a program that has been initiated as an
upgrade to the MK 18 Mod 1 UUV. The primary platform is a modified REM&® that is
intended to enable larg&CR for detection of moored and bottom mines at the reduced risk to
the operators and MMS. Initial testing has shown that improved sensor capabilities for
conducting MCM low visibility searches in high clutter and high burial conditions within the
VSW zone. The MK 18 Mod 2 has a depth rating of 600m and current testing has proven
endurance greater than 20 hours at normal operating speeds. The MK 18 Mod 2 is considered a
light-weight system and is approximately 600lbs. Due to the size comparison to the Médl
1, the Mod 2 cannot be lifted by operators. Initial concepts for the system deployment include
the use of an 11m RHIB with a custom launch and recovery sySiemmons, 2011)
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Figure93. MK 18 Mod 2System

MK 18 Mod 2 System being deploy&m small craftin a littoral region(Simmons, 2011)

B. NATO SYSTEMS

1. MUSCLE AUV

NATO AUVs aim to take advantage of the safety factor involved with these systems.
The NATO system Muscle is one such of these systefe system carries the capability to
effectively hunt and classify mines by taking advantage of Synthetic Aperture S&#eB), (
(NURC 2009 Research Technology Highlights, 2010 his new technology is a method of
compiling data from multiple sonar pings and processing the data into an actual(MuHE
2009 Research Technology Highlights, 2010)he technology has been under development
since 1996, and is now considered a mature technoldgpe advantage of this system is that it
allows for larger areas of sea bottom to be scanned in a faster and more effectiveth@anner
current method&NURC 2009 Research Techogly Highlights, 201Q)

The MUSCLEAUV (proven through a set of sea trials) has shown the capabilityrit
mines, with high accuracyand speed compared to previous systemsthe challenging
conditions experienced in very shallow wateositainingsands, ocean koim clutter, and rocky
bottoms(NURC 2009 Research Technology Highlights, 2010)

The MUSCLEsystem comes with several advantages in the VS against bottom
and buried mines.lts aptitude for performance ground clutter and rocky bottoms allow the
unit to be able to look foand discriminatébottom mines. 7KH V\VWHPV XVH RI 6\(
Aperture Sonar (SAS) allows it to better recognize bottom and buried thaespreviously
fielded systems.Due to the sstem beingsomewhat autonomou# can be used somewhat
covertly.
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There arghowever,a few dsadvantages associated with the MUSGlBtem. As can
be seen iFigure94, the system must be launched by a ship and crane/lever syBtesican be
a limiting factor with the system, as a crew and ship would most likely lead to a large logistical
and support fogrint involved with the system.

Figure94. HUGIN (Top) & Muscle (Bottom)

The HUGIN and MUSCLE AUVs arHATO systems that came used to provide higtesolution, highspeed
mapping and imaging of the sea lethgen, 2010) Although quite large, the system can be effective against
bottom and buried mines in MCM operatighfJRC 2009 Research Technology Highlights, 2010)

2. HUGIN AUV

The HUGIN is another NATO AUV system that offers a suite of underwater remote
sensing capabilitiesThe system operates without cables, tethers, or ¢WeS&IN AUV, 2011)
The HUGIN offers the capability of highesolution, high-speed seabed mapping, imaging,
oceanbottom searches, monitoring, and undersea inspecfleb$IN AUV, 2011) These
abilities are currently being applied in the area of s@ae countermeasures. The HUGIN
systems are fehandling. This offers the capability to allow the systems to navigate, and steer
themselves to achieve mission objectives independent of constant human intekioiN
AUV, 2011) Due to the HUGINTV F D S D E L Oté Withow BabRS &ht @thers, the system
has the advantage in that it can be operated coveltis lends to the ability to use the system
on a landing area in VSW without the enemy knowingine systems high speed/resolution
mapping of the sea bed hihg ability to be very advantageougamst bottom and buried mines.

As in the case of the MUSCLE, the HUGIN, algcturedin Figure 94, is quite largeas
well, andmust be launched using a siMURC 2009 Research Technology Highlights, 2010)
This could potentially hinder the ability to launch and transport the system to areas where an
amphibious assault may be planned.
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IX. APPENDIX B: STAKEHOLDER LIST AND INTERVIEWS

Table 36 lists the questiomthat were developed from the initial stakeholdsearchand stakeholdeinput as a result ahe
Threat and Capabilities analyseStakeholder questions were directédhe relevant stakeholder as indicated in the table along with
the resultant responseA nonresponse by a stakeholder is shown in the table by a question being directed to a stakeholder and no
response indicated in the response column for that stalkezhold

Table36. Stakeholder Questions aRdsponses

Table captures the question and answers sessimuctedvith each of thenajorstakeholdersinformation provided was used in the threat and current
capabilities analyses and influenced the direction for the Capstone project.

Question Directed at What | Answer

Stakeholders
Is there a system out right now that can | PMS-408 Matt Clements =(ITT Technical Representative EODMUL1)
detect and clear a path inmanefield that Panama City Interview 8-29-2011"No, there is not a complete solution to
keeps the man/mammal out of the ONR remove the man from the minefieldNeutralizationis still not
minefield? PMS-403 automated and missions still require support divers to be closg¢

the mine field. The only technology that maybe close to
answering this would be JABS.

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWC-PCD interview 8-23-2011No not
right now. MMS are the primary means of MCM operations.
MMS have allowed the DIVER to stay out of the water, but the
man must stay close to the minefield to support the mammal.
MMS are really great at low false positivéBhere is not a
technology out there that can compare to MMS accuracy of lo
false positives.

MMS also are great at buried mines (technology is only scratc
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Question

Directed at What
Stakeholders

Answer

the surface), and detection in a cluttered environmient.
comparison of MMS and UUVs in flaandy bottom
environments, UUV performance is approaching comparable
levels to MMS.

006 DOVR KDYH DQ DGYDQWDJH RYHU
DTE time. Dolphins can detect and mark or detect, mark and
neutralize in one pass. (Mission dependent)

Aamir Qaiyumi NSWC-PCD Interview 19 Aug The underwater|
systems that exist today and in future development only elimir
the man to a point. They are still required to be within a certai
distance from the minefield to retrieve the UUV. The current
MK18 Mod1/2 is limited also by endurance. OTH launch and
recovery platforms are also in very preliminary stages. There
DOVR QR 3RQH" V\VWHP WKDW FDQ FR
Right now the MK18 Mod1/2 complete SCRR (search, classify,
map, identify, reaquire) and there is limited development for th
neutralization phase. There is only one neutralization notiona
concept of SCMR at this point and the mission includes using
different vehicles, one to do SCM and another to do IR. A thir,
neutralizewvehicle would come in to do the last step. The only
neutralization UUVs that is being worked on now for PMS 408
the EUNS (Extended Underwater Neutralization system) and i
the primary development stage, not very mature.

LCDR John Schiller, EODMU1 XO Interview 9-2-2011 No,
this capability is still not proven and not with current technolog
There is hope with future concepts that we can meet removing
man/mammal from the minefield. UUVs are great at locating
objects but produce too many falsespioes. MMS are great for

244



Question Directed at What | Answer
Stakeholders
detecting buried objects and nothing on the technology side h
been able to reproduce their capability. Also, significant work
needs to be done in technology with neutralization.
With systems that exist today, PMS-408 Matt Clements =(ITT Technical Representative EODMUL1)
a. How long does it take to complete | Panama City interview 8-29-201137KHUH DUH PDQ\ IDFWRU
MCM mission? ONR how long a DTE should take. It really depends on several fac|
b. How does that match up to currf PMS403 ACR-(Area coverage rate)
mission requirements? NMAWC Size of the ar@
c. Will future requirements change The need to be clandestine or not
the DTE process change t Is the environment permissive or not

CONOPRS to match system capabilit
or invest in SE type processes to h
get closer to solve the problem?

Water depth

Salinity

Environment (temp, currents, water clarity)
Percent clearance required

The search should consist of 3 phases with UUVs: Intelligencg
Preparation of the OperatiahEnvironment (IPOE), Refined
search and IR and then neutralization if time permits/mission
DOORZV’

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWC-PCD interview 8-23-2011- With
MMS, it depends. MMS cannot cover such largmaras UUVSs.
The dolphins will be worn out if required to cover large areas.
MMS will still take almost 3 days or more and unlike UUVs,
dolphins cannot do search area patterns. The MMS swim in
VHFWLRQV FDOOHG 3VZLP ODQHV"™ 'R
detected target and mark it with either location markers (MK8)
marker/neutralization (MK7) components (mission dependent
MMS cannot do mosaicing like UU\(sombine strips of sonar
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Question

Directed at What
Stakeholders

Answer

images to make a map of the area), but mine feedback is clos
SUBDWLPH" VLQFH 006 V\VWHPV GR QR
data download requirements.

If MMS were used in combination with UUVs, there is a poten
to reduce the DTE to 2 days. UUVs could potentially run the
SCM mission and dolphins can run the secoask and
neutralization phase.

Aamir Qaiyumi NSWC-PCD Interview 19 Aug- With current
systems, it would take a minimum of 3 days with personnel
working 24hrs a day. This would also involve using all the
human/technology assets employed and with no equipme
failures.

To get the technology to match the CONOPSs, a notional missi
execution may be like this:

Day 1/Phase one: IPQIBtelligence Preparation of the
Operational Environment.

Day 2/Phase two: SCM mission

Day 3/Phase three: IR and neutralizpatsible

,Q UHJDUGV WR JLYLQJ DQ DQVZHU W,
in the future that both the CONOPS and the SE process woulc
need to change. He expressed that at this present time there
gap between the maturity of the technology and tipeetations
of meeting the requirements of the CONOPS.

What is the requirement for amount of tim
it should take to clear a path in a minefiel
to support amphibious landings?

PMS-408
Panama City
ONR
PMS-403
NMAWC

USMC Capt Peter Moon-29 Aug EMail & OHDUDQFH
for MCM operation is 48 hours from the start of overt operatio
72 is the threshold.Overt operations can be characterized as
anything that tips our hand permitting the enemy taofoece and
counterattack. Amphibious landings are dangerous enough
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Question

Directed at What
Stakeholders

Answer

without completely giving away the very valuable element of
surprise. This is clarified as in a letter from CG MCCDC
(Commanding General Marine Corps Combat Development
Command) to CNOni 1999."

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL), Mod INSWC-PCD interview 823-2011: MCM
missions with MMS are not always executed as practiced in
training. In training MMS execute the full DTE sequence for th
entire areaMMS mission execution in practice: Dolphins will
swim 8 lanes in an area where a projected amphibious landing
is expected and complete detection. Out of the 8 lanes, 4 lang
with the least amount of targets are cleared with mines being
neutralized.

LCDR John Schiller EODMUL XO Interview 9-2-2011
Although the USMC may quote 48hrs threshold and 72hrs
objective as a requirement for MCM to conduct clearance
RSHUDWLRQV RXU FDSDELOLW\ LV Qi
size of the area, environmentahdabottom type. Also consider
the effort in preparation for an area search. There are logistic
support considerations for early set up, identifying a ship of
opportunity and time for MMS to get adjusted to the area.

In some our reading, it hasdicated that
MCM systems require post mission analy
(PMA) of the data that is collected to loca
and classify mine like objec{SEA Cohort
14, 2008)

a. ,V WKHUH V\VWHP RU
require (PMA) in order to locate ar

classify mine like objects?

NSWC-Panama
City, NMAWC,
PMS495, PMS
408, PMS 420

Bob Stitt. ITT Techrep MMS Trainer/EODMU1, Mod
INSWC-PCD: 006 GRHVQYW QHHG 30%

Matt Clements £(ITT Technical Representative EODMUL1)
Interview 8-29-2011 "006 GRHVY QRW UHTXLUH
They still have to search and mark positions and be verified by
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Question

Directed at What
Stakeholders

Answer

b. If not, what is the minimum desire
time to conduct PMA?

c. What is the maximum desired tin
to conduct PMA?

d. Where and who will conduct th
PMA? Will it be done on one shi
or all ships containing organic MCI|
systems required to perform t
PMA?

GLYHUV -

Matt Clements =(ITT Technical Representative EODMUL1)
Interview 8-29-2011 ~ skduld be a 1:1 ratio or mission run tin
compared to analysis time. 1 hour of UUV search time to 1 hg
of a human looking at the d&far less)”

Aamir Qaiyumi NSWC-PCD (Less than a 1:1 ratio). The
community has a desire to stay at this rate or loweom a
technology development standpoint, it is recommended that P
uses automated ways to interpret and assist the analysis proc
recognize targets in sonar data. There is, however, an issue \
this because technology like this is still beirmyeloped and PMA
operators do not yet trust Auto Detection enough to really trug
and rely on it.

Matt Clements (ITT Technical Representative EODMUL1)
Interview 8-29-2011 ~ 1R JUHDWHU WKDQ

Aamir Qaiyumi NSWC-PCD (WLD-1 #1:3 ratio- Human
Related problem Keeping this as a problem)

Matt Clements +(ITT Technical Representative EODMUL1)
Interview 8-29-2011 330%$ LV FRQGXFWHG DIW
IPOE/SCM mission and it is currently not in real time. PMA is
mostly done at shore sites due to MK18 Mod2 are not approve
for shipboard use or a fielded itedK18 modl is also limited

GXH WR LWV OLPLWHG XVH LQ WKH I

Aamir Qaiyumi NSWC-PCD S<There is no Answer to this yet.
There are several problems related with getting UUVs on
Amphibious platforms. Mainly due to the big problem for fire
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Question

Directed at What
Stakeholders

Answer

e. How is the data transmitted to sh
responsible tperform a PMA?

f. Is there a desired way the da
should be transmitted to the ship?

suppressioV\VWHP ZLWK WKH O -LitloalG TV
Battery. The MK18 Mod2 also weighs 600lAlthough the
footprint is not officially defined, it is estimated to be fairly larg
3

LCDR John Schiller EODMUL1 XO Interview 9-2-2011 PMA

at this point is a real caern. PMA performance is more a matt
of training the operator and the performance of the operator tg
targets. | have no doubt the system will find and see the targe
will the operator?

Aamir Qaiyumi NSWC-PCD Currently, the EOD team launche
UUV and retrieves it to down load the data. The data is
transferred over to the PMA operators. The desire for future
capability is to have Wi radio communications and upgraded
acoustic communications to download dataeattime.

Matt Clements +(ITT Technical Representative EODMUL1)
Interview 8-29-2011L "2YHUDOO FRQFHUQV ZLV
of training to prepare someone to assess sonar Datato high
WXUQRYHU UDWHYV LWV GLIILFXOW
7TKHUH LV QRW D 3889 UDWLQJ" RU 1(&
by humans staring at sonar images on computer screens. Hu
get easily fatigued and could miss targatsniss classify. The
more search data collected, the longer a human has to stare &
screen.

The more complex the ocean bottom is (cluttered), the more ti
it will take the human to go through the data. Implementation
Auto Target Recognition (AR) would help the human sort
through all the data, but it needs to be mature technology. Wyg
have to trust that it is working and are able to rely on it. It nee
WR EH DFFXUDWH DQG UHGXFH IDOVH

What is the endurancequired for MCM

Matt Clements +(ITT Technical Representative EODMU1)
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Question

Directed at What
Stakeholders

Answer

AUVs
1. Threshold ()?
2. Objective ()?

Interview 8-29-2011 See current MK 18 Mod1/2 which state
(Mod1 Threshold 9 hours at 4 KTMod 2 is 20 hours)
(Simmons 2011)

From our readinghe AN/WLD-1 has been

deployed on USS Bainbridge and will be
deployed on LC&EA Cohort 14, 2008)

1. What is the maximum time allowe

to deploy a AUV from a ship?

2. What is the maximum time allowe

to recover a AUV from a ship?

Stakeholders did not provide an answer to this question.

Is the Navy planning to develop a MCM
AUV that can be deployed from a
Helicopter or a Submarin&EA Cohort 14,
2008)?

Stakeholders did not provide an answethis question.

Doctrine says that MCM operation will
emphasizes the clearance of mines in the
transport area, fire support area, and sea
approaches to the landing bead¢lifs302,
2009)

1. Is the priority for clearance givan
this statement? (In other words w
the transport area need to be cleg
first before the approaches or w
this be done simultaneously?)

2. If they are done in sequence; h¢
much time is given to clear th
control ship station, approach lar
AAV launch area, and boat lane?

PMS-340
NMAWC

Matt Clements £(ITT Technical Representative EODMUL1)
Interview 8-29-2011 "889V KDYH EHHQ XVHG |
landings in the past, but in reality amphibious landings are not
widely practiced today as often as thegwd be. Some
operations in the past using UUVs with NSCTold name for
EODMU-1): Port UMM QASR, ¥ gulf war. Although in training
we always go through a full DTE, in practice it is not done that
way. We plan for what is necessary and leave secomsiargs
IRU ODWHU LI ZH FDQ JHW WR WKHP °
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Question

Directed at What
Stakeholders

Answer

What threats are of the biggest concern ir
MCM currently?

NMAWC
PMS-408
PMS-340

Matt Clements =(ITT Technical Representative EODMUL1)
Interview 8-29-2011 Bottom/buried mines are the biggest thre
right now. We need to keep and maintain low visibility. Efforts
need to keep making progress for getting people out of the fie
and make our technology robust to handle a rtlutgat
HQYLURQPHQW”’

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWGPCD interview 8-23-2011:Buried
mines, and complex area searches: MMS are the best detect
asset for this currently.

LCDR John Schiller EODMUL XO Interview 9-2-11- Mine
warfare targets in VSW are small contact mines, large magne
signature,nfluence mines. The mine threats are changing to
plastic and composite type materials. These materials are

developed so that sea growth is encouraged to grow on the ta
making it harder to detect.

10

Where do you consider the biggest
capability gago exist right now?

ALL

Matt Clements +(ITT Technical Representative EODMUL1)
Interview 8-29-2011 “i#Needing to have a human post process
the data causes errors, false positives, and extended length o
processing. There is a great need for Automaticéfarg
Recognition (ATR) capabilitylt needs to progress faster.
Communication. Communication meaning there is a lack or r¢
time capability. The UUVs are sent out on-a ébr more) hour
mission and must be collected by support boats, driven back t
shore to download data. Data down load is variable, but as
discussed above, it can take 1 hour or more to review 1hr of §
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Question

Directed at What
Stakeholders

Answer

GDWD °

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWC-PCD interview 8-23-2011:
Technology is not advamg fast enough. Technology needs to
continue to work on reducing false positives to the performang
MMS.

Aamir Qaiyumi NSWC-PCD Interview 19 Aug- A big gap
right now is the capability in identification. There is a big
perception gap of trusting thé¢ H Q V R U { Vhéde 4 rtd Isilwveyr
bullet system in MCM, no one system can perform in every
environment (temp, depth, currenQurrent and future
development of Auto Target Recognition (AT&utonomy
behavior) will be a great thing if operators/ugeust in the
performance of the technology. ID is something that in the M(
ZRUOG KDV EH SULPDULO\ 3YLVXDO" (
threat. Transition is not 100% for trusting ATR.

LCDR John Schiller EODMU1 XO Interview 9-2-11- Sensor
maturity. The UUV platform is stable, but the sensor payloads
not.

11

What is the footprint requirements for
MCM mission module equipment aboard
ship (i.e. How much room do you have on
the platform to support the MCM
equipment? tWeight and size requiremer

PMS-420
PMA-261
PMA-299

Danny Sinisi, PMA-299 OAMCM SEIT Lead - | do not have
that info at my fingertips, but | do know it is significantly smallg
than the HM DET footprint

12

Current Doctrine states that logistical
support for an Airborne Mine Counter
Measures (AMCM) deployment requires &

90 day pack up that weighs 72,000 Ibs an

NMAWC
PMS 420
N852

Saroch, George B CIV PEO LCS, PMS 420 #ail to Paul
Welsh 822-2011 Just so you know, MCM and MH53E do
little to no VSW work. That work is primarily accomplished by
the EODMU units with mammals/divers deployed from Combg
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Question Directed at What | Answer

Stakeholders
occupies 7000 square fegadditionally it | PMA 299 Raiding Craft that are embarked from Amphibious shifisere is
requires behing and messing for 450 PMA 261 plan to incorporate VSW capability in the out years from the L

personel (Marine Corps System Commarn
Infantry Weapon Systems, 2011; MCWP3
13, 2011; MCWP43L3, 2005) Additionally
the Navy got rid of its only MCM comman
ship, the USS InchonThe Navy plans to
start retiring MCM shipsn 2008 with the
mission being taken over by the LCS in
20171Munoz, 2011) If the Navy is no
longer is going to deploy Mine type ships;
further equipment and men must be
deployed on other amphibious ships or
LCS. The LCS willhave only 35 additional
berthing accommodatior{®'Rourke,

2011) This means to deploy 450 AMCM
personal to support an Amphibious
Operation; the operation will require 13
LCS to perform the AMCM mission alone
This does noinclude the MCM mission.

a. Does this mean AMCM operatior
may not be part of an Amphibiol
Operation + or is the contingen
significantly reduced?

b. If the number personal supportir
MCM operation must be reduceti
what is max number of personal th
will be allowed to support any or g
of the MCM operations?

c. With the current plans for futur
MCM assets what is the maximu

N880

primarily from VTUAV with COBRA/ALMDS and neutralization
utilizing JABS.

Aamir Qaiyumi NSWC-PCD Interview 19 Aug- Even if LCS
takes a modular approach, it still limits the operational capabil
of the LCS platform. They would have to pull into ports to
exchange the load out packag6 RVVLEO\ H[FKDQJ
a huge logistics nightmare. One possibility would be to have
UUV systems deployable OTH and controlled by shore based
operators (like how AUVs are controlled from the Wfike a
video game!). The LCS would only hateecarry the vehicleNo
extra manning, limited training on launch and recovery.

Danny Sinisi, PMA-299 OAMCM SEIT Lead - The contingent
aboard LCS is significantly reduced.

Danny Sinisi, PMA-299 OAMCM SEIT Lead - The LCS
aviation DET will consist of approximately 23 people.

Stakeholders did not provide an answer to thistjoe.
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Question

Directed at What
Stakeholders

Answer

number personal being planned
operate and maintain those systen

d. Will this make size constraints ¢
the packing and manning of tt
MCM assets?

e. Is there size constraint requireme
being place on future MCM assets

Danny Sinisi, PMA-299 OAMCM SEIT Lead - Yes, LCS size
being the driver.

Danny Sinisi, PMA-299 OAMCM SEIT Lead - Same as d

13

Is a destruction method approach versus
removal from area approach preferred?

NMAWC
PMS-340

Stakeholders did not provide an answer to this question.

14

In the MCM DTE process, what phase is
most critical? Is there ghase in your
opinion that lacks current
progress/research?

ALL

Matt Clements £(ITT Technical Representative EODMUL1)
Interview 8-29-2011 "(QVXULQJ VXFFHVV RI F(
field is critical. This starts at the planning level. An unknown
area relly makes a difference, especially when programming t
UUV. It has to know specific details in order to do its missilon.
the short term its identification and classification: ATR should
help improve this.In the long term its redlme capability and

JHWWLQJ LPSURYHPHQWYV WR QHXWU

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMU1), Mod INSWC-PCD interview 8-23-2011: Detection
and neutralization. Lacking technology that is comparable to
false positive capability of MMS (classifjhase)

Aamir Qaiyumi NSWC-PCD Interview 19 Aug- Detection is
the most critical. You need the system to detect stuff to be ab
have the operators look at the sonar images. The MCM
community lacks a system that is adaptable to all environmen

15

In today's MCM, what types of constraints

exist that make the task of DTE difficult?

NMAWC
PMS-340

Matt Clements +(ITT Technical Representative EODMU1)
Interview 8-29-2011 “(a.) £nvironmental, (b.)some
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Question Directed at What | Answer
Stakeholders
(Lack of current system performance? PMS-408 technology constraints (systems not robust enough}UAaYs

Operational constraints?)

Panama City
ONR

are so advanced in comparison to UUVs. The concept is the
but the communication underwater and dealing with the
environment makes the problem so imiarder, (d}current UUV
neutralization techniques are not complete or mature yet. Beg
of doctrine requiring visual confirmation and that technology ig
not trusted or mature enough to provide a solution; it makes th
WDVN YHU\ GLIILFXOW”~

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMU1), Mod INSWC-PCD interview 823-2011: MMS
have such a large footprint. They take up a whole well deck o
amphibious ship.

Aamir Qaiyumi NSWC-PCD Interview 19 Aug- Doctrine for
identification phaseCurrent doctrine requires a visual (camera
video) to identify the mine type. Sonar images can practically
as clear as a picture, but cannot be used to ID. If sonar imagg
were allowed to be used in ID, it would change a lot of things.
Scientistsare also causing slow progress in the ID phase. Mog
them are concerned with detecting images, not necessarily
classifying them. Scientists should be working in all the DTE
phases. Environments also cause a constraint, current, salini
temperatureturbidity. Within each program office of
development systems, there is lack of consistency with
human/system interfaces. (PMS 408 uses COIN to MEDAL
NMAWC LV WDNLQJ DQ (30%$ DSSURDFK [
talk to each other ané& D QHak¥ informatior)

Danny Sinisi, PMA-299 OAMCM SEIT Lead #es, the
environment impacts performance.
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Question Directed at What | Answer
Stakeholders
16 | What is the most likely operational ALL From Performance Specification: Paragraph 7.1UUV shall be

environment we will encounter? (i.e. wha
are the temperature, sea statessure,
salinity, currentsetc?)

capable of being transported, deployed/launched, operated, a
recovered in sea states (SS) up to SS 3. SS shall be measurs
the 40foot curve. SS 3 is defined as wind velocity oflBlknots
(KTs) with smallwaves 0.5m to 1.25m high, becoming longer;
numerous whitecag®MS 408, 2007)

From Performance Specification: Paragraph 8.2.7The UUV
System shall be capable of operating in water temperatures fr
32°F (®C) to 90 F (32 C). Operational Water temperature is
defined as the water temperature while the UUV and the auxil
equipment intended for use in/funderwater are deployed for th¢
UUVs required endurance.

From Performance Specification: Paragraph 8.2.ZheUUV
System shll be capable of operating in air temperature (protec
from direct sunlight) from OF (-18° C) to 109 F (43 C).
Operational Air Temperature is defined as the air temperature
while the UUV system is deployed during thédur search
classifymap poron of the mission.

From Performance Specification: Paragraph 8.3The UUV

System shall be operable after encountering thermal shock
associated with exposure to temperature extreme¥f18° C)
to 109F (43C) (air) and 90F (32 C) to 32 F (& C) (in-water).

From Performance Specification: Paragraph 7.2.The UUV
shall be able to operate (i.e., transit and maneuver, not search
classifymap) at water depths of up to 300 FSW.

From Performance Specification: Paragraph 7.2.Z7he UUV
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Question

Directed at What
Stakeholders

Answer

shall be able toperate (i.e., transit and maneuver, not search
classifymap) at the surface of the water.

From Performance Specification: Paragraph 7.3The UUV
System shall be able to operate in a current less than or equa
KTs flowing in any direction.

From Performance Specification: Paragraph 7.4'he UUV and
all other components intended forwater operations shall be ab
to operate in water having a salinity level of O to 45 ppt.

From Performance Specification: Paragraph 7.5The UUV

shall have the capability wperate to the specifications of this
document in turbidity conditions of up to and including 66 mg/I
8 nephlometric turbidity units (NTU)) of suspended particulate
matter as measured by a formazin calibrated optical backscatt
meter.

17

Amphibious (perations using AAVs can b
conducted in sea states 1 through 4.
However, it is not recommended to be
corducted in Sea state 4 and above
(MCWP313, 2005)

What seestate should a MCM system
operate (Threshold & Objective) the
VSW?

From Performance Specification: Paragraph 7.1JUV shall be
capable of being transported, deployed/launched, operated, a
recovered in sea states up to SS 3. SS shall be measured at
foot curve. SS 3 is defined as wind velocity ofliBLknots (KTs)
with small waves 0.5m to 1.25m high, becoming longer; nume
whitecapgPMS 408, 2007)

18

What new technologies or
techniquesppear to be promising in
reduction of the DTE sequence in thed®
foot depth rangand why?

ALL

Matt Clements +(ITT Technical Representative EODMU1)
Interview 8-29-2011 "8QPDQQHG &RRSHUDWLY
Intervention (UC2I: ONR projectOverthe Horizon project),

Wi-)L DQG DXWRQRPRXV ODXQFK DQG
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considered more important speed or
covertness?
1. If covertness is more important th
speed; is it right to assume th
mission will not be performed wit

AMCM assets? (The mission w

Question Directed at What | Answer
Stakeholders

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWC-PCD interview 8-23-2011: MK 18
Mod 2 is showing promise for large area searches. It is showi
that sensor integration is versatile; attempting to ensure it is o
architecture.Mod 2 has greater duration than Mod 1. The key
success will be to ensure that the UUVs can reduce their false
positive contacts to be equal or lower than the MMS.
Aamir Qaiyumi NSWC-PCD Interview 19 Aug- Data fusion
technology; if there are multiptapabilities available out there,
focus should be made towards combining capabilities for
enhanced performance. Limited attempts have been made to
combine Forward Looking Sonar/Down Looking Sonar
(FLS/DLS) with side scan sonar. Magnetic sensors shosidoe
considered to be combined (help with buried mines).

19 | Are there any environmental impacts ALL Aamir Qaiyumi NSWC-PCD Interview 19 Aug- High temp
concerns which need to be considered wk (heat concerns) Low frequency ennigs are hurting marine life.
developing a MCM system?

20 | What are the required MTBF fora MCM | ALL Stakeholders did not provide an answer to this question.
system (Threshold & Objective)?

21 | Is there any other similar effort trying to | PMS420 Admiral Williams (NPS) PMS420 group is researching the
modify the existing systems to work in the ONR ability to use JABS in the VSW region.
40ft zone?

22 | In conducting MCM operation for an PMS-340 USMC Capt Peter Moon-29 Aug E-Mail: "Amphibious landings
Amphibious Landing which would be NMAWC are dangerous enough without completely giving away the ver

valuable element of surprise. (This is verified as in a letter fro
CG MCCDC to CNO in 299.)
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Question Directed at What | Answer
Stakeholders

not be performed using an M6DS)

2. If speed is more important, then g
mammals or submarine launch UA
considered foruse in performing
MCM operations?

In performing Amphibious Breach of PMS-340 Bob Stitt - (ITT Technical Representative MMS Trainer /
Coastal Defense; what type of mine clearf NMAWC EODMU1), Mod INSWC-PCD interview 823-2011: In
operation is typically planned for: Mine training, the full DTE is exercised (miminting).

Hunting or Mine Sweeping?

According to Joint Publication-82, we PMS-340 Stakeholders did not provide an answer to this question.
understand that there are five phases to | NMAWC
conducting aramphibious operation which
DUH 2330DQQLQJ (PEDUNI
Movement, and Actioh i$\understood
that MCM operation would commence wit
the planning operation
1. However, at what phase wou
MCM Preassault operations star
(Embarkation, Rehearsdkehearsal
Movement?)
2. How much time would be typicall
allotted the MCM advance force
perform their mission?

In an Amphibious Operation a Boat La PMS-340 Danny Sinisi, PMA-299 OAMCM SEIT Lead £37KH FXU
is described as havingength of 2000 to] NMAWC AMNS design would need to be modified to clear mines in the
2700 yards with a width of 500 yards WR IW 96: UHJLRQ °

(MCWP313, 2011)

a. In a typical Amphibious Operatio USMC Capt Peter Moon-29 Aug E-Mail:" 12 lanes for 2 MEB

259



Question

Directed at What
Stakeholders

Answer

involving 1 battalion; typically how
many Boat Lanes will be planned?

sized element."

b. Currently: how long does it tak USMC Capt Peter Moon-29 Aug E- 0 D L Cle@rance objective
MCM operations to clear one bg for MCM operation is 48 hours from the start of overt operatio
lane? with 72 hours being the threshold."

c. Currently what types of assists g Stakeholders did ngirovide an answer to this question.

used to conduct MCM to clear a bq
lane?

d. Typically how much of the boat lar

is considered in the VSW region?

Stakeholders did not provide an answer to this question.

26

In performing an Amphibious Operation
that requires the penetration of a hostile
environment that has aflinding defense;
will the priority of MCM be to:

1.
2.

3.

Detect, Mark, and Avoid Mines?

Detect, Classify, Mark and Avoi
Mines?
Detect,
Mines?

Classify, and Neutraliz

PMS-340
NMAWC
N852

Matt Clements +(ITT Technical RepresentativeEODMU1)
Interview 8-29-2011 *,Q UHDO H[HUFLVHYV L
,Q WUDLQLQJ ZH H[HUFLVH DQG P

27

How is a cleared lane marked for an
amphibious force? Is there a preferred
method to marking a lane that is cleared?

Stakeholders did not provide an answer to this question.
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assumed that to neutralize a mine it must
blown in place.)

1. Before Amphibious force crosses
LD? If so thow much time before?

2. After 1% wave crosses the LD f{
secure surprise?

3. After all waves have reached t
beach but support ships have 1
transitioned closure to the shore.

Question Directed at What | Answer
Stakeholders
28 | If the requirement is to perform PMS-340 Bob Stitt - (ITT Technical Representatve MMS Trainer /
Neutralization of Mines; at what time NMAWC EODMU1), Mod INSWC-PCD interview 823-2011:In
should the mines be neutralized? (It is N852 practice, neutralization is not always done. Marking and

avoidance is preferred. Neutralization is only done if necessa
and if available.

29

In some of our reading, we have come
acrossan AUV having chemical
neutralization capability that provides a
non-explosive neutralization abilifSEA
Cohort 14, 2008) This would seem to
promote an ability to covertly neutralize
mines allowing the amphibious force
intentions to go undetected.
1. Has there been some success
developing any of these systems?
2. Is there a desire by the US Navy
have this ability?
3. Are therelimitations with this kind
of a system?

Danny Sinisi, PMA-299 OAMCM SEIT Lead - ALMDS sweep
cannot be done covertly.
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1. If this is this is still the current plan

2. If this is still the current plan, whg
type of ships will be required t
carry the MCM assets? In oth
words, is itenvisioned the missio
will be taken over by another ship
aircraft?

3. What C4l requirements are plac
on the MCM assets to facilitate tk
ship to perform other missions?

Question Directed at What | Answer
Stakeholders
30 | In NAVSEA 2009 to 2013 Strategic LCDR John Schiller EODMUL1 XO Interview 9-2-2011 The
Business Plan, it shows the number ship | NMAWC LCS is still a good concept. Although the MCM mission modu
types classified as Mine going from 14 in | N852 is still not defined, there are a lot of unknowns out there that s
the year FY08to Zero in F¥20(NAVSEA | PMS420 are being worked out. Mission modules need to be reliable ar
Strategic Business Plan, 2009) PEO LCS capable of handling multiple threatd MCM capability has bee

proven successful compared to some SMCM platforms.

31

Current Doctrine sites several limitations
with deploy deploying Marine Mammal
Systems (MMS) such as storage,
transportation, water contamination
(MCWP313, 2005) Would a MMS be
used for an Amphibious Operation in a
hostile environment? Is so when and hov,
1. Prior to the beach landing?
2. After the beach landing?

NMAWC
PMS-408
N852

Bob Stitt - (ITT Technical Representative MMS Trainer /
EODMUL1), Mod INSWC-PCD interview 8-23-2011:Yes,

MMS are still considered primary means of clearance. Althou
we train to complete the full DTE scenario, in practice this is n
always done. In real world events, we detect, mark and avoid
UUVs are still in development and are not elfdemployed in
practice. MK18 Mod 1 is the only UUV that has been used in
operations.If time is a limiting factor then a method of AMCM
will be the primary means to neutralization.

32

The LCS will be taking over the MCM

Stakeholders did not provide an answer to this question.
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Question Directed at What | Answer
Stakeholders
mission in 2017 and the LG®nceptisto | NMAWC

have mission packages to configure the L
to perform that mission. This poses a
guestion for command and control.

Who, for example, should have weapons
release authority to destroy a mine, deplo
MCM assets, or recover MCM assetthe
shipfV FRPPDQGLQJ RIILFH
charge of the mission detachment
(O'Rourke, 2011)

PMS 420
N852

33

No other surface ships have been design
to operate as many elffoard vehicles as th

NMAWC

Stakeholders did not provide an answer to this question.

LCS. How will each ship coordinate its | PMS 420
own off-board systems, including N852
unmanned air, surface and underwater
vehicles(O'Rourke, 2011
34 | Should different ships take responsibility Stakeholders did not provide an answer to this question.
for particular dimensiongt.e. should one | NMAWC

ship control all the underwater vehicles, o

PMS 420

should that be left to each CO or OIC N852
(O'Rourke, 2011)
35 | Is there any discussion for covertly PMA-299 Danny Sinisi, PMA-299 OAMCM SEIT Lead #l don't know.

deploying MCM Autonomous Underwater
Vehicles (AUV) from Helicopters?

PMA-261

36

Is there any discussion for commanding &
controlling AUVs from helicopter via a

radio/IR link?

PMA-299
PMA-261

Danny Sinisi, PMA-299 OAMCM SEIT Lead %l have heard of
commanding UAVs from the 480, but not AUVSs.
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APPENDIX C: COMPARISON TO GUADAL CANAL

B. COMPARISON OF WWII A MPHIBIOUS FORCEWITH 72'$<96 )25&(

On 7 August 1942the first United Stateamphibious mvasion of WWIItook placeon
theislands of Guadalcanal, Tulagi, and Florida in the southern Solomon Iskasdkepictedn
Figure95.

Figure95. WWII Guadalcanal Invasion

Depicion ofthe 7 Aug 1942 invasion routes taken by@Fduring WWII (Friedman K. 1., 2011; Miller Jr., 1948)

The US forcesTask force (TF) 44 and 62onsisted ofcruisers, 15 destroyers, 3 fast
transports, 5 Cargo Ships, 10 Troop Transports, 5 High Speed Minesweepers, 1 landing ship tank
(LST), and 5 cargo transports. In addition to Task force 44, three aircraft carradedi©AS
for the invasion.

265



Table37 lists the ships that were involved in the invasidine main goal of the invasion
was the capture of Henderséiteld, an airstrip that had been built by the Japanese. The
bombardment that was provided by the task force was so fierce that it deterred the defenders, and
left the Marines to land unopposed.
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Composition of WWII Task Force 62 and 44supporting the invasion of Guadalcanal 7 August 1942,

Table37.

WWII Task Force 62 andircraft Carriers

AIRCRAFT Transports CRUISERS DESTROYER Mine
CARRIERS Sweeper
USS Saratoga| USS Little +Fast USS Chicago Heavy USS Buchanan TF | USS Hopkins
transport (APD) CruiserTF- 62.4, Fire Group DMS-13 *
Transdiv 12+Note (1) | 62.25qdrn Yoke = | Mike *Note (1) Note| Note (1)
- Note (2) Note (1), Note (2) | (2), Note (4)
Note (3), Note (4)
USS USS MckeantFast HMAS Australia USS BlueDestroyer | USS Trever
Enterprise transport (APD) Heavy CruiseiTF- | Squadron 7 DMS-16 *
Transdiv 12tNote(1) | 62.2,Note (2) Note | (DESRON 7), + Note (1)
- Note (2) (3), Note (4) Note (1) Note (2)
Note (4)
USS Wasp USS Gregory tFast | HMAS Hobart Light | USS Henley USS Zane
transport (APD) CruiserTF-62.2, DESRON 7, tNote | DMS-14 +
Transdiv 12+Note (1) | Note (2), Note (3), | (1), Note (2) Note Note (1)
Note (2) Note (4) (3), Note (4)
USS Calhoun+ USSVincennes USS Helm USS
Landing Ship Tank Heavy CruiseiTF- DESRON 7, +tNote | Southard
(LST) Transdiv 12+ | 62.3,Note (2), Note | (1) Note (2), Note DMS-10 %
Note (1)- Note (2) (4) (3), Note (4) Note (1)
USS Athena AKA - USS San Juan Ligh{ USS Selfridge USS Hovey
22 - Cargo Note (2) Cruiser TF 624, Destroyer Squadron | DMS-11 +
Fire Group Mikex | 4, (DESRON4), Note (1)

Note (1) Note (2,
Note (4)

Note (2), Note 4

USS Betelgeuse
AKA -260- Cargo-
Note (2)

USS Astoria Heavy
CruiserTF-62.3,
Note (2), Note (4)

USS Pattersonz
DESRON4, Note (1)
Note (2), Note (3),
Note (4)

USS Bellatrix-AKA -3
- Cargo- Note (2)

USS Canberra
Heavy Cruiseil F-
62.25qdrn Yoke+
Note (1) Note (2)
Note (4)

USS Bagley
DESRON 7, +Note
(1) Note (2) Note(4)

USS Formahaut
Cargo- Note (2)

USS Quincy Heavy
CruiserTF-
62.3Note (2), Note

(4)

USS Ralph Talbot
DESRON4, Note
(2), Note (4)

USS Libra-AKA-12 -
Cargo- Note (2)

USS Mugford
DESRON4, Note (2)
, Note (4)

USS President
Jackson APAL8
Transdiv Easy+Note
(1) - Note (2)

USS Jarvis
DESRON4, Note
(2), Note (4)

USS Neville-APA-9
Transdiv Easy+Note
(1) - Note (2)

USS HullTF 62.3
Fire Support Group
(FSG) L,Note (2)
Note (4)

USS Zeilin APA3
Transdiv Easy+Note

USS DeweyTF 62.3
FSG L,Note (2)
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AIRCRAFT Transports CRUISERS DESTROYER Mine

CARRIERS Sweeper

(1) - Note (2) Note (4)

USS HeywoodAPA-6 USS ElletTF 62.3

Transdiv Easy+Note FSG L, Note (2)

(1) Note (4)

USS Crescent City USS WilsonTF 62.3,

APA-21 - Note (2) Note (2), Note (4)

USS President Hayes USS Monssen TF

#APA-20 - Note (2) 62.4, Fire Group
Mike, +Note (1)
Note (2)

USS President Adamg
-APA-19 - Note (2)
USS Hunter Liggett
AP-27 - Note (2)
USS American Legion
-AP-35 - Note (2)
USS BarnetAPA-5 -
Note (2)
Note: (1) Information found in Task Force 62 Order to Action Tul@giadalcanall3 August

1942. FE24/A163 (CO1)- (Wilde Jr., 2001)

(2) (Friedman K. I., 2011)

(3) (Gill, 1968)

(4) (Budge, 2010)

If a similar invasion was to be attempted with present day forces, the invasion force
would be made up of Task Force 76 {T6), Destroyer Squadron 31 (DESRON 31), and Carrier
Strike Group 1XCARSTRKGRU 11) as showin Table38. In this scenaripTF-76 was chosen
because it is the US Seventh Fleet Expeditionary Strike group that is responsible foticgnduc
expeditionary warfare operation in the Pacifid= 76, 2011) Since TF76 does not have any
organic antisurface or antsubsurface assets and very limited -amticapabilities, assumptions
were made to designate DESRQ@Nas an escort since it is a Pacific Fleet g€&@®MDESRON
31, 2011) Therefore DESRON 31 priorities woulk to protect TF76 from air and surface
GHOLYHUHG $6&0YV DQG VXEVXUIDFH WRUSHGWUWHIVbe td (6521
provide suppression of coastal defens€arrier Strike Group Elevd@ARSTRKGRU 11) was
also chosen for the scenario because it is also included iff'thke&t, which is assigned to the
U.S. Pacific Fleet. CARSTRKGRU 11 is composed of 3Nimitz CVN-68, Carrier Air Wing
Eleven (CVW11) and Destroyer Squadron 23 (DESRON @E3PMCARSTRKGRU ELEVEN,
2011) The total force would be composed of 1 aircraft carrier, 7 destroyers (DDG), 1 guided
missile cruiser (CG)4 Fast Frigates (FFG) 1 landing helicopter deck (LHD), 2 amphibious
transport dock (LPD), 1 landing ship dock (LSD), 1 amphibious command ship (LCC) and 4
mine counter measure MCM ships.
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Table38.

7TRGD\YV 7DVN )RUFH andCARSTRKGRU11

Table depicts composition of present day force needed for a Guaddigamatvasion mission
(COMCARSTRKGRU ELEVEN, 2011; COMDESRON 31, 2011; TF 76, 2011)

CARSTRKGRU 11 AMPHIBIOUS MCM SHIPS DESRON 31
TRANSPORTS TF 76 TF 76

USS Nimitz(CVN 68) | USS Essex LHER USS Avenger | USS Chafee
DDG-90

USS Spruance (DDG | USS Denver LPD USS Defender | USS ChungHoon

111) DDG-93

USS John Paul Jones | USS Tortuga LPD USS Guardian | USS Hopper

(DDG 53) DDG-70

USS William P USS GermanTown USS Patriot USS Paul

Lawrence (DDG 110) | LSD-42 Hamilton DDG
60

USS Sampson (DDG | USS Blue Ridge LCE USS Russell

102) 19 DDG-59

USS Vandegrift (FFG USS Crommelin

48) FFG-37

USS Curts (FF&38) USS Reuben
James FF&7

USSPrincetonCG 59

7KLV VHWV WKH VWDJH WR SHUIRUP
force in providing suppression for MCM operation. To make a
following assumptions:

D FRPSDULVRQ EHW
comparisomacke the

1. Naval Fire Power to Support AmphibiousOperation Assumptions

In calculating the fire power that was available for the WWII task force, the ships
accompanying the aircraft carriers were not included. This is because the destroyers, cruisers,
and battleship that protected the aircraft carriegsevout of range to provide suppressiwe for
the landing force. However, the destroyers and cruiser accompanying the USS Nimitz could
launch tomahawk missiles in support of the MCM operation and still protect the Nimitz with
antiair and antiship prdedion. Therefore these ships are used in the calculations of providing
long rangesuppressive fire for an MCM operation. Theare two variants of Tomahawk
missiles:the RGM/UGM109E Tomahawk Land Attack Missile (TLAM Block V) arttie
RGM/UGM-109B Tonmahawk AntiShip Missile (TASM), aradar guided anshipping variant
(Sweetman, 2009)
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Table39 lists the firepower availabl® tsupport the amphibious force.

Table39.

FictionalModern Day Invasion Force Fire Power Mix

Depiction of modern day invasion forcayoad by support vessel.

SHIP Vertical | SM | ASROC | Harpoon | TASM | TLAM 5 76
Launch Inch | mm
Tubes Gun | Gun
DESRON 31
USS Chafee
DDG-90 96 48 5 24 19 1
USS Chung
Hoon DDG93 96 48 5 24 19 1
USS Crommelin 10 1
FFG-37 40 30
USS Hopper
DDG-70 90 45 5 23 17 1
USS O'Kane
DDG-77 90 45 5 23 17 1
USS Paul
Hamilton DDG
60 90 45 5 23 17 1
USS Reuben 10 1
James FF&7 40 30
USS Russell
DDG-59 90 45 5 23 17 1
CARSTRKGRU 11
USS Spruance 1
DDG 111 96 48 5 24 19
USS John Paul 1
Jones (DDG 53) 90 45 5 23 17
USS William P 1
Lawrence DDG
110 96 48 5 24 19
USS Sampson 1
(DDG-102) 96 48 5 24 19
USS Vandygrift 10 1
FFG-48 40 30
USS Princeton 2
CGhH9 122 61 10 31 20
FIRE POWER AVAILABLE FOR SUPPRESSIO| 200 12 3
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In calculating the fire power availabilee following assumption were made:

1. The T' priority of the combat surface ships would be to counter the ASCM missile
threat. Therefore half the available launch tubes would have Standard Missiles (SM).

2. The 2" priority of the combat surface ships would be to counter any surface threats.
Therefore half of the vertical launch tubes that are left from the total vertical launch
tubes not containing SM would contaiIASM.

3. Each combat surface ship would contain 5 tASROC torpedoes.

This would give the combined force the ability to launch ZQAM s in support of the
Marine Amphibious force.

2. WWII and Modern Day Aircraft Assumptions and Comparisons

The second assumption was the number of planes used in support of fdieéneuring
WWII was 91. The USS Saratoga could carry 91 air¢raifedman N. , 1983%he USS Wasp
and USS Enterprise could carry 90 aircraft e@i@fedman N. , 1983) However, not all these
aircraft would be combat aircraft and not all of them would participate in providing air support.
Thereforea conservativeestimateof 90 aircraft was madeo provide the Marines WItlCAS
during the invasion.The aircraft that wuld haveto provide CAS from the carriers would be the
Navy Grumman F4F Wildcat fighter and the Navy Douglas SBD Dauntless (Scout/Dive
Bomber). The F4F could provide close-support with six 50 caliber machine gufWriter,
2010). The SBD Dauntlessoald deliver one 1000 pound bomb and two 100 pdumabs in
CAS (Dwyer, 2011)

It is unknown how many airplanes were deployeduppsrt the Guadalcanal invasion;
however there were 103 SBDB Dauntless dive bombers and 173 FHRVildcats fighters that
were available from the carrier force to support the invasion of Guadalcanal. Not all aircraft
were dedicated to support the invasion; instead, there was a percentage to provide combat air
patrol (CAP) for carriers a quick response for ABtiip operations. If 75% of the SB®dive
bombers and 50% F4F fighters were dedicated to support the invasion, this would give the
amphibious force 77 dive bombers and 87 Fighter€ .

Therefore, a groundupport attack could include a mix of 77 Dauntless and 87 Wildcats.
This would give the support attack the ability to deliver 92,400 Ibs of ordnance with aircraft
machinegun support in one mission.
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Table40 shows the number and type of aircraft that was available aboard the carriers to
support the invasion.

Table40. WWII Carrier Task Force THB1

Table shows the availabércraft on theVWII carriers to support the invasioh GuadalcanalBudge, 2010)

Number of
Carrier and Squadron Aircraft Type of Aircraft
CV Saratorga
VF-5 34 FAF4 Wildcat
VB-3 19 SBD-3 Dauntless
VS-3 18 SBD-3 Dauntless
VT-8 16 TBF-1 Avenger
CV Enterprise
VF-6 36 F4F4 Wildcat
VB-6 18 SBD-3 Dauntless
VS-5 18 SBD-3 Dauntless
VT-3 15 TBF-1 Avenger
Ccv
Wasp
VE-71 29 F4F4 Wildcat
VS-71 15 SBD-3 Dauntless
VS-72 15 SBD-3 Dauntless
VT-7 10 TBF-1 Avenger

In comparisonthe modern daWimitz aircraft carrier typicahircraft load-out includes
12 FA-18E/Fs, 36 FAL8s, 4 EA6B, 4 E2C, 4 SH60F, and 2 HFBOH aircraft(Nimitz Class,
2011) If 12 FA-18s werededicated to providing CAP for the Nimitz; this would leave 40
aircraft (12 FAL18E/F, 24 FA18C/Ds and 4 EABs) forproviding CAS to the Marines. Note
that theEA-6Bs would provide the electronic attgehrt of the obscuration mission

Each FA18C/D ca deliver up to 13,700 Ibs of stores to include, free falling or guided
bombs, cluster bombs, or napalm tarfBeeing, 2011) In addition to the aircraft from the
Nimitz, the LHD can provide 6 Harriers A8B and 4 Super Colsao provide suppression for
the MCM operatior(Nimitz Class, 2011) The AV-8B can provide 13,200 Ibs of stores to also
include cluster bombs, guided and unguided bombs and napalm ca(ixieedd & March,

2004) The Super Cobra can carry up to seventy-ihéb rockets or eight-thch rockets or 8

Hellfire missiles(AH-1W / AH-1Z Super Cobra, 2011)For this example, it estimated that the
present dayforcescan deOLY HU OEV DQG " URFNHWV LQ
mission.
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3. Firepower Comparison

Table 41 tabulates the fire poweahat could be used for suppressi@bscurationand
Isolationduring an MCM operatoEHWZHHQ ERWK WRGD\{ VYhémbGeriVdaH
naval air force can deliver 7 times manelnance faster and more precisilgn the WWII force
with fewer planes. The US Navy and Marine Corps depend on the @A&to provide the
bulk of the suppression and obscuration for the MCM operatHowever, if air power parity
exists as it did in WW]|lor the enemy gains air superiority, it is envisioned that fewer planes
would be released to support the MCM operation. Additionally planes may not be able to loiter
without air superiority to sk targets of opportunity In this situationthey will not be able to
sustain consistent suppression of targets.

i, IR

Table41l Fire Power for Suppression Comparison between WWII with Today

Comparison of suppression fire availablé\®VIl and present day forces supporting an amphibious landing.

WWII TF 44 SUPPRESION FIRE TODAY SUPPRESSION FIRE POWER
POWER
Number Guns Gun Type Number Guns/Rockets Type
Guns/Rockets
42 8 inch Guns 200 UGM-109ETLAM
20 6 inch Guns
123 5 InchGuns 12 5 Inch Guns
39 4 Inch Guns 3 76 mm
17 3 Inch Guns
16 1 Inch Guns
52 40 mm
2 37 mm 10 25 mm
42 20 mm 5 20 mm
Naval Combat Aircraft Naval Combat Aircraft
164 50
92,400 lbs Ordnance in Mission 627,200 lbs Ordnance in Mission
280 2.75 Rockets in
Mission

The WWII Naval force produced more sustained fire power from their ships upon an
objective than a modern day force would. This is because the WWII era ships could sustain a
land barrage. Clearly it can be seen that a Wwa$k force can provide more effective
suppression and obscuration fire than a modern day task force by the sheer number of artillery
pieces at its disposal. An argument can be made that Tomahawk missiles and laser guided
PXQLWLRQVY IURP RtRahHeE @oré precidd.id EheiDattack to eliminate coastal
defenses. However, the assumption is that the amphibious force can accurately identify the over
watched positions or the land based defense artillery and mortars. This might not be the case
with an island that has a jungle environment with ype#ipared defensive positions. However,
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suppression fire does not need to be accurate. It needs to be close enough to create confusion,
fear, and obscuration of the target to be effective. Considestiflfirounds from each 8, 6, 5,

and 4 inch WWII gun were used in suppression; it would total 2040 rounds for suppression as
compared to 200LAM .

4. WWII and Current Operations Breaching Comparison

Figure 96 graphicaly summarizegshe MCM Breaching capabilitiebetweenthe WWII
force and the US Naval force tdday. In short, the preserday USNaval force hagewer
capabilities to provide suppression and obscuration for mine obstacle breaching operation when
the US does not have auperiority. The WWII force could move further close to the beach and
provide suppressive and protective fire power for the MiGMe and thus provide Isolation and
6HFXULW\ 7RGD\YV IRUFHV FDQ TXLFNO\ ODQG ODULQH IRUF
DQG KDUDVV WKH FRDVWDO GHIHQVH DQG WKXV SURYLGH 3
Therefore,due to these ugue aspects both the WWII and present day forces bgual
capabilities to isolate the mine obstacldowever, he mine obstacle sweeping capability of the
PRGHUQ GD\ 0&0 VKLSVY DUH VXSHULRU WR WKH ::,, IRUFH E
greater epability to detect and find the mines, but the MCM reduction capabilities of today still
depend on men (divers) to neutralize the mines like the WWII force.

Figure96. Amphibious Mine Breaching Comparison between WWII &nday

Figure provides a comparison of capability of the amphibious assactisffor MCM between WWII and present
day.
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C. COMPARISON OF WWII A MPHIBIOUS FORCE WITH FUTURE
AMPHIBIOUS FORCE

To make a comparison of mine breaching capabilities with futsetsgssasumptions for
the composition of a futurtorce shown inTable 42 were developed using assets that will be
available 15 years from nowlt was assumed thathe future force would be composedlof
aircraft carrier, 8 destroyers (DDG), 2 guided missile cruiser (CG), 1 Amphibious Assault ship
(LHA), 2 amphibious transport dock (LPD), 1 mobile landing platform (MLP), 1 Joint High

Speed Vessel (JHS\ANd 4 Littoral Combat ships (LCS).

Table42. Future Task ForcandCSGSupportingAmphibious Operation
Composition of potential future force to support an amphibious landing.
AIRCRAFT AMPHIBIOUS LITTORAL Cruiser Destroy
CARRIERS TRANSPORTS COMBAT SHIPS Squadron
MCM
USS Nimitz CVN USS America USS Freedom LCS | USS Port Royal
LHA-6 (CG 73)
USS Spruance USS New York USS Independence | USS Chafee
(DDG 111) LPD LCS DDG-90
USS John Paul Jong USS Arlington USS Fort WortiL.CS | USS ChungHoon
(DDG 53) LPD DDG-93
USS William P USS (Not USS Coronado LCS | William P.
Lawrence (DDG Designated) MLP Lawrence (DDG
110) 110)
USS Sampson USS Spearhead USS Zumwalt
(DDG-102) JHSV (DDG 1000)
USS Gravely (DDG Michael Monsoor
107) (DDG 1001)

USSPrinceton CG

59
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Table 43 and Table 44 show the calculations for the suppressive fire power of a future

force as compared to thNgéWII force.
Table43. Futurelnvasion Force Fire Power Mikvailable For Suppression

Tabulation of future force firepower capabilities to support an amphibious landing.

SHIP Vertical SM | ASROC | TASM TLAM 155 3Gun 57
Launch mm mm
Tubes Gun
CGDESON XX
335)5 Port Royal (CG 122 61 10 31 20 2
USS Chafee DD®0 96 48 5 24 19 1
USS ChungHoon
DDG-93 96 48 5 24 19 1
Wayne E. Meyer
(DDG 108) 96 48 5 24 19 1
USS Zumwalt (DDG
1000) 80 45 5 23 17 2
Michael Monsoor
(DDG 1001) 80 45 5 23 17 2
CARSTRKGRU 11
V53 Spruance DG 96 48 5 24 19 NOTE 1
USS John Paul Jones
(DDG 53) 90 45 5 23 17 NOTE 1
USS William P
Lawrence (DDG 110) 96 48 5 24 19 NOTE 1
llJOSZS) Sampson (DDG 96 48 5 24 19 NOTE 1
USSPrinceton C&69 122 61 10 31 20 NOTE 1
TE-XX

USS Freedom LCS 1
USS Independence 1
LCS
USS Fort Worth LCS 1
USS Coronado LCS 1

FIRE POWER AVAILABLE FOR SUPPRESSION 201 4 5 4

Note 1: These destroyers and cruiderse 5 inch guns but would be too far away to use them in the suppression
mission for an obstacle breech. Therefore, they are not included in the calculation for providing suppression support.
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Table44.

Comparison of suppression fire available to WWII and future forces supporting an amphibious landing.

Fire Power for Suppression Comparison between WWII fitture

WW Il TF 44 SUPPRESION FUTURE SUPPRESSION FIRE
FIRE POWER POWER
Number Guns | Gun Type Number Guns/Rockets Type
Guns/Rockets
42 8inch Guns 201 UGM-109ETLAM
20 6 inch Guns 4 155 mm
123 5Inch Guns 5 5Inch Guns
19 4 Inch Guns 4 57 mm
12 3Inch Guns
16 1 Inch Guns
52 40mm
2 37mm 10 25 mm
42 20mm 5 20 mm
NavalCombat Aircraft Naval Combat Aircraft
164 50
92,400 Ibs Ordnance in 627200 Ibs Ordnance in
Mission Mission
280 2.75 Rockets in
Mission

Thefuture force has a significant increased suppressive fire power over the present day to
force. TheLCS carries 880 rounds of 57 mm artetZumwalt class destroyers can carry up to
950 rounds of 155mm. It is projected that the 155 mm guns will have a maximum range of 62
miles. If these ships can be used in a suppressive fire mode, they could possibldissia
to 5420 rounds. This is close to parity with the WWII task force.

D. NEED FOR OTH CAPABIL ITY

What offsets the task force from providing close in suppression for the MCM force is the
protection of the amphibious ships frodSCM. The presence of$6 &0V GULYHV WK
requirement for the ATF to operate froBTH. OTH is difficult term to define and as the
definition of distance varies to what an appropriate OTH standoff distance is from the objective.

Joint Publication 32 Amphibious Operations stateW K DWErthe-horizon amphibious
operation is an amphibious operation initiated from beyond visual and radar range of the enemy
V KR WP 302, 2009) This is normally at the horizon which is approximately 22 to 25 miles at
sea. However, based on the analysis of being able to react to ASCMs it is suggested that the
AFT contain MCM assets that initially operate no closer than 50nm from the objective.
Additionally, other analysts have said that amphibious assaults will be launched from OTH at 25
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to 50 miles at se@Committee on Naval Expeditionary Logistics, 1999his further justifies
that current and future MCMystemshould have the ability to be deployed and launched from
distances greater than 50 nm.

In a report to congress, the Expeditionary Fighting Vehicle (EFV) was criticized for
being designed to be launched from 25 miles from the gkeieket, 201Q) The report pointed
out that this was not far enough by citing an example of a 2006 incident in which a Hezbollah C
802 cruise missile successfully attacked an Egyptian ship 36 miles from (Estwed, 200%h
The Chinese and Russians have developed sea skimming ASCM that travel at speeds over Mach
2. The Russian 800 NATO designation SN-22 can travel at Mach 2.3 for over 186 miles
(Russian/Soviet Soviet S&aseed AntiShip Missiles, 2005) These missiles can be launched
from ships, submarines, aircraft, and truck mounted launchers. If launched at the amphibious
force, it is estimated that the ships will have approximately 35 seconds to react to it when
detected at # maximum detection range of the ships. Reaction time can easily be equated to
probability of survival. If the amphibious force is any closer to the launch point of origin, it
decreases the arAiSCM reaction time for the amphibious force. The mostyik®int of origin
for the ASCMs will be from concealed camouflaged areas around the objective or from
submerged submarines. In the projection of force for Guadalcanal example, covered and
concealed ASCMs will be either on Guadalcanal or one of the nedabgls. If the ATF cannot
provide sufficient suppression fire to Guadalcanal or the nearby islands to protect the MCM
operation or the ATF from ASCMs, it drives the requirement to operate at a safe distance from
OTH to Guadalcanal and its surroundinigmsls.

If the ATF operates more than 50 nm from the objectiverddsces thasuppressive fire
supportcoming from the LCS.Once again the WWII force appears to be superior in providing
suppression and obscuration for the MCM operation. If the MCM operation cannot depend on
being provided with sufficient suppression of coastal defenses and obscuration from hostile
forces, thisoecomes a gap in the performance of conducting MCM Operations. This establishes
the need for MCM operations to be done covertly.

There are more reasons the MGlystemneed to have the capabilities to operate covertly
other than the inability to have quessive fire. $FFRUGLQJ WR WKH 1DM\ FRQFH:
Objectve ORYHPHQW 6720 ° LW FDOOV IRU DQ HPSKDVLV LQ WK
determine enemy strengths and weakness by locating and identifying mines and obstacles
(Marine Corps Development Command, 201$)I'OM relies on surprise to achieve amphibious
assaults from OTH. As stated in the Marine Corps STOM concept document:

37KH HQHP\ ZLOO FRQWHVW WKH FRQWURO RI DLU PD
domains. Amphibious forces will offset these challenges by remairahdgast initially over the
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horizon, using the expanded maneuver space offered by the sea to complicate enemy targeting
and provide more reaction time to defeat counterstrikEsom ths tactically advantageous
position, the landing force will be able to initially avoid enemy strength, maneuver to create
multiple entry points and disrupt enemy aatcess strategy and then overwhelm adversary
defenses to attack or iff XHQ FH L W dbfecivBINEarne Corps Development Command,

2011)

The STOM concept does change the tactics for breach obstacles. In other words, mine
obstacles and gaps in the defense must be identified covertly withaigeledsuppressive fire.
This mustbe done to maximize the effeat a surpriseattack. Additionally, the Navy identifies
LQ WKH 6720 FRQFHSW SDSHU 3«EUHDFKLQJ SUHSDUDWRU\
traditionally preassault tasks, will become @ntegal part of the assault phasg@viarine Corps
Development Command, 2011)This drives the need fa MCM capability to locate, assess,
classify, identify gaps, and map the mine field and obstacles before the asdasltin furn
drives a need for the MCMystemto communicate this information back to the TF before the
assault so that commander can make assessments and plan for entry points. In order to plan for
entry points, this drives a need for the TF to have aliffy to communicate with MCMystem
the desired entry points arfibat lanes to the MCM systenafter the assessment tie
reconnaissance. Lastly createseed for the MCM systents reacquire the desired mines for
neutralization and to synchronizeetimeutralization with the assault or to neutralize the mines
covertly before the assault.
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APPENDIX D: LEVELS O F AUTONOMY DISCUSSION

This appendix supplements the discussion of levels of autonomy in the main report,
providing further detail on each level of autonomy and the solution architectures to support the
level.

A. FULLY AND SEMI AUTON OMOUS OPERATIONS

NIST defines fully autonomous :as

A mode of operation of an UMS wherein the UMS is expected to accomplish its
mission, within a defined scope, without human intervention. Note that a team of
UMSs may be fully autonomous while the individual team members may not be
due to the needs to coomdie duringthe execution of team missiofBlIST,
2004)

A system which deploys fully autonomous vehiclkess a human operating in a
supervisory control modand vehicles operating as intelligent agents who also can opemate
supervisory capacity. Supervisory Control is a mode whaesor more human operators are
intermittently sending and receiving informatido the unmanned syste(iew, 2010) It is
where a machine closes a control loapd a supervisor intermittently programs the machine
with changes in missionAn intelligent agent is an autonomous entity that observes and acts
upon an environmerirecting its activity towards achieving goétsew, 2010)

A supervisor is an agent that has supervisory control over subordinate agedtan be
human or artificial without restrictioHew, 2010) A supervisolintermittently reprograms its
subordinates, using information thiathas gathered from the environment oketa from the
subordinate agentddew, 2010) The supervisomonitors mission progress, provides mission
level directions, and coordinates missigN$ST, 2004)

In a fully autonomouscondition a single human operating in supervisory control can
direct the operation of one or several vehicles in an MCM operation. This theatisehuman
would have a tactical display maintaining situational awareoieg®e overall status of vehicles,
the mode they are operating in, their status, the reported locations of mines and obsithes
overall status of routeseconnoiteed and cleared. The fuman controller would be able to
reprogram onevehicle or a goup of MCM vehicles for mission changeselect routes for
clearanceand grant permission for neutralization.
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It is envisioned that the vehicles operating as intelligent agents haweaoth processing
for sel-navigating target detection, target ctfgcation, obstacle avoidancejappingthe AO,
and communicating.

It is also envisioned that one of the vehicles can operate as supervisor of one or more of
the otherMCM vehiclesin the AO to change search patteorsredirect searchesThis means
that the supervisor not oyl has situational awareness its environment but also the
environment and status of its intelligent agents.

The main characteristic of fully autonomaygeration is thathe human needs only very
limited intermittent communicatio with one or more of the vehiclesBecause of this,he
bandwidth of the ammunications between the human and vehicles and between vehicles in the
field can be very limited.

Another characteristic of fully autonomoaperation is that the vehicles mumsaintain
redundancy in critical sensors for navigation and processiing. navigation solution is critical
for determining vehicle location, mine location, performing obstacle avoidance, maintaining
search patternsand performing collaborated missionsthwiother vehicles. The navigation
solution must be highly reliable and accurate to perform these functions over long periods of
time. Thevehiclemust have redundancy in the navigation sensors in order compensate for errors
caused by degradation or falig in sensor inputs. It must be able to compare navigation
solutions to correct errors in drift and to maintain a reliable accurate navigation solution for long
periods of time.

The vehicles must be able fuse information that comes from diffessrgors for the
purpose of target classification. Fusion is the process of combining or blending of relevant data
and information from single or multiple s@es into representation formats support the
interpretation of the data and information and to support system goals like recognition, tracking,
situation assessment, sensor management, or system control. It involves the process of
acquisition, filtering, correlation, integration, cparison, evaluation and related activities to
ensure proper correlations of data or information exist and draws out the significance of those
correlations(NIST, 2004) It is envisionedhat the MCM system Isdevel 4 or level5 data
fusion. These levels of fusion are described in the NIST Special Publication 1€\dl.4 data
fusion consists of assessing the entire process and related activities to improve the timeliness,
relevance and accuracy of information and/or intetiage It reviews the performance of sensors
and collectors, as well as analysts, information management systems, and staffs involved in the
fusion proces¢NIST, 2004) Level 5 fusion connects the user to the rest of the fysmress so
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that the user can visualize the fusion products and generate feedback/control to enhance/improve
these product®NIST, 2004)

A fully autonomous vehicle can have several advantages for covert operations in that it
can be planted in the AO long before it is needed. A fully autonomous vehicle could lie dormant
for several months until it is activated to perform its mission by a predefined signal or time
period. This could give advantages to seeding the vehiclee iA@hby various clandestine
methods. Additionally it is anticipated that autonomous vehicles have higher development cost
but much lower life cycle cost due to the fact the fully autonomous vehicles need fewer people to
operate and control them.

Thereare a minimum of 3 redundant critical sensors that are measured independently to
enable fully autonomous operation. This is done so that critical infam@an be compared for
sensorerrors due to degradation and failures. These critical seasp@essure transducers
used to measure depth and speed. It is also recommended to that the system contain 3 redundant
inertial reference systems and 3 independent processors to insure precise navigation.

B. TELE -OPERATED SYSTEM

Tele-operation is where auman @erator, using video feedback and/or other sensory
feedback, either directly controls the actuators or assigns incremental goals, waypoints in
mobility situations, on a continuousasis, from off the vehiclegia a tethered or radio linked
control device. In this operationmode, the UMS may take limited initiative in reaching the
assigned incremental go&NIST, 2004)

Tele-operated MCM vehicles have very limited SA because of limited onboard
processing and lack in redundaggior criticalsensors. The MCM vehiclésve level 1 or level
0 fusion abilities. Level 1 fusn is where a vehicliakesa new input and normalizes the input
data, correlatethedatainto an existing entity database, and updates that database.

Tele-operated vehicleseed to be recovered to perform post mission analysieexn to
continuously stream data back to the MCM control ship for mission processing. The human
operator neesicontinuous communication with the vehicle to assess and diseoperation.

The operators per shift could range from 1 to 2 perslkdo operate one vehicle.

The vehicle cannot be planted covertly and expected to lie dormant without the risk of
losing the vehicle due to very limited SA.
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It is envisioned that the M vehicleswould be able to operate in this mode when all or
most of it critical sensors used for navigation have failed or been severely degraded or its ability
to process navigation inputs or sensor inputs has been severely degraded.

C. REMOTELY PILOTED SY STEM

Remotelypiloted systems are wherehaman operator, without benefit of video or other
sensory feedback, directly controls the actuators of the UMS on a continuous basis, from off the
vehicle and via a tethered or radio linked control devaiagivisial line-of sight cues.In this
mode, the UMS takes no initiative and relies on continuous or nearly continuous input from the
user(NIST, 2004)

This mode of operation requires an operator to have direct sight of the MCMevehi
This can be accomplished fromdeo provided by another platfornmr by an operator
controlling the vehicle while maintaining eyes on the vehicle.

In the case for MCM operations, the assumption would be thatamsinwvould be
conducting PMAat the ontrol ship.

Remotely piloted systems have no situational awareness oéthaionmentand require
constant operator input to guide it to accomplish its mission.

It is envisioned that the MCM vehicles should be able to operate in this mode when all or
most of its critical sensors used for navigation have fadedts ability to process navigation
inputs are failed and its sensor inputs has been severely degraded.

D. ADDITIONAL AUTONOMY ARCHITECTURE CONSIDE RATIONS

Additional features such gsrocessing apability, neutralization responsibility, sensor
confirmation, DTE time delay activation, requirements for doctrinal change, manning
recommendations, redme communication requirementsand Pos Mission Analysis
requirements need further consideratiompared to the system level of autonomy:

1. Processing CapabilityAs autonomy increases, the processing capability
increases As thedecision control shifts frorthe human tothe system with
increasing autonomyhe system needs to have the processing dépétoi
handle complex behaviand decision algorithms.

2. Neutralization Responsibilityncreasing autonomy allows the system to take
responsibility for DTE completion. A concept would be that as autonomy
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increases, the system would be authorizeehigage the ming it identifies a

target within specific parameters without waiting for the human to make
decisions.

. Sensor Confirmation: With the human in the loop at the lower levels of
system autonomy, the sgst would be required to show the@man target
confirmationusingonly one of four sensors. This would allow the human to
make decisions on the target even if there is only one sensor to confirm data.
At higher levels of autonomy, the system would needitexhal target
confirmation data since the human is absent from the loop as a monitor.

. DTE time delay activation: A concept benefit with highly automated systems
is that it would have the capability to activate a search on either a time delay
or upon huma confirmation. This allows the vehicle to be seeded in the AO
and lie dormant until it is needed. Thiallows thevehicle to be planted
covertly and reactivated at a later time.

. Requirements for Doctrinal Change: As defined in the NWP MGHNb 3
doctrine,target neutralization can only be executed after visual identification
LY PDGH E\ D GLYHU 1RW RQO\ GRHV WKLV NHHS
it is not matching the scope of current roadmap doctrinal concepts. The
doctrine should be in line with allving the system to provide identification
details as autonomy is incredse

. Manning for the system:. As the level of autonomy increases to a fully
autonomous system, the number of operators that are needed to control and
oversee the system will decreasbstantially.

. Post Mission Analysis: Increasing autonomy in conjunction with establishing
a real communication network allows the system to take on the
responsibilities of the DTE sequence with human monitoring. This in turn
allows realtime processing andecision making at the higher levels of
autonomy and post mission analysis would no longer be required.
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E. COMMUNICATION LEVELS

An important consideration is the methods of communications that are used for system
operation. The systeflevel ofautonomy plays a significant factor in how much data is needed
to be transmitted and received. Systems with the higher levels of autonomy only need general
instructions from the operator, such as the dinmssof the search area, whergstems with
more human interaction need to transmit information much more oftable 45 highlights the
frequency of communications for each level of autonomy.

Fully autonomous systns should have the ability to transmit its location and status
periodically to the systems oversight personnel. These updates are transmitted on an intermittent
or periodic basis. Location and function updates would be transmiteecegtlar time inteval
with possible mine locations and neutralizations sent batke oversighas needed.

With the remotely piloted option, communications would occur in a continuous manner.
This would mean command and control data and sensor feeds would be trangonttehe
SPUDS to a local operatorThis would require a much higher bandwidth than only sending
periodic updates

Table4b. Communication Exchange Frequency by Autonomy Level

This table shows the frequency of communicationsdgh autonomy level. The fully autonomous system will
provide only intermittent updates, while the remotely piloted option provides a continuous feed from the sensors.

Frequency of
Communications

Fully Autonomous intermittent
Tele-operated semicontinuous
Remote Piloted continuous
semi continuous
IS B (C2 data only)

One of the most difficult tasks that must be performed in MCM operations for the
amphibias force is establishing OTEbmmunications between the MCM vehicles the MCM
control ship. Additionally, establishing underwater communications in the noisy VSW
environmentis also difficult There are three basic architectures that are considered for this
project. The first architecture consists of a series of buoys that us& 8§immunication to
transmit information. This is usedth fully autonomous vehiclesThe second architectureass
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directional line of sight communication to transmit data back to the command center via an
airborne data link. This andecture would force aantenna to be tetheredacsurface above the
water to transmit and receive data. The last architeagasea local operator to command and
control thevehicle. This also requires an antenna taedbeered taa surface above the water to
transmit and receivdata. Table 46 provides details of viable communication systems for each
level of autonomy.

Table46. Communication Comparison for Autonomy Levels.

This table provides the details around the two potential communications architectures fU®. 3 he chart
depicts pros and cons involved with the two architectures.

Vehicle Surface
Levels of | Communications | Bandwidth | Antenna | Communications time of
Autonomy Setup Ability Above Method
antenna
surface
Type H/M/L Y/N Type Time
I Not Needed
Fully Wi-Fi/Buoy M N RF (UHF/SHF) | Radio Backup
Autonomous (Disposable) Communication
Tele- Datalink using
Operated Airborne Platform H Y SHF/EHF Constant
Remote Light of Sight with M v VHE/UHE Constant
Control Local Operator

F. CURRENT AUTONOMY LEVELS

An initial analysis has been conducted on the MK 18 Mod 1 UUV system, divers and
MMS, to identify current system level of autonomyaking the understanding of the current
operating and fielded systems, the intent of defining autonomy architectures teke tach
definition of autonomy and identifywhich system features would be necessary to meet the
definition.

1. Diver Operations

Current MCM operations using divers put a large burden on humans performing
clearance operations, putting humans at riskastite and dangerous environments, obligating
the human to perform all functions of the DTE. Although this has been the approved method for
0&80 FOHDUDQFH RSHUDWLRQV VLQFH WKH TV WHFKQROF
concepts have been encouragiihg removal of the human and increasing the reliance on
unmanned systems to complete the taskidgderstanding the level of tasking that is placed on
humans is important to understand in order to start identifying methods of reducing their
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burdens. An mportant area to note where OPNAV future concepts need to shift doctrinal
procedures is within th&lWP MCM 3-15. Current doctrine states that a target can only be
neutralized once a human has visually identified (Vid) and classified the tdigee47 shows

the functions that are currently performed by a human diver compared to a system in MCM
operations.

Table47. Current MCM Diver Systerfrunctions

This tableshows the functions that are performed by the human diver in MCM operations. In this case, the human
carries out the entire detect to engage sequence.

DIVERS

Functions Human Task System Task
Search X N/A

Detect X N/A

Identify X N/A

Classify X N/A

Engage X N/A
Communication X Team Leader with Hos

Platform

2. MMS Operations

MMS operations are similar to divers in that a large burden is put on mammals.
Although mammals havan increased search area capability over diversnams still must
remain closeto operational areas in order to support the mammal. During MMS operations,
divers are still required to visual identifytarget before neutralization is authorizethble 48
provides an overview of functions that are carried out by mammals and humans in an MCM
operation.

Table48. Overview of MMS Operations

This tabledepicts functions that are carried outtbg mammal vs. a human being. As shown, the human tasks are
PRVWO\ YHULILFDWLRQ WR PDULQH PDPPDOTfV ILQGLQJV

MMS
Functions Mammal Task Human Task
Search X N/A
Detect X N/A
Identify X Verify
Classify X Verify
Engage X Verify
Communication X X
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3. MK 18 Mod 1 UUV

The MK 18 Mod 1 UUVis a sensor platform where raw data is collected. There
currentlyis no real time data transmit capability with some limited C2 information that can be
communicated via acoustic communication nodes to the UUV during mperat Human
operators must retrieve the vehicle, download raw data, and convert into imagery data that can be
viewed by Post Mission Analysis (PMA) Operatorh.is also important to notéhat Probability
of Detection/Probability of Classification{®)is QRW EDVHG R Q 6apabili§ssufiy
EDVHG WKH KXPDQYfV DELOLW\ WR LQWHUSUHW LPDJHU\ GD\)
challenging to accurately measurg”Psince the values can vary and are directly related to the
capability of the @ined operator.

Current operations have shown that one hour of UUV mission data yields approximately
one hour of PMA Operators reviewing imagery. Using humans to identify targets has proven
somewhat successful, but involves intense training and-hoars to prepare humanso
complete this task well. There are currently no fielded elements that assist the operator in
identifying targets. Table 49 provides an overview of the functions performed by humans and
the MK 18 UUV in an MCM mission.

Table49. Summary of Human and System Tasks for the MK 18 Mod 1

This table provides an overview of the functions that are curreothpleted by a human \vsystem for the MK 8
Mod 1 UUV.

MK 18 Mod 1 UUV
Functions Human Task System Task
Search X
Detect X
Identify X
Classify X
Engage X N/A
Communication X X

4. Other Considerations

As mentioned, current doctrine requiressual identification by a human before
neutralization. If the intent is for autonomous technology in the future development to remove
the burden, technology must first be proven mature and accurate. Additionally, the MCM
community would need to modifyodtrine concepts to allowystemso be considered a valid
identification and classification platform.
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As noted,Probability of Detection/Probability of Classificationsfe) value isnot based
RQ O. 889V FDSDELOLW\ EXW LV EDVHG WKH KXPDQYV DEL
sensor dataNot only would a doctrinal change be necessary to enable systems to identify and
classify targets, but software and autonomy behaviotdwoeed to be developed to support this.
Enabling the shift of limited human tasking and elevating technology and completing the DTE
functions using autonomous systems would allow t§f¢ Palues to be based on measurable,
comparable technology performanc
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APPENDIX E: DETAILED A RCHITECTURE MAPPING

A. ALTERNATIVE ONE MAPP ING

1. Alternative One Components Mapped to Functions

Table50 summarizefhiow each component addresses the functions explored in this report
(search, detect, identify, engage, and commurn)icatable50 alsoshows the breakout of tasking
that is performed by human operators, the MCM ship, an8@BuDSfor AlternativeOne.
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Top

Table50.

Alternative One Functions Allocated to Syst@omponents
Thistabledepictsfunctions allocated to the Advanced MCM system for Alternative. One

Level
Function

1st Level Sub
function

Performing System

Human/Host Platform

Human

MCM Vehicle

OTH Communication

Sub Component

Sub Component

SearchFS7.

Enter operational aree
FS.7.1

Mission Operator o
Tactical Oversight

Mission Operator & Tactical
Oversight Computers,
Vehicle/Tactical Displays

Propulsion System

Sub Component

MSN Processor

GPS/Acoustic Navigation

INS/GPS(3)

Beacon

query vehicle statu

Server

DVL

Recader/Playback

Depth/Pressure Sensor

Wi-Fi radio

Acoustic Comm

Acoustic/Wifi

Activate searchensors
FS.7.2

Optical Sensor
(4) Optical Sensors

Magnetic Sensor System
Deploy MagnetidGradiometer

Sonar Sensor System

1)

Power System

Follow sarch
commands
FS.7.3

Power System

INS/GPS (3)

GPS/Acoustic Navigation

DVL

Beacon

Propulsion System

Mission Processor(3)

Pressuréepth/Temperature
Transducers

Acoustic/WtFi

Acoustic Comm

Record platform
location
FS.7.4

INS/GPS(3)

DVL

Mission Processor(3)

GPS/Acoustic Navigation

Pressure Depth Sensor

Beacon

Acoustic Comm
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Performing System
ey 1st Level Sub - —
Level function Human/Host Platform MCM Vehicle OTH Communication
Function Human Sub Component Sub Component Sub Component
Server INS/GPS(3)
Recorder/Playback DVL
. . — GPS/Acoustic Navigation
Create mission Mission Operator orf Mission Operator Computers Mission P 3 Beacon
complete ressage | Tactical Oversight | Status Display/Controls ission Processor(3)
FS.7.5 query vehicle status Tactical Oversight Computer
and tactical map Pressure Depth Sensor
Display/Controls
— . . Acoustic/WiFi
Wi-Fi Radio Acoustic Comm
Optical Sensor
. h Magnetic Sensor System
DREEIEE SEele Sonar Sensor System
Sensors —
FS.7.6 Mission Processor
Power System
Optical Sensor
Receive information Magnetic Sensor System
from sensors indicating Recording System
contact inthe aea Sonar Sensor System
FD.1.1
— Mission Processor(3)
m
@ Mission Processor(3)
()
a

Record location of
contact
FD.1.2

Recorder
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Performing System

ey 1st Level Sub - —
Level function Human/Host Platform MCM Vehicle OTH Communication
Function Human Sub Component Sub Component Sub Component
: Pressure Sensor(3)
Record environmental
information from
SeNSors Temperature Sensor(3)
FD.1.3
Mission Processor(3)
MissionOperabr or Server/Switch
i ' Recorder
Create message abou szt'\f:Li(zl\fﬁgﬂé Mission Operator Computer
messag query\ . Status Display/Controls
detectionin the area | - Tactical Oversight Tactical Oversiaht Compute
and itsand location Updates Tactical and tacticgl ma P Mission Processor(3)
FD.1.4 Map and passes of Displa: /Controlps
information to Host play —
- . . Acoustic/WiFi
C2 Wi-Fi Radio Acoustic Comm
Optical Sensor (4)
Magnetic Sensor System
Recording System
~ Process sensanput SgngrSensor System GPS/Acoustic Navigation
3 FC 2.1 Mission Processor(3) Beacon
s INS/GPS(3)
= DVL
c_‘@ Temperature Sensor(3)
O

Acoustic Comm

Determine if cordctis
mine-like or normine-
like
FC.2.2

Mission Processor(3)

Optical Sensor (4)
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Magnetic Sensor System

Sonar Sensor System

Mission Operator of Server/Switch Recorder
Tactical Oversight
guery vehicle status
- Tactical Oversight

Mission Operator Computer
Status Display/Controls

Updates Tactical Tactical Overs_ight Compute Mission Processor(3) Acoustic/WiFi
Map and passes of] a_nd tactical map
information to Host Display/Controls
c2 Wi-Fi Radio Acoustic Comm

MissionProcessor(3)

Optical Sensor (4)

Magnetic Sensor System

Sonar Sensor System

Mission Processor(3)

Optical Sensor (4)

Magnetic Sensor System

Sonar Sensor System

Mission Processor(3)
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Top
Level
Function

Performing System

1st Level Sub

Human/Host Platform

MCM Vehicle

OTH Communication

function
Human Sub Component Sub Component Sub Component
Determine if nne-like .
contact is a drifting Optical Sensor (4)
mine
FI1.3.3 Magnetic Sensor System
Sonar Sensor System
Server/Switch Mission Processor(3)
Tactical Oversight —
guery vehiclestatus M|Zst§[350[§)iire|1;or/ggrr]?r%lger Optical Senso(4)
- Tactical Oversight - P - y
Determine if nine-like | Updates Tactical | Tactical Oversight Compute _
contact should be Map and makes and tactical map Magnetic Sensor System ) o
avoided determination if Display/Controls AcOUstiC/\WiFi
Fl.3.4 contact should be
avoided- passes Sonar Sensor System
informatci:ozn to Host Wi-Fi Radio
Acoustic Comm
Mission Operator o . .
Tactical C?versight Server/Switch Mission Processor(3)
query_vehiclesta_tus Mission Operator Computer Recorder
- Tactical Oversight Status Display/Controls
Updates Tactical - -
Tactical Oversight Compute
Map and passes or i
Create message abot information to Host and tactical map
mine identification c2 Display/Controls Acoustic/WiFi
FI.3.5
Acoustic Comm
Wi-Fi Radio
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Performing System
ey 1st Level Sub - —
Level function Human/Host Platform MCM Vehicle OTH Communication
Function Human Sub Component Sub Component Sub Component
Server/Switch
Tactical Oversight.
Create putralization Neutrglriggziisn Plan
plan and passes it onto Mission Operator Computer Mission Processor(3) Acoustic/WiFi
FE.4.1 P ! Status Display/Controls
Host C2 and 5 -
Programs Vehicle Tactical Oversjght Compute
and tactical map
Display/Controls
Wi-Fi Radio
Magnetic Sensor System
. Sonar Sensor System
rver/Switch —

Server/Switc Mission Processor . L
o o P Svst GPS/Acoustic Navigation
< Mission Operator or ower ystem Beacon
w Reacquire Tactical Oversight | Mission Operator Computer Optical Sensor
o - glg query vehicle statug  Status Display/Control Magnetic Sensor System
g o - TacticaI_Oversight Mission OperatoComputers Recording System
i Monitors Status Display/Controls Propulsion System

Sonar Sensor System Acoustic/WiFi

Wi-Fi Radio

Mission Processor(3)

Acoustic Comm

Neutralize ontact
FE.4.3

Tactical Oversight
Monitors

Mission Processor

GPS/Acoustic Navigation

Mission O (o ) Beacon
ission OperatoComputers
Status Dis?)lay/ControFI) INS/GPS
DVL
Pressure Depth Sensor
Server Optical Sensors
Wi-Fi Radio Acoustic Comm Acoustic/WiFi

Tactical Oversight
Commands
Neutralization

Tactical Oversight Computer
and tactical map Display, an
Control

Neutralizer
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Performing System
ey 1st Level Sub - —
Level function Human/Host Platform MCM Vehicle OTH Communication
Function Human Sub Component Sub Component Sub Component
Server Mission Processor(3)
Create message abol . : - - —
en 9 Tactical Oversight | Tactical Oversight Compute Acoustic/WiFi
gagementasults d . :
FE.4.4 commands and tactical map Display, an Acoustic Comm
Control
Wi-Fi Radio
Acoustic/WiFi
Wi-Fi Radio Acoustic Comm
Receive
communications Server Mission Processor(3)
FCO.6.1
Switch
Acoustic/WiFi
Wi-Fi Radio Acoustic Comm
8 Transmit
O communications Sends Tasking Server Mission Processor(3)
S FCO.6.2
3 Switch
C . . .
g Wi-Fi Radio Acoustic Comm Acoustic/WiFi
g Server
O

Determine &atus
FCO.6.3

Tactical Oversight
and Pilots monitor
Vehicle Status

Pilot & Co-Pilot Computers
Vehicle Status/Navigation
Display

Recorder

Tactical Oversight Compute
and tactical map Display

Mission Processor(3)

Store nformation
FCO.6.4

Recorder/ Playback

Recording System

Server

Mission Processor(3)
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2. Alternative One Components mapped tdRequirements

Table51 depicts the Alternative @ components mapped to the high level system requirements.

Table51. Alternative OneSystem Components MappedRequirements
Table listsSystem Requirements allocated to system companents
MCM Advanced System
UUV System OTH Host Platform MCM Local
Comm. System Operator
System
System (S (S
] () Q
Requirements vs. o 3 3 = 7
System E| S & | E 3 E| 2 )
Ll A 9 = ol O )
Components ol B c 7 x G 7 a b
0 2 > | E £ c = > = =E| O
e ©T | DL S 2 Oonhloe| %g| =
c| & e lc|8 |5 |c 2 Sc|=22/aQ| <
o) c 21 7 N o o 7 >~
g8ls |2 2. |3 |% £ EZ| ER| E?2| &
o -% S S| o = O S 68| 6B 6 ¢ 5
S|4 S S| =2 5 = Ex>|EE|lEL| 58| &
T | = o = | © o S Sg |85 8w 85| 5
z|=E/O0 |a|a |2 |E az|aE|laglagl 2
Q — — = O = 3]
3132/3 3|3 |3 |5 23185/ 288|233
S| >h| D S| > > &) I | TO|Ia|lIAa|a
REQ 1.0:
Clandestine X UA | X | X X BW M X
Operations
REQZ.Q:Premse 3 3 A X
Navigation
REQ 3.0:
Autonomous F F F F F T F X X
Operational Modes
REQ 4.0:
Processing 3 3 3
Capabilities
REQ'5.0: MCM 3 | UA BW w | x
Communication
RSO B0 3] 3 |uA| X | X
Endurance
REQ 7.0:
Operational X X X | X | X X
Environment
REQ 8.0:
Deployment 3 3 A | X | X X BW M A X
Distance
REQ 9.0:
Detect andClassify 3 3
Mines

Note: The letter "X" indicates the component affects solving the requirement regardless of alternative. "UA"
indicates under water acoustic communication. "M" indicates Multiple Platforms can deploy system. "BW"
indicatesBuoy Acoustic/WiFi network. "A" indicates acoustic aided. "3" indicates there are three independent
systems performing requirement. "F" indicates that it is fully autonomous operation. "T" indicates that it is Tele
operated. "W" indicates ki Radia
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B. ALTERNATIVE TWO MAPP

ING

1. Alternative Two Components Mapped to Functions

Table 52 summarizes the how each component addresses the functions expltrisd in

report gearch, detect, identify, engage, and communjicdtable52 alsoshows the breakout of
tasking that is performed by human operators, the MCM shiptren8PUDSfor Alternative

Two.
Table52. Alternative Two Functions Allocated to System Components
This tabledepictsfunctions allocated to the Advanced MCM system for Alternative. Two
Top Performing System
Level 1S¥qu$(¥[ﬁ)lnSUb Human/Host Platform MCM Vehicle
Function Human Sub Component Sub Component
Computer System Propulsion System
Pilot, CoPilot and Pilot & C&PiIgF I
: Tactical Oversight Computers Vehicle MSN Processor
Enter operational| '\, " " 1 | Status/Navigation Display
Fg?i status. Pilot Steering Control(s) INS/GPS
T directs/commands Server DVL
vehicle Recorder Depth/Pressure Sensor
TCDL TCDL
Optical Sensor
TCDL .
Pilot, CoPilot and (2) Optical Sensors
Activate search TacticalOversight Magnetic Sensor System
SeNSors Monitors vehicle | Control Panel Deploy Magnetic
FS 72 status. CePilot Gradiometer
T directs vehicle to | Pilot, CoPilot, & Tactical Sonar Sensor System
- turn on sensors | Oversight Computers and (€8]
) vehicleStatus Displays Power System
= TCDL TCDL
ilot, CoPilot and
S _FI)_' =1 Oversiah Control Panel INS/GPS
3 ol . I\jl‘c“‘Fta Verrf'? tPilot & Co-Pilot
clowseaich | Moniors vehice | Computers venic
. ) Navigation Displ
FS.7.3 directs/commands Status/Navigation Display

vehicle to follow
search patterns

Propulsion System

Pilot & Co-Pilot Controls

Mission Processor

Power System

Record platform
location
FS.7.4

Pilot, CoPilot and
Tactical Oversight
Monitors vehicle
position

TCDL TCDL
Server

INS/GPS
Recorder

Pilot & Co-Pilot Vehicle
Computers Status Display

Mission Processor

Tactical Oversight
Computer and tactical ma
Display

Pressure Depth Sensor

Create mission
complete nessage

Pilot, CoPilot and
Tactical Oversight

TCDL

TCDL
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Top Performing System
1st Level Sub .
Level function Human/Host Platform MCM Vehicle
Function Human Sub Component Sub Component
FS.7.5 Monitors vehicle
Monitors Vehicle | S€MVer
Status on mission
Recorder
Pilot & Co-Pilot Vehicle
Computers Status Display
Tactical Oversight Mission Processor
Computer and tactical ma
Display
Server Optical Sensor
. . Recorder Magnetic Sensor System
Pilot, CoPilot and py0e "6 Bilot Vehicle ’ >
. Tactical Oversight . Sonar Sensor System
Deactivate search Monitors vehicle Computer§tatys Display
sensors ; Tactical Oversight
status. CePilot . .
FS.7.6 directs vehicle to Computer and tactical ma Mission Processor
turn OFF sensors Display Power System
TCDL
c TCDL
MA Computer $ystem, Optical Sensor
and Sensor Displays,
Receive 3 Mission Analysis | Tactical Oversight .
information from | analyze data and | Computer and tactical maj Magnetic Sensor System
sensors indicating determine contact| DisPlay, :
contact inthe aea | and passes info to | Recording System Recording System
FD.1.1 Tactical Oversight Sonar Sensor System
Server —
Mission Processor
TCDL TCDL
Tactical Oversight Tactical Oversi_ght
Record location of  plots contact on | Computer and tactical ma
contact tactical map and Display,
_r FD.1.2 passes information Server
© MA Computer System, Pressure Sensor
£ Record . . and Sensor Displays, Temperature Sensor
I 3 Mission monitor

environmental

information from
Sensors
FD.1.3

Environmental data

Co-Pilot Computerand
vehicle status Display,

Co-Pilot monitors

Recording System

Mission Processor

depth

Server

TCDL

TCDL

Create message
about etectionin
the areandits
location
FD.1.4

3 Mission Analysis
analyze data and

Server

determine contact
and passes info to
TacticalOversight.

MA Computer System,
Sensor Displays, and
controls

Tactical oversight

passes information

on Host Platform
C2

Tactical Oversight
Computer and tactical ma
Display, and controls
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Performing System

Top
Level 1S;qu?(¥(ﬁ)|nSUb Human/Host Platform MCM Vehicle
AL Human Sub Component Sub Component
Server
Proqess SeNSOr | 4\ riccion Analysis MA Computer System,
input analvze data Sensor Displays, and
FC.2.1 y controls
Recording System
Server
Determne if 3 Mission Analysis| MA Computer System,
TR [ e analyze data Sensor Displays, and
: . Decision to controls
~ like or norrmine- determine Mi
) like eerming MIn® | Recording System
2 Contact. Tactical g sy
= Pt Oversight Monitors - -
= g Tactical Oversight
3 Computer and tactical ma|
®) Display,
3 Mission Analysis Server
analyze data and
determine contact| MA Computer System,
Create message| and passes info to | Sensor Displays, and
about contact | Tactical Oversight.| controls
classification Tactical oversight .
FC.2.3 updates Tactical | Reécording System
‘Map and passes Tactical Oversight
information onto | computerand tactical mag
Host C2 Display,
Server
3 Mission Analysis| MA Computer System,
Determine if analyze data to to| Sensor Displays, and
mine-like contact determine Mine | controls
is a bottom rine Contact is bottom )
F1.3.1 mine. Tactical | Recording System
Oversight Monitors Tactical Oversight
- Computer and tactical ma|
= Display,
= Server
=
ﬁ 3 Mission Analysis| MA Computer System,
Determine if analyze data to | Sensor Displays, and

mine-like contact
is a noored mne

determine Mine
Contact is moored

controls

Recording System

F1.3.2 mine. Tactical
Oversight Monitors Tactical Oversight
Computer and tactical ma
Display,
Determine if 3 Mission Analysis Server

mine-like contact

analyze data to
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Performing System

Top
Level 1S;qu?(¥(ﬁ)|nSUb Human/Host Platform MCM Vehicle
HLEE Human Sub Component Sub Component
is a drifting mne determine Mine | MA Computer System,
FI.3.3 Contact is a drifting| Sensor Displays, and
mine. Tactical | controls
Oversight Monitors )
Recording System
Tactical Oversight
Computer and tactical ma
Display,
Server
3 Mission Analysis| MA Computer System,
Determine if analyze data to | Sensor Displays, and
mine-like contact | determine Mine like| controls
should be @oided | Contact should be .
FI1.3.4 avoided. Tactical | R€cording System
Oversight Monitors Tactical Oversight
Computer and tactical ma
Display,
3 Mission Analysis Server
analyze data
identify Mine like | MA ComputerSystem,
Create message| Contact and pass il Sensor Displays, and
about mine to Tactical controls
identification Oversight. Tactical .
FI.3.5 Oversight Updates| Recording System
Tactical Map and Tactical Oversight
passes information computer and tactical mal
to Host C2 Display,
Tactical Oversight.
Creates Tactical Oversight
Neutralization Plan| Computer and tactical ma|
and passes it onto Display,
Create Host C2 and Pilots
neutrellzlea;tlloln pan Pilot & Co-Pilot
o Pilots Set Computers Vehicle .
Waypoints in Status/Navigation Display Mission Processor
E vehicle Server
L TCDL TCDL
S Command TCDL TCDL
= . : Tactical Oversight
=
I Tactical Qver5|ght Computer and tactical ma INS/GPS
Monitors .
Display,
Reacquire N;/'ilogfé (\:/Zﬁilc(;)lte to Pilot & Co-Pilot DYL
FE.4.2 9 Computers Vehicle Propulsion System

Mines Last Known

Status/Navigation Display

Mission Processor

Location
MA monitor Sensor, MA Computer System, Power System
Displays for Sensor Displays, and Optical Sensor
Contact controls (2) Optical Sensors
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Performing System

Top
Level 13;&;;{(%”5”&) Human/Host Platform MCM Vehicle
Function Human Sub Component Sub Component
Magnetic Sensor System
Deploy Magnetic
Server Gradiometer
Sonar Sensor System
1)
) ) Mission Processor
Pilot, CoPilot Pilot & Co-Pilot
guide vehicle to | Computers Vehicle INS/GPS
mine monitor Status/Navigation Display| DVL
Neutralize ontact | status. Tactical Pressure Depth Sensor
FE.4.3 Oversight Monitors| geryver Optical Sensors
TCDL TCDL
Tactical Oversight | Tactical Oversight
Commands Computer and tactical ma Neutralizer
Neutralization Display, and Control
Create message -
about @gagement| Tactical Oversight Server Mission Processor
results commands
FE4.4 TCDL TCDL
: TCDL TCDL
Receive
communications Server Mission Processor
FCO.6.1
Switch
: TCDL TCDL
Transmit
© communications Sends Tasking Server Mission Processor
5 FCO.6.2 :
s Switch
Q
‘§ TCDL TCDL
< Server Mission Processor
E Pilot & Co-Pilot
. Tactical Oversight Computers Vehicle
o
O Determine &tus |, piiots monitor

FCO.6.3

Vehicle Status

Status/Navigation Display

Recorder

Tactical Oversight
Computer and tactical ma|

Display
Store hformation TCDL RecordingSystem
FCO.6.4 Server Mission Processor
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2. Alternative Two Components Mapped toRequirements

Table53 depicts the Alternativewo components mapped to the high level system requirements.

Table53. Alternative Two System Components MappedRequirements

Table listsSystem Requirements allocated to system companents

MCM Advanced System
UUV System OTH Host Platform MCM Local
Comm. System Operator
System

System |5

Requirements vs| oy 3 o Q

System 953 2 c g i 5 ) § g

Components 219 S 2 € = g s8> =
alg |% |9 ¢g |5 = |82 58|88 |¢
S | a Q gl 9| g c - Sc|l=Z9| Lo =
§e) c 21 7 N| © o > > | 5
Sls |2 |2 935 2 E |ES|ET EF| 2
ol2 |E |3 g5 g 5. |88 82 85| 5
> 8 € ol 3| 3| € SE>EE|EE|E8 | 2

=2 =| O 9| S =0l =3| =8| =25 |0

z | =E/O0&la|ld|z|E a>lagaglaa |2
> | >2| >822 = > % % | BE | 8
5|32 32| 33| 3|5 22185/ 38|33 |3
O | Dh|Dh| D] D] D| O Ix|ITO| ITa|lITda | 3

REQ 1.0:

Clandestine X RDT | X | X | X RDA M RD 1

Operations

REQ 20:Precise) | | | | ppr | x RDA RD | 1

Navigation

REQ 3.0:

ALTEREIELE 1| T |ROT|T|T|T| RDA RD | 1

Operational

Modes

REQ 4.0:

Processing 1 1 1 RDA RD 6

Capabilities

REQ'5.0: MCM 1 | RT RDA RD | 1

Communication

RI=) 610, 1 1 RDT | X | X RDA RD 1

Endurance

REQ 7.0:

Operational X X X [ X[ X]|X

Environment

REQ 8.0: 1

Deployment 1 1 RDT | X | X | X RDA M RD X

Distance

REQ 9.0:

PG 1 |RDT RDA RD | 4

Classify Mines

Note:"X" indicates the component affects solving the requirement regardless of alteriRIiVE" indicates
"Radio Data link, Tether Antenna" communicatidiRDA" indicates "Radio Data link Airborne Platform! "M"
indicates "MultiplePlatforms" can deploy systemiT" indicates "Teleoperation" mode of operatioril" indicates
there is one independent system performing requireniéhindicates there are four independent systems
performing requirement’6" indicates there are sindependent systems performing requirement
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C. ALTERNATIVE THREE MAPPING

1. Alternative Three Components Mapped to Functions

Table 54 summarizes the how each component addresses the functions explored in this
report gearch, detect, identify, engage, and communjicdtable54 alsoshows the breakd of
tasking that is performed by human operators, the MCM ship, an8Rb®Sfor Alternative
Three
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Table54.

Alternative Thred-unctions Allocated to System Components

Thistabledepictsfunctions allocated to the Advanced MCM system for Alternative. Two

Propulsion
System

Local launches
vehicle from boat

Communication.

Local MCM

VHF/UHF Radio

Magnetic Sensor
Sys

Sonar Sensor Sy

Pwr Sys

Interface Box

Vehicle Operator
Commands Vehiclg
to turnon sensors

System Vehicle Operator
Loads Current GPS Radio
Communication Operator Position into MCM
Monitors and acknowledge| Ship Communication Vehicle Control Panel/Display
status System
Distribution Leader t
System communicates
y status back to Hos SINCGARSJTRS
Platform that there
in the AO.
Optical Sensor Control Panel/Display
Local MCM

VHF/UHF Radio
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Local MCM

Rate avro Control Panel/Display
9y Vehicle Operator
drives vehicle
along program patt .
c ation O t Compass while monitoring VHF/UHF Radio
tat 9 System Propulsion LO Vehicle Ranging
status System Equipment
Power MCM Team
Distribution Leader informs
System Host Platform of
DVL Status
UUV Recorder
UUV Interface
Box
UUV Rate Gyro
& Compass
UUV DVL
UUV Depth
Presser/Temp
Sensor
Communication Operator MCM Team

Monitors and acknowledge

Ship Communication

Leader informs

Radio Comms,

System Host Platform of | SINCGARSJTRS
status
Status
Optical Sensor Local MCM VHF/UHF Radio

Magnetic Sensol
Sys

Vehicle Operator
Commands Vehiclg

Sonar Sensor Sy,

to turn off sensors

Control Panel/Display
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MCM Team
Leader

Distbut communicates | qiNCGARSITRS
IZ;Is;t:rlr?n status back to Hos|
Platform that there
in the AO.
HP MCM Recorder Obtical Sensor
Play Back P
Local MCM

HP Video Encoder

Magnetic Sensor

4 MA Analyze Data and
determine contacts with

locations

Tactical Oversight Monitors

HP Video Encoder

HP MCM Server

HP MCM Switch

MA

Sys Operators Retrieve
4 MA Analyze Data HP MCM Server Recording recordgd data from
TacticalOversight Monitors| HP MCM Switch System vehicle and
VA transport it back to
. the MCM host Plat
Computer/Display s s s form
Tactical Oversight onar Sensor sy
Computer/Display
HP MCM Recorder
Play Back

Computer/Display
Tactical Oversight
Computer/Display
4 MA Analyze Data and | HP MCM Recorder
. Pressure Senso
monitor and corrects Play Back
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Tactical Oversight Monitor§ HP MCM Server DVL
. Temperature
HP MCM Switch Sensor
MA
Computer/Display Recorder
Tactical Ove_r3|ght Interface Box
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2. Alternative Three Components MappedRequirements

Table55 depicts the AternativeThreecomponents mappeo high level system requirements.
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Table55. Alternative ThreeSystem Components MappedRequirements

Table listsSystem Requirements allocated to system components

MCM Advanced System
UUV System OTH Host Platform MCM Local
Comm. System Operator
System
System % IS
Requirements o | & 3 = %
vs. System El £ | & £ 3 ~ = | @
21 3 2 < El O o
Components o | 3 c 7 x~ &) Q a =
0| o o] 0l g J 2 Ox 0o | %4 S
5| o L =3 B I | S@ S |9 <
8 c 2l 7| N| O o > > S
51s |2 |2 . |%5|% E |ER|EQ | EN 3
2| 2 = 2l o| 5| C S co|loo2|89 5
S| A S g =] 5| E>XEE|EE |59 &
T | = o S| 5| o | 35 S| 85 8w | 85 5§
z| =250 ala | 2| E azlogad|ag=
21343 |3/3|3|5 23/ 25/ 35|33 g
>D| D@ D OO | D0 Ix|ITO|Ia | I4g
REQ 1.0:
Clandestine X RDT | X | X | X RD M RD 1 1
Operations
REQ 2.0:
Precise 1 I RDT | X 1
Navigation
REQ 3.0:
Autonomous |, | ol T T T | T | RD RD | 1 1
Operational
Modes
REQ 4.0: 4
Processing 1 1 1 1 PMA 1
Capabilities
REQ'5.0: MCM 1 | RDT RD RD | 1 1
Communication
RIE 210, 1] 1 |RDT|X| X 1
Endurance
REQ 7.0:
Operational X X X X[ X | X 1
Environment
REQ 8.0:
Deployment 1 1 |[RDT | X | X | X M X 1
Distance
REQ 9.0:
Detect and 1 5 1
Classify Mines PMA

Note: "X" indicates the component affects solving the requirement regardless of altern&RZEl" indicates
"Radio Data link, Tether Antenn@bmmunication "RDA" indicates "Radio Data link Airborne Platform” "M"
indicates "Multiple Platforms" can deploy systeR/T" indicates system is a hybrid of Remote Control/Tele
operated "1" indicates there is one independent system performingreegent "4 PMA" indicates there are four
independent systems and personal performing post mission andly$tJA" indicates there are five independent
systems and personal performing post mission analysis
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APPENDIX F: MODELING EFFORTS

A. INITIAL MODELING EFFORTS

A BOE model was created in Excel as an experiment to determindatti@g point for
the ExtendSIMmodel that would be used for simulatioithe intention of the initial modeling
was to testhe methods used on the alternative architestand to use information based on an
existing system to develop a baseline for compariddre MK18UUV was used as the baseline
system sincgerformance informatiomas availabldrom the CRD and from results of testing
performed by JHUPMS 408, 2011; Pollitt, 2011)The initial parameters used for the MK18
UUV BOE model are found imable 56.

Table 56. BOE Initial Parameters and Results

This is a list of the parameters used in the BOE model when using thEB\l¢{stem

Parameter Value
Forward speed 1.5 meters/second or 1.64 yards/second
Probability of detection andassification 0.75
(PdPC)
Probability of identification (P 0.8
False Alarm Rate (FAR) 0.15
Distance between objects in BOE 280 meters
BOE minefield area 500 meters by 500 meters
Track width 4 meters
Number of tracks 125
Total distance traveleduring BOE 63000 meters
Number of bottom mines 105
Number of moored mines 45
Number of normines 75
Time to complete one pass 42000 s or 11.66666667 hours
Percentage of mines not detected 38%
Average Coverage Rate (ACR) 0.0062481.m?/hr

Themain purpose of the BO&asto verify the initial ExtendSIM simulation results, and
verify the methodsvere consistent. The creation of the BOE and ExtendSIM models were
performed, before the architectures were defineagnisure a quick transition intbodelingthe
final alternatives.One assumption made for the M8 model includethatthe vehicle does not
stop or loiter over mines during the seardihe model also assumduiat the system will follow
a grid patternbutthe turn radiugor the vehickis not being included.

Each track of the sech pattern was decided to be foueters in the BOEThis pattern
was influenced by @resentation by George PollPollitt, 2011) The back of the envelope
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model had thenines evenly distributed along the patimd the oder of the mines and objects
wererandomly selected. The BOE also used an area of 500 by 500 meters as opposed to the 500
by 500 yards to simplify the initial mathl'he distribution of the mines and thize of the field

were modified for the ExtendSIkhodel to be consistent with the DRM.

Minefield 1 was created using a uniform random distribution to determine the location of
both the bottom and moored mines and-none objects and can be seen Fgure97. A
uniform distribution was chosen with the assumptions that over time some mines may move
based on currents and other factoilso, the threé analysis showed that if the mines were
delivered by aircraftthe minefield pattern would be randomth a uniform distribution In
RUGHU WR KDYH WKH 3PRVW UDQGRP" PLQHILHOG D XQLIRUP
describes a sea flowith a VORSH R xcél filaMiciddel a measurement in yards of the
distance from the surface of the water to the sea floor. This distaasiesed to determine the
distance from the mine hunting system to the bottom mines emmnos objects. To further
develop the model, moored mines shoeléntually include a measurement for length of tether
to determine their exatitreedimensional position in the minefield.
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Figure97. Minefield 1

The figure is a twalimensionabraphical representation of Minefield 1 used for the simulations. The locations of
objects on the map are to scale; however, the sizes are not. The stars represent 105 bottom mines, the circles
represent 45 moored mines and the triangles represent #hinerobjects.
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Minefield 2 was produced as perimeter blockm@efield and with mineglaced in lines to
simulate a individual vehicledropping mines during a short period of tinfide arrangement of
mines in Minefield 2 is shown iRigure98. This minefield has 100 fewer mines than Minefield

1. The noAamine objects are the same as those used in Minefield 1 to simulate the same VSW
area being cleared
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Figure98. Minefield 2

The figure is a twalimensional graphical representation of Minefield 2 used for the simulations. The lscdtion
objects on the map are to scale; however, the sizes are not. fBhegtasent 40 bottom mines, the circles
represent 10 moored mines and the triangles represent #&inerobjects

The input databases for the first ExtendSIM model held the creation time, the minimum
distance the systemasfrom the mine, and the prohbiéity of detection for each of the mines and
non-mine objects.
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Figure99. MK -18 ExtendSIM Model

The figure is a screen shot of the MK18 UUV version of the ExtendSIM model used for simulation.
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A screen shot for the original MK8 model can be seen The model
handed all the targets in a similar method. The target, whethert@enbotine, moored mine, or
norrmine object, was created and assigned a delay. This delay represents the time the system
would take tointercept the target. For the MK18 model it was assumed the system would
SHUIRUP WKH VDPH 3PRZ W KrhbdéddDiV té badh \bf el dh@lope/madelV
Based on a 1.5 meters/second ,rtte times and distances were calculateBxoel and entered
LOQWR WKH PRGHOYVY GDWDEDVH 7KH WDUJHW ZDV WKHQ VI
probability of detectin and classification (P;) from the database, and uses a uniform
distributed random value to determine if the object was detected ol hetequation waased
to control the value of the probability of detection for each target.

The model was intenddd be able to handle various factors such as bottom mine burial,
or target compositionfactors whichwould directly affect the probability of detection of the
sensors.For much of the original model testing a probability of 0.75 was usedyRr Fhat
model assumes & if a moored mine is detecteddentification as a moored mine is certain.
However, the nomines and the bottom mines would have ground clutter to interfere with
detection. A probability of 0.8 was included as the probability of cordentification (R) to
allow the possibility that the sdbor-located target may not be identified correctliyhe values
for PsP. and Ry were taken from the MKL8 CRD as threshold requirement values for future
system performang®MS 408, 2011)

If the target was identified as a mjnewas passed to a neutralizatisabroutine The
neutralization was produced assuming there were three chances to neutralize theTimisies.
would have allowed the model to handle pgassibility of multiple attempts to neutralize the
mine. The probability of neutralization (Pat each attempt was 0.3his was selected since the
MK18 UUV did not have any neutralization capability and was mainly done as a proof of
concept for the maal, and the valuesf P, and the numbers of chances westected by the
group. In the autralization object a delay was added assuming the MIK18 would finish the
entire minefield before neutralization would occurhe delay was equal to the time k18
UUV was calculated to transit the entire minefield. This assumes the theoretical neutralization
system moves at the same speed as the MK18, and follows the same pattAfter further
research this portion of the model was removed when the neati@ath function was removed
from the bounded system.

The intention of modeling the MK18UV was not to create a highly accurate model of

the MK18UUV system, but as a test for the concepts of programming the model and to use as a
baseline for comparisoriJsing the MK18UUV model, 1000 iterations were performed.
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For Minefield 1 the results showed on average, 43.73% of the mines remained in the area
after one pass. The standard deviation of this percentage is 0.040. The average time te comple
one pass of search and neutralization was 79833 seconds with a standard deviation of 364
secondsor approximately 22 hours. The AGRas calculatedt 0.002748.m%hr.

For Minefield 2 the average results showed 45.11% of mines remaining in theftarea
one pass, with a standard deviation of 0.070. The average time to tmam@Eepass of search
and neutralization was 79260 seconds, with a standard deviation of 270 seEbadsCRwas
calculatedat 0.002768n.m?/hr. Since the pattern of the sefa did not change between both
minefields the completion times are similar.

The performance of the model wasmparedto the values determined for the MK18
UUV during testing performed by Johns Hopkins University (JH8)0.25 knf/hr (Pollitt,
2011) Converting the JHU value into English units, the valuapigroximately 0.0726.m?Z/hr.
Even though there were activities included in our definition of the ACR that were not considered
in the JHU definition, the difference skied that the track width used in the model was too small
and caused the ACR to be excessively low. When the track width was increased to 40 yards the
ACR was calculated a8.0506n.m?hr. This track width was used for the remainder of the
modeling.

This initial work provided the framework for the folle@n modeling. The models were

modified and showed where some of our assumptions needed to be updated. However the
lessons learned in this initial modeling were useful to develop the final models used

321



B. MODELING R ESULTS

For each minefield, 1000 runs of the ExtendSIM model were performed on each
architecture.displays that forAlternative One there is not a large difference in the
ACR or the undetected mines metrics between Minefield 1 and Minefield 2. Since Alternative
One has such a short time to detect and classify, this permits the ACRs to be similar. The
histograms indiate that the data follows a normal distributi shows the values
calculated based on the results of the simulations for Architecture Oms.table showshe
mean ACR for Minefield was 0.0144 n.nf/hr with a standard deviation of 7.4385. For
Minefield 2 the mean ACR wa3.014333n.mZhr with a standard deviation of 7.395. The
mean value for undetected mines in Minefield 1 @dswith a standardeviation of 0.024. For
Minefield 2 he mean value for undetected mines @dswith a standard deviation of 0.043.

Table57. Results from Architecture One

This table provides the values for the box plots for Architectureaddehe standard deviation calculated based on
1000 runs of the model.

Undetected Undetected
Minefield 1 ACR Mines Minefield 2 ACR Mines
Min 0.014173 0.04 Min 0.01404 0
25th percentile 0.014369] 0.086667| | 25th percentile 0.014283 0.06
Median 0.014419 0.1 Median 0.014334 0.1
75th percentile 0.014473 0.12 75th percentile 0.014386 0.12
Max 0.014639] 0.186667 Max 0.014554 0.28
Mean 0.0144 0.1 Mean 0.014333 0.1
Standard deviation 7.43E05 0.024 Standard deviation| 7.39E05 0.043
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Figure100. ModelingResults forAlternative One

This figure is a quad chart showing the results of the modeling for Architecture One. Displayed are the distributionsto€shef ACR and for Undetected
Mines, in bothbox chart form and histogram fornThe error bars on the box plots show the minimum and the maximum values calculated; the boxes themselves
cover the 28 percentile to the 75percentile. Where the boxes change color shows the median value of the data.
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shows that for Alternative Two the ACR for Minefield 2 is significantly
higher than in Minefield 1. This is due to the wide differencabentime to detect and classify.
Minefield 2 has far fewer mines to observe which would allow the vehicle a faster search time,
resulting in a higher ACR. There is no significant difference in the number of mines left
undetected between the minefielshows the values calculated based on the results of
the simulations for Architecture Two.

Table58. Results from Architecture Two

This table provides the values for the box plots for Architectuve and the standard deviation calculated based on
1000 runs of the model.

Undetected Undetected
Minefield 1 ACR Mines Minefield 2 ACR Mines
Min 0.00289 0.113 Min 0.00502 0.04
25thpercentile 0.00318 0.18 25th percentile 0.00564 0.16
Median 0.00326 0.2 Median 0.00580 0.2
75th percentile 0.00333 0.227 75th percentile 0.00599 0.24
Max 0.00358 0.313 Max 0.00677 0.38
Mean 0.00325 0.2 Mean 0.00581 0.2
Standard deviatiorj 0.00011 0.0332 Standard deviation  0.00025 0.055
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Figurel01 ModelingResultsfor Alternative Two

This figure is a quad chart showing the results of the modeling for Alternative Two. Displayed are the distributiometfahef ACR and for Undetected
Mines, in both box chart form and histogram fofithe error bars on the box plots show the minimum and the maximum values calculated; the boxes themselves
cover the 28 percentile to the 75percentile. Where the boxebange color shows the median value of the data.
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Figure 102

shows similar results

tEigure 101

for Alternative Threein that the ACR is

controlled by the amount of time it takes detect and classify the ming3.able 59 shows the
values calculated based on the results of the simulations for Architectuse Thre

Table59.

Results from Architecture Three

This table provides the values for the box plots for Architectineeand the standard deviation calculated based
on 1000 runs of the model.

Undetected Undetected
Minefield 1 ACR Mines Minefield 2 ACR Mines
Min 0.00246 0.133 Min 0.00372 0.06
25th percentle 0.00262 0.193 25th percenile 0.00413 0.195
Median 0.00267 0.213 Median 0.00422 0.24
75th percenile 0.00273 0.24 75th percenile 0.00431 0.26
Max 0.00291 0.327 max 0.00466 0.44
Mean 0.00267 0.215 Mean 0.00422 0.231
Standarddewviation 7.53E05 0.0321 Standarddeviation | 0.000133 0.0559
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Figurel02 Modeling Results foAlternative Three

This figure is a quadhart showing the results of the modeling for Alternative Three. Displayed are the distributions of the metrics of ACR atetécted
Mines, in both box chart form and histogram forithe error bars on the box plots show the minimum and the maxiralwasv/calculated; the boxes themselves
cover the 2% percentile to the 75percentile. Where the boxes change color shows the median value of the data.
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After the initial results were reviewed, the effect that ordered speed of the vehicle had on
the ACRwas explored and evaluated to determine if it was possible to significantly raise the
ACR by increasing vehicle speed. The effect of vehicle speed verses sensor performance was
unknown, and it was assumed that there would be no degradation in sensongreréoat the
increased travel speed. Because the main portion of the modeling concerned a vehicle traveling
at 1.64 y/s, with a 2.5 knot current, a baseline simulation was performed to judge how the vehicle
traveling at 1.64 y/s with no current would feem. Once complete, the current was returned to
WKH VDPH YDOXH DQG GLUHFWLRQ WKH EDVH PRGHO XVHG
ordered speed was increased from 1.64 y/s,which is 2.9122 knots, to 3 knots. The simulation
was also perfornteat speeds of 4 knots, 5 knots and 6 knots.

|Figure103|Figure104 andFigure10§show the results of increasing the search speed on
the alternative architectureg-igure 103shows for Alternative One, the number of undetected
mines are not affected by the search speed; however, the ACR at 3 knots is lower than the higher
speed values. The resultsosy if the ordered speed is too close to the speed of the current, the
ACR suffers. They also show that once the problem of the current is overcome by increasing
speed, the amount of time to perform the detect and classify functions starts to override any
improvement caused by an increase in speed.

showsthe ordered speed does not have any significant affect on thef&CR
Alternative Two This is probably due to the large detect and classify tilneias concluded it
did not matter how fast or slow the vehicle moviairough the minefieldand speeddoesnot
change the ACRIn general, to improve the AC&reduction in the time to deteamd classifys
required

Figure 105showsthere is a slight improvement as speed goefouplternative Three
Since Alternative 7KUHH {V Yeedodgd-dad lthé data must be downloaded before PMA is

started, the amount of time to get through the minefield has an increased influence.
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Figurel03  Speed Sensitivitfor Alternative One

This figure shows the regalfrom the sensitivity modeling for Architectu@e The error bars on the box plots show the minimum and the maximum values
calculated; the boxes themselves cover tHe2Bcentile to the 75percentile. Where the boxes change color shows the medliae of the data.
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Figurel04.  Speed Sensitivitfor Alternative Two

This figure shows the results from the sensitivity modeling for Alternative. Tvin@ error bars on the box plots show the minimum and the maximum values
calculated; the boxes themselves cover tHe@Bcentile to the 75percentile. Where the boxes change color shows the median value of the data.
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Figurel05  Speed Sensitivitjor Alternative Three

This figure shows the results from the sensitivity modeling for Alterndtivee The error bars on the box plots show the minimum and the maximum values
calculated; the boxes themselves cover tHe@5centile to the 75percentile. Where the boxes change color shows the median value of the data.
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The sensitiity analysis was continued by reviewing the affect the time to detect and
classify had on the ACR. As can be seen with the analysis perforntled ordered speed of the
vehicle the time to detect and classify had the most significant effect on the ACR. This analysis
was performed by selecting 3 mean times and 3 standard deviations to use in combination. The
first mean time that was selected wiase used for Alternative One, which was 60 s. This time
was then doubled resulting in the second time of 120 s, which was doubled to give the final time
of 240 s. This process was repeated for the standard deviations. The standard deviations were
seleted as 20 s, 40 s, and 80 s. This resulted in 9 combinations for each alternative which
produced a total of 27 combinations. 1000 simulation runs were performed for each
combination. The results for Alternative One can be san increase in the standard
deviation causes the box plot of the ACR to become wider. This means that if two alternatives
are close in the mean time to detect and classify, thetdeviess chance the two alternatives
would be statistically different. The results also show that as the mean time is doubled, the ACR
is reduced by less than half the value. As the mean time to detect and classify gets larger the
affect approaches halfThis is due to the models keeping the time to navigate the minefield
constant in this analysis. As the time to detect and classify increases the affect of the time to
navigate becomes less significant.
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Figurel06. Alternative One: Time to Detect and Classify Sensitivity

This figure shows the results from performing a sensitivity analysis of the time to detect and diasséfgror bars
on the box plots show the minimum and the maximum values calculated; the boxes thenmadvehe 28
percentile to the 75percentile. Where the boxes change color shows the median value of the data.

The results for Alternative Two and Three showed the models behaved in a similar
fashion. The results for Alternative Two can be seefFigure 107 and the results for

Alternative Three can be seer[ﬁ'rgurelOS
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Figurel07. Alternative Two: Time to Detect and Classify Sensitivity
This figure shows the results from performing a sensitivity analysis of the time to detetassify The error bars

on the box plots show the minimum and the maximum values calculated; the boxes themselves cdler the 25
percentile to the 75percentile. Where the boxes change color shows the median value of the data.
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Figurel08 Alternative Three: Time to Detect and Classify Sensitivity
This figure shows the results from performing a sensitivity analysis of the time to detect and. cldssiéyror bars

on the box plots show the minimum and the maximum valaksilated; the boxes themselves cover tH 25
percentile to the 75percentile. Where the boxes change color shows the median value of the data.
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In order to see how each of the alternatives compared to each other, the results were also
graphed at each mean time to detect and clas#ifwas discovered that with a mean of 60 s
with a standard deviation of ) the ACR for allalternatives wastatistically different. As
either the standard deviation or the mean time was increased, the ACR for Alternative One and
Alternative Two became statistically similar using the same mean and standard deviation. For
all combinations of means and standdediations, Alternative Three had a lower A
shows the results for the mean time set at 60 s. This shows that only at the 20 s standard
deviation Altenative One and Two are significantly different. As the standard deviation
increases this significance is reduced

Figurel09. 60 s Mean Time to Detect and Classify sensitivity
This figure shows the performance of the alternatiwben the mean time to detect and classify is set to 60 seconds.

The error bars on the box plots show the minimum and the maximum values calculated; the boxes themselves cover
the 25" percentile to the 75percentile. Where the boxes change color shthe median value of the data.
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continues to show that as the mean time is increased to 120 s, Alternative One
and Two are almost identical. This trend can also be sgigure 111ifor the 240 s mean time.
This trend can be explained because the functions of detect and classify are performed during the
mission rather than after the system is recovered. If the mean times wereaidbeti the ACR
would become identical; however, the effects of communicating with the SPUDS over the
horizon would increase. The reason Alternative Three has a lower ACR is due to the need for
the vehicle to be recovered before the data can be analyzed.

Figurel1l0. 120 s Mean Time to Detect and Classify sensitivity

This figure shows the performance of the alternatives when the mean tidetetd and classify is set to 2
seconds. The error bars on the box plots show théimum and the maximum values calculated; the boxes
themselves cover the 2percentile to the 75percentile. Where the boxes change color shows the median value of
the data.
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Figurelll 240 s Mean Time to Detect and Clagsénsitivity

This figure shows the performance of the alternatives when the mean time to detect and classify 2Gset to
seconds. The error bars on the box plots show the minimum and the maximum values calculated; the boxes
themselves cover the 2percentile to the 78 percentile. Where the boxes change color shows the median value of
the data.
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APPENDIX G: ALTERNATIVE COST B REAKDOWNS

A. ALTERNATIVE ONE COST BREAKDOWN STRUCTURE
Figure112illustrates the cost breakda structureor the R&D phase showat the 3'level for AlternativeOne.

Figurell2  Alternative OneR&D PhaseCost Breakdown Structure

CBS for MCM AlternativeOne. Costs (shown in $K) for R&phaseare broken down to thtird level and totaled for respective fiscal years and overall phase
of the program. Likewise, total cost for each phagwovided
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Figure113illustrates the codtreakdown structure for the Acquisition/Production/Construction phase shown &tiévelor
Alternative One.

Figurell3 Alternative One Acquisition/Production/Camgction Cost Breakdown

CBS for MCM Alternative One. Costshown in $K) for Acquisition/Production/Construction are broken down to the third level and totaled for respective fiscal
years and overall phase of the program. Likewise, total cost for eachippaseided.

341



Figure114illustrates the cost breakdown structure for the Operating & Support and Disposal phases showhlev¢héo8
Alternative One.

Figurell4  Alternative One O&S and Dmosal PhaseSost Breakdown Structure

CBS for MCM Alternative One. Costs (shown in $K) for O&S and Disposal phases are broken down to the third level affior iatapesttive fiscal years and
overall phase of the program. Likewise, total cost for @édelsds provided.
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B. ALTERNATIVE TWO COST BREAKDOWN STRUCTURE
Figure115jillustrates the cost breakdown structure for the R&D phase shown &t iineeBfor Alternative Two.

Figurell5  Alternative TWoR&D PhaseCost Breakdown Structer

CBS for MCM Alternative Two. Costs (shown in $K) for R&D phase are broken down to the third level and totaled for refigpeadtivears and overall phase
of the program. Likewise, total cost for each phagwovided.

343



Figure116illustrates the cost breakdown structure for the Acquisition/Production/Construction phase showff Evilef@
Alternative Two.

Figurell6.  Alternative Two Acquisition/Praluction/ConstructioiCost Breakdown

CBS for MCM AlternativeTwo. Costs (shown in $K) for Acquisition/Production/Construction are broken down to the third level and totaled for respective
fiscal years and overall phase of the prograrnkeWise, total cost for each phaseprovided.
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Figure11illustrates the cost breakdown structure for the Operating & Support and Disposal phases showhlaveéhéo
Alternative Two.

Figurell7. Alternative Two O&S and Dispos&hase Cost Breakdown Structure

CBS for MCM AlternativeTwo. Costs (shown in $K) for Acquisition/Production/Construction are broken down to the third level and totaled for respective
fiscal years and overall phase of the program. Likewise, total cost for eachippesgaded.
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C. ALTERNATIVE THREE COST BREAKDOWN STRUCTURE
Figure118illustrates the cost breakdown structure for the R&D phase shown &t lineeBfor AlternativeThree

Figure118 Alternative ThreeR&D PhaseCost Breakdown Staiure

CBS for MCM AlternativeThree Costs (shown in $K) for R&D phase are broken down to the third level and totaled for respective fiscal years and overall
phase of the program. Likewise, total cost for each plgs®vided.

346



Figure11illustrates the cost breakdown structure for the Acquisition/Production/Construction phase showff Evilef@
AlternativeThree

Figurel19  Alternative ThreeAcquisition/Production/ConstructioBreakdown

CBS for MCM AlternativeThree Costs (shown in $K) for Acquisition/Production/Construction are broken down to the third level and totaled for respective
fiscal years and overall phase of the program. Likewise, total cost for eachippesgaded.
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Figure120illustrates the cost breakdown structure for the Operating & Support and Disposal phases showhlev¢héo8
AlternativeThree

Figure120. Alternative ThreeO&S and Disposal Phas€ost Breakdown

CBS for MCM AlternativeThree Costs (shown in $K) for O&S and Disposal phases are broken down to the third level and totaled for respective fiscal years
and overall phase of the program. Likewise, total costdoh phases provided.
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APPENDIX H: DEFINITIONS

Table60|providesfurther explanation forerms used throughout the report

Table60. Definitions List

Table lists key terms that require definition to assist in the undenstand

Advance Task Force

A temporary organization which precedes the main body
the objective area, for preparing the objective for the ma
assault by conducting such operations as reconnaissan(
seizure of supporting positions, mine countermeasures,
preliminary bombardment, underwater demolitions, and
support.

Amphibious Assault

Amphibious assault is the principal type of amphibious
operation that involves establishing a force on a hostile
potentially hostile shoreOnly amphibious assaultuolves
the permanence of establishing a LF ashditee special
measures required for a rapid build of combat power
ashore, from an initial zero capability, creates organizati
and technical differences between amphibious operatior
and land warfare

Amphibious Force

An amphibious force is a naval force and Landing Force
together with supporting forces that are trained, organize
and equipped for amphibious operatioirs naval usage, it
is the administrative type command of a fleet (i.e., natior
amphibious capability

Amphibious Task Force
(ATF)

An ATF is the task organization formed for the purpose
conducting an amphibious operation ATF always
includes navy forces and a Landing Force (LF), with the
organic aviation and supporting fex

Area Coverage Rate

Area of concern searched by a single vehicle divided by
time to achieve 100% coverage of the objective area by
search sensor suitd.his parameter applies to open water
areas in noitomplex environments where the system ca
operate in parallel tracks at optimum speed for sensors

employed, unencumbered by obstacles (e.g. piers, piling
other maAmade structures, complex bottom typss,). In

the diverse configurations and environments characteris
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of coastal areas (e.g. pier/berthing areas, etc.), irregular
search patterns and tactics may be required to achieve
and Pi performance against characteristic threat objects
Charaterization of ACR for different environments is
desirable; however these are performance measures for
tactical employment of the system. ACR may require
tradeoff in the more complex environments and confinec
areas; hence, a system level threshold valuA€R for all
possible environments is not appropriate.

Area Of Operation

An operational area defined by the joint force commands
for land and maritime forces that should be large enougk
accomplish their missions and protect their forces.

Biomimetic Sonar

It is adaptive mobile sonar normally located on a robot a
that moves in response to the echo time of flights to pos
an object along the transmitter axis at a known range an
elevation to maximize the incident acoustic energy. The
system employs &arning stage followed by a recognitior
stage.

Boat lane

A lane for amphibious assault landing craft, which exten
seaward from the landing beaches to the line of departu
The width of a boat lane is determined by the length of t
corresponding beh. The current typical length is from
2000 to 2700 yards. The width is 500 yards.

Clandestine Operations

It is an intelligence or military operation carried out in su
a way that the operation goes unnoticed.

A term used to indicate the MCihicle has classified the
mine contact as a bottom mine, moored mine, or drifting

Classify mine. The detected contact is further investigated, usua
with a higher resolution sonar, and classified as a (Mine
Like Contact) MILC or (None Mine Object) NOMBO
A term used to indicate the Mine Counter Measure Vehi
Deted detects a mindéike object. The object may or may not be

mine.

False Alarm Rate

The False alarm rate is the number of times the MCM
vehicle incorrectly detects and classifies a "Nvime-Like
Object”. Itis defined by: (Number of NeMine-like
objects detected /Number on Rorine-like opportunities) X
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(Number of noaminelike objects incorrectly
classified/number of neminelike objects detected)

Fully Autonomous

This is a mode of operatiaf an unmanned system (UMS
wherein the UMS is expected to accomplish its mission,
within a defined scope, without human intervention. Not
that a team of UMSs may be fully autonomous while the
individual team members may not be due to the needs t
coordnate during the execution of team missions.

Humanrobot interactions are the human robot interfaces

HRI . :
and interactions.
Identify is a term used to indicate the MCM vehicle
identifies the mindike contact as a mine or not a mine.
Identification should be made using an optical system sg
Identify that a positive ID of the mine can be madéis prevents

expenditure of neutralization efforts and charges on
nonthreatening objectdt also keeps the MCM forces fron
assuming

Landing Force (LF)

A LF is the task organization of ground units assigned tg
amphibious operation, which may include aviation and/g
surface units when assigned to Commander Landing Fo
(CLF).

Line of Sight (LOS)

Refers to electranagnetic radiation or acoustic wave
propagation.Electromagnetic transmission includes light
emissions traveling in a straight linéhe rays or waves
may be diffracted, refracted, reflected, or absorbed by
atmosphere and obstructions with material and generally
cannot travel OTH or behind obstacles.

Littoral Penetration
Points

An LPP is a point within an LPS where the actual transit
from waterborne/oveZ DWHU PRYHPHQW 3|
RYHUODQG 3IHHW GU\" PRYHPHQ

Littoral Penetration Site

An LPS is a continuous segment of coastthmeugh which
landing forces cross by surface or vertical means

Locate

Locate is a term to indicate the MCM vehicle has
determine/processed and stored the location of the ming
mine-like contact to be used for future processing. The
contact positiond refined and plotted as precisely as
possible (specifying navigation sensor, datum, and posit
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in latitude/longitude to a thousandth of a minute) so that
further prosecution can be carried out either immediately
at a later time MCM forces use the WG84 datum as

measured by GPS-¢bde as the standard reference syste

Neutralization

The mine is either rendered inoperative or removed fron
area.

NOMBO

Non-Mine Bottom Object is an object on the bottom of th
water that appearto be a mine. However, it is a Nbfine.

Over-The-Horizon

At is an amphibious operation initiated from beyond visu

(OTH) and radar range of the enemy shore.
Reacquire is the act of a MCM vehicle finding a mine ag
Reacquire after it has gone ofbtperform another mission such as

search.

Remote Control

A mode of operation of a Unmanned system (UMS) whe
the human operator, without benefit of video or other
sensory feedback, directly controls the actuators of the |
on a continuous basis, frooff the vehicle and via a
tethered or radio linked control device using visual-tifie
sight cues.In this mode, the UMS takes no initiative and
relies on continuous or nearly continuous input from the
user.

Sea State

It is the general condition of theeke surface on a large boc
of water with respect to wind waves and swellssea state
is characterized by statistics, including the wave height,
period, and power spectrum.

SemiAutonomous

A mode of operation ofraUnmanned system (UMS)
wherein the humn operator and/or the UMS plan(s) and
conduct(s) a missiothatrequires various levels of human
robot interaction (HRI).

Supervisor

A supervisor is an agent that has supervisory control ov¢
subordinate agent(s); it will intermittently reprogram its
subordinates, using information that it has gathered from
environment or taken from the subordinate ageAtsfor

all agents, a supervisor can be human or artificial, witho
restriction.

Supervisory Control

The notion of supervisory control is adléws: supervisory
control is where one or more operators are intermittently
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programming and receiving information from an artificial
intelligent agent

Tele-operation

A mode of operation of a Unmanned system (UMS) whe
the human operator, using vidisedback and/or other
sensory feedback, either directly controls the actuators ¢
assigns incremental goals, waypoints in mobility situatio
on a continuous basis, from off the vehicle and via a
tethered or radio linked control device. In this mode, the
UMS may take limited initiative in reaching the assigned
incremental goals.

Uxo

Unexploded explosive ordnanegs an explosive ordnance
that has been primed, fused, armed, or otherwise prepa
for action, that has been fired, dropped, launched, proje
or placed in such a manner as to constitute a hazard to
operations, installaths, personnel, or material and remai
unexploded either by malfunction or design or for any ot
cause.Sensowsystems related to these munitions have th
capability to detect, identify, and select specific targets
using infrared, proximity, magnetinfluence, acoustic, ang
seismic technologies which can be encountered on land
sea. Attempts to approach and perform a reedfy
procedure on these munitions may cause detonation of
devices
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LIST OF SYMBOLS, ACR ONYMS, AND ABBREVIATIONS

AAV
ACR
AGS
ALMDS
AMCM
AMNS
AO
ASCM
ASROC
ATF
ATR
AUV
BIT
BOE
BULS
BZ

Cc2

C4l
CAS
CARSTRKGRU
CG

CVv
COBRA
CONOPS
CMCO
CMS
CRD
DESRON
DET
DDG
DRM
DVIS
DTE
EA
EFFBD
EFV

Amphibious Assault Vehicles

Area Coverage Rate

Advanced Gun System

Airborne Laser Mine Detection System
Airborne Mine Counter Measures
Airborne MineNeutralization System
Area of Operation

Anti-Ship Cruise Missile
Anti-Submarine Rocket

Advance Task Force

Automatic Target Recognition
Autonomous Underwater Vehicle

Built in Test

Back-of-the-Envelope

Bottom Unmanned Underwater Vehicle Localization System
Beach Zone

Command and Control

Command, Control, Communications, Computers, and Intelligence

Close Air Support

Carrier Strike Group

Commanding General

Carrier

Coastal Battlefield Reconnaissance and Analysis
Concept of Operations

Countermine CounteDbstacle
Countermine Systems

Consolidated Requirements Document
Destroyer Squadron

Detachment

Destroyer

Design Reference Mission

Diver Visual Information System

Detect to Engage

Electronic Attack

Enhanced Functional Flow Body Diagram
Expeditionary Fighting Vehicle
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EM

EMI
EODMU
EOD
EUNS
FFG
FLS/DLS
FSW
I-IPT
JABS
JDAM
JHSV
KTs
LCAC
LCC
LCM/LCU
LCS
LHA
LIDAR
LPP
LPD
LSD
LST
MCM
MCCDC
MEB
MK
MLP
MMS
MODS
MOE
MTBF
MTTR
NATO
NGFS
NGS
NMMP

Electromagnetic

Electromagnetic Impulse

Explosive Ordnance Disposal Mobil Unit
Explosive Ordinance Disposal
Expeditions Underwater Neutralization System
Fast Frigate

Forward Looking Sonar / Down Looking Sonar
Feet of Sea Water

Interoperability IntegrateBroduct Team
Joint Assault Breaching System

Joint Direct Attack Munition

Joint High Speed Vessel

Knots

Landing Craft Air Cushion

Amphibious Command Ship

Landing Craft Mechnized and Utility
Littoral Combat Ship

Amphibious Assault Ship

Light Detection and Ranging System
Littoral Penetration Point

Amphibious Transport Dock

Landing Ship Dock

Landing Ship Tank

Mine Countemeasures

Marine Corps Combat Dev@ment Command
Marine Expeditionary Brigade

Mark

Mobile Landing Platform

Marine Mammals System

Mine Obstacle Defeat System (MODS)
Measure of Effectiveness

Mean Time Between Failure

Mean Time To Repair

North Atlantic Treaty Organization
Naval Gun Fire System

Naval Gun Support

Navy Marine Mammal Program
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NOMBO
NPS
OAMCM
OASIS
ONR
OTH
PMA
PMS
RAMICS
RPA
RPV
SMCM
SoS

SS

SSC
STIL
STOM
SZ

TA
TASM
TBD
TLAM
TMD
TOC
TPED
UBA
uIS
UMCM
UMS
uuv
uv
UXxo
VSW
VTUAV
WSESRB
WWII
XO

Non-Mine Bottom Objects

Naval Postgraduate School

Organic Airborne Mine Countermeasure
OrganicAirborne and Surface Influence Sweep
Office of Naval Research

Over The Horizon

Post Mission Analysis

Project Management Ship

Rapid Airborne Mine Clearance System
Remote Pilot Aircraft

Remote Pilot Vehicle

Surface Mine Counter Measures
System of Systems

Sea State

Ship to Shore Connector

Streak Tube Imaging Laser

Ship to Objective Movement

Shallow Zone

Target Acquisition

Tomahawk AntiShip Missile

To BeDetermined

Tomahawk Land Attack Missile

Tactical Munition Dispenser

Total Ownership Costs

Tasking, Processing, Exploitation, And Distribution
Underwater Breathing Apparatus
Underwater Imaging System
Underwater Mine Countermeasures
Unmanned system

Unmanned Underwater Vehicle
Underwater Vehicle

Unexploded Ordnance

Very Shallow Water

Vertical Takeoff Unmanned Air Vehicle
Weapon System Explosive Safety Review Board
World War 1l

Executive Officer
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