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Executive Summary

This 2020 edition of the Program Executive Officer Land Systems (PEO LS) Advanced
Technology Investment Plan (ATIP) provides an update of the Top Technical Issues across
the PEO LS Portfolio. Each technical issue has been vetted through the program managers
to ensure an accurate representation of their highest priority technology needs.

This update is consistent with previously published ATIPs and continues to emphasize our
commitment to “Focusing the Future Faster” by leveraging available Science and Technology
(S&T) venues to provide gap closing capabilities to the Warfighter. The process developed is
designed to influence, inform, and align S&T investments and support effective technology
insertion, demonstration, experimentation, and systems fielding efforts across PEO LS.

The 2020 ATIP is intended to be used as an informative resource that highlights the
importance of collaboration and communication across the S&T Enterprise. Our shared
efforts will ultimately result in our Warfighters being equipped with state-of-the-art
technologies to better meet the challenges of the future evolving battlefield.

W%Ymiji\pw\

N M. GARNER
rogram Executive Officer
Land Systems Marine Corps
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Bottom Line Up Front

The PEO LS ATIP employs a focused, repeatable process, which informs all key stakeholders,
industry, and academia of Top Technical Issues within PEO LS programs.

This document is designed to foster collaboration, align S&T investments, and support
effective technology insertion within PEO LS Programs.

The ATIP identifies and prioritizes Top Technical Issues within PEO LS programs, with the
goal of informing, influencing, and aligning S&T investments to resolve program technical
issues and support transition of critical capabilities to the Warfighter. Each technical issue
has been thoroughly vetted through the appropriate S&T representative, lead engineer,
deputy program manager, and program manager to ensure an accurate representation of
each program’s highest priority technology needs.

The ATIP can also be accessed via the Office of the Secretary of Defense’s Defense
Innovation Marketplace website (www.defenseinnovationmarketplace.mil /ATIP.html). This
site is a resource for information about Department of Defense investment priorities and
capability needs.

In an environment of fiscal austerity, changing requirements, and rapid technical
innovation, being engaged and knowing with whom to discuss new ideas is vital to fostering
opportunities across the S&T Enterprise. With your participation, we can maximize
ingenuity in a constrained environment and “Focus the Future Faster” for our warfighters.

As always, we welcome any comments or suggestions to improve the usefulness of this
investment plan. Please forward any suggestions or comments to me at william.story@usmc.
mil.

W. Scott Story 7
Lead, Advanced Technology
Program Executive Office

Land Systems Marine Corps
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Section 1.0

INTRODUCTION

“While we must accept an environment characterized by uncertainty, we
cannot ignore strong signals of change nor be complacent when it comes to
designing and preparing the force for the future."

-General David H. Berger, Commandant of the Marine Corps

In this 11th edition of the PEO LS ATIP, the Top
Technical Issues for each PEO LS program are
identified. The intent of the ATIP is to inform,
influence, and align S&T investments to help
resolve these technical issues, transition
advanced technology, and deliver capability

to the Warfighter. The development of the
ATIP is accomplished by utilizing a repeatable,
concept aligned, capability-based “Concept

to Capability Process” that aligns PEO LS S&T
investments with high priority capability gaps
and top program technology needs (depicted
in figure 2-1). This process is designed to
encourage communication from the early
stages of concept development, throughout the

process, and culminating in delivered capability.

The key to success is stakeholder engagement
within the S&T enterprise, industry, and
academia. By cultivating an understanding of
the ‘realm of the possible, the concepts and
requirements developers are able to articulate
requirements that become the backbone of
program capabilities. These capabilities, clearly
and accurately communicated to the materiel
developer support the development (and
ultimate transition) of critical and affordable
capabilities to the Warfighter.

This year’s ATIP theme is modernizing the
force for the future and aligns with the 38th

Commandant's Planning Guidance which states,

"...we must prioritize research, development,

and fielding of emerging and advanced
technologies that are applicable within the
seaward and landward portions of the littorals.
Technologies such as artificial intelligence,
robotics, additive manufacturing, quantum
computing, and nanotechnology will continue
to change the world - we must be positioned
to capture the return on investment.

Published annually, the PEO LS ATIP is a
catalyst for opening communication and
collaboration between the “3 Circle” partners
(combat developer, materiel developer, and
the S&T developer) and to other Department
of Defense (DoD) and Non-DoD organizations.
The ATIP is developed in collaboration with
the Office of Naval Research (ONR), Defense
Advanced Research Projects Agency (DARPA),
Naval Surface Warfare Centers (NSWC), Naval
Undersea Warfare Centers (NUWC), Naval
Information Warfare Center (NIWC), and other
government agencies. The ATIP is published
as an open-source document to increase the
probability that it is shared and to allow those
outside the DoD to propose solutions that
might otherwise be missed.

In today’s fiscally austere budget environment,
the Marine Corps must continue to find ways
to procure the best equipment for the defense
of our nation. The publication of the PEO LS
ATIP is intended to find ways to enhance our

2020 PEO LS Advanced Technology Investment Plan | 1



Warfighter’s capabilities by:

1.

Identifying and defining the top technical
challenges that must be resolved within
each program, some of which remain
consistent from year to year. These
challenges are vetted and published in

the ATIP to alert and assist industry and
government regarding the S&T needs

of major Acquisition Category (ACAT)
programs within PEO LS.

Resolving capability gaps and technical
issues by identifying and publishing

the technical challenges which require
assistance from the S&T enterprise,
industry, and academia.

Informing, influencing, and aligning S&T
investments by identifying the S&T needs
of PEO LS and supporting the technology
insertion and transition into Program of
Record (POR).

2| 2020 PEO LS Advanced Technology Investment Plan



Section 1.1

PEO LS ORGANIZATION

PEO LS WORKFORCE
MILITARY: 66
CIVILIAN: 363

ASN (RD&A)

Assistant Secretary of the Navy for Research,
Development and Acquisition

Program Executive Officer
Land Systems Marine Corps

Mr. John M. Garner

Deputy PEO / Robert L. Cross
Chief of Staff / Bryan Prosser

PEO LAND SYSTEMS PROGRAM OFFICES

| 155M II MPT
ADVANCED
S

| OPS E ADMIN Il
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AAA
Advanced
Amphibious Assault

AC2SN

Air Command Control
and Sensor Netting

G/ATOR

Ground Air Task
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G/ATOR
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Ground Based
Air Defense

MT TAS
Towed

Motor Transport Artilisy Syitams

A-MANPADS /
Stinger / MRIC

As of Jan 2020

I —
Figure 1.1-1. Program Executive Officer Land Systems Organization

The PEO LS, located at Marine Corps Base
Quantico, Virginia, is the Corps’ only PEO.

PEO LS is led by Senior Executive Service John
M. Garner, and is tasked with meeting the
Warfighter’s needs, while partnering with the
Marine Corps Systems Command (MCSC), who
is responsible for providing support services to
include contracting and technical authorities in
order to develop, deliver, and provide life-cycle
planning for assigned programs. PEO LS reports

directly to the Assistant Secretary of the Navy
for Research, Development and Acquisition.
PEO Land Systems’ concentration of effort

is on resources to balance Marine Corps
modernization and sustainment of assigned
programs. The monetary value of these
programs across the Future Years Defense
Program (FYDP) is approximately $8.5 billion.
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Section 2.0

S&T COLLABORATION AND

ENGAGEMENT

Concept to Capability Process

The PEO LS S&T Concept to Capability Process,
depicted in figure 2-1, provides the PEO LS
with a focused and repeatable process that

has proven essential for facilitating effective
interaction with S&T stakeholders within the
S&T community.

The PEO LS S&T Concept to Capability Process
begins with an in-depth understanding of,

and alignment to, the overarching concepts
identified in Expeditionary Force 21, Marine
Corps Service Strategy, Marine Corps Service

Campaign Plan, and the Commandant’s
Planning Guidance, the capstone concepts for
the future Marine Corps. The next step in the
process entails developing an understanding of
Warfighter concepts and the core capabilities
required to enable those concepts. It is also
critical to develop an understanding of the top-
level strategic and operational service issues
that rely on materiel solutions for resolution,
such as re-honing the expeditionary edge,
reducing the sustainment footprint, fuel saving
across the Marine Air-Ground Task Force
(MAGTF), lightening the MAGTTF load, and
reducing the MAGTTF footprint.

PMs Identify Concepts
Top Program Issues
Power & Energy

Survivability & Mobility

Modeling & Simulation
1. Identify Strategic

Concepts Capabilities

TTA signed by
“3 Circle”
Membership

-FNC

= INP

7. Signad Agreemeant
for Transitioning
Technology

8. Budget for the Technology
Insertion/Active role in POM

PEO LS S&T
Concept to Capability Process

2. Identify and Align
Concept/Core

- SBIR
-JCTD -STTR
-ATOs

6. Matching Gaps in
Technology to Venue/
Resources/$$'s

Program

'- of Record

9. Transition Technology into
Program of Record

*Subject to change with the approval of the Marine Corps Capability Based Assessment

3. Identity and Align
to MGL — determine
all Deltas

4. STO Alignment to
Issues or |dentified
Deltas

Requirements
Technology Matchups

5. Matching Requirements with
Technology or |dentified Deltas

10. Capabillity — Leverage all S&T
Resources to Close Warfighter

Gaps

Figure 2-1. PEO LS S&T Concept to Capability Process
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Once the operational concepts and capabilities
are understood, an analysis is performed by
each of the individual programs to identify the
Marine Corps’ capabilities and technology gaps.
These capabilities and gaps are categorized in
the Marine Corps Capabilities List (MCCL) and
Marine Corps Gap List (MCGL), as well as in the
Marine Corps Solutions Planning Directive
and the Capability Investment Plan.

The S&T Objectives (STOs) are matched to the
technology issue identified by the program
office and the Marine Corps capability gap. This
step is performed to ensure the traceability

of S&T investments as well as enabling
stronger support within the Program Objective
Memorandum (POM) /Planning, Programming,
Budgeting, and Execution process. Once a
matching requirement/S&T initiative capable
of lessening the effect on a Marine Corps gap is
identified, S&T venues are examined to identify
funding for the maturation of the technology.

Before resources are applied, a transition path
must be identified. The Program Manager
(PM) collaborates with the resource sponsor
and the S&T developer to ensure a successful
transition. This ‘shared commitment’ is usually
documented in a Technology Transition
Agreement (TTA) that is signed by all parties.
After the TTA is signed by the appropriate level
of 3 Circle leadership (explained further in the
following sections), the S&T representative
continues to work closely with the PM to
ensure funding support is available (within

the FYDP). POM funding is essential to
integrate and transition the technology to the
appropriate POR and to close the associated
Warfighter gap. Currently, TTAs are only
required for a specific venue, Future Naval
Capability (FNC). All other venues and core
funding initiatives do not require a TTA, but
should have a transition path and an associated
service requirement.

By working through the Concept to Capability

Process, potential S&T opportunities and
solutions are identified, enabling S&T

6| 2020 PEO LS Advanced Technology Investment Plan

representatives to better inform requirements
and to provide the “best value” S&T investment
and transition of gap-closing technologies to a
POR.

S&T investment is one of the earliest steps in
the process of properly equipping the future
force. When applied correctly, it will result

in a well-balanced Marine Corps, postured

for the future with upgrades to their existing
legacy systems, as well as new state-of-the-art
equipment. This is developed through rigorous
analysis, targeted investment, aggressive
experimentation, and most importantly,
through the active collaboration and
engagement of all stakeholders.

S&T Objectives

The most important objective of S&T
development is to ensure the Marine Corps
always has an overmatching technological
advantage. Preserving technological superiority
continues to be at the cornerstone of our
national military strategy and is critically
important as advanced-technology weapons
become less expensive and more readily
available to traditional and non-traditional
adversaries. In addition to preserving our
technological advantage, Marine Corps S&T has
the following specific goals:

» Inform the Marine Corps Combat
Development Process;

» Encourage, promote, plan, initiate, execute,
and coordinate research and technology
development;

» Identify and assess technologies;

» Develop and demonstrate technologies;

» Reduce technical risks;

» Protect against technology surprise;

» Conduct warfighting experimentation; and

» Transition mature technology to acquisition
PORs.



The Executive Agent for
Unites States Marine
Corps (USMC) S&T

The Commanding General (CG), Marine Corps
Combat Development Command (MCCDC)
tasked the Director, Futures Directorate/CG,
Marine Corps Warfighting Lab (MCWL) to act
as the Executive Agent (EA) for S&T, thereby
consolidating responsibility for coordinating
all aspects of Marine Corps S&T requirement
generation through the Marine Corps EA.
Inherent in this transfer of responsibility was
the transfer of staff cognizance to the Office
of Science and Technology Integration (OSTTI)
from MCCDC Headquarters to the Warfighting
Lab. OSTI is responsible for providing policy,
guidance, and strategy in the areas of scientific
innovation, to include co-sponsoring annual
round tables to identify Marine Corps S&T
requirements.

Science and Technology

Within DoD, S&T includes the earliest forms of
Research, Development, Test and Evaluation
(RDT&E) funding in the federal budget.

S&T is composed of three categories: basic
research, applied research, and advanced
technology development. It is the path by
which new ideas are investigated (basic
research-phenomenology), further research
demonstrates military applicability (applied
research-connectivity), and continues
through technology demonstration (advanced
technology development) to a level of maturity
where the technology can be transferred to

a program office for the final stages of the
Research and Development (R&D) process.
Close coordination with the S&T community as
well as other services, academia, and industry
leaders assist Marine Corps efforts to gain
consensus and fund relevant S&T efforts.

The ultimate goal is to investigate, develop,
demonstrate, and deliver affordable state-of-
the-art technologies to the Warfighter.

Collaboration

Each circle within the 3 Circle S&T community
has a unique and pivotal role in the S&T
process. Although they have overlapping
interests and influences regarding the
likelihood of the transition, the collaboration
and engagement of these communities are
critical for successful transitions (see fig. 2-2).

S&T developers transition their technology

to the materiel developers, but the materiel
developers must first have a requirement

from the combat developer. Therefore,
stakeholder involvement is critical to ensure
Warfighter priorities are adequately addressed
(requirements) and that the technologies being
developed are aligned with the POR’s resources
and schedule.

The S&T Community
Stakeholders

The Marine Corps S&T enterprise, which is

an integral part of the larger Naval Research
Enterprise (NRE), is a collaborative effort led
by the Deputy Commandant (DC), Combat
Development & Integration (CD&I). However,
the USMC S&T enterprise also involves the
Futures Directorate, MCWL, ONR, MCSC, PEO
LS, and the EA (CG MCWL) for S&T. This 3
Circle relationship is depicted in figure 2-3.

DC, CD&l

The DC, CD&l is the principal agent in the
combat developer circle. The combat developer
represents the Warfighters who will deploy,
operate, and maintain the systems needed

for military operations. Combat developers
write the requirements that the materiel
developers must have to develop and procure
materiel. Combat developers also generate
new operational concepts, define future
capability needs, identify new capability gaps/
shortfalls, and state capability requirements.
CD&lI receives the Commandant’s guidance,
develops Marine Corps warfighting concepts,
and determines required capabilities to enable

2020 PEO LS Advanced Technology Investment Plan | 7



A Collaborative, Synergistic Partnership

From Concept to Capability
Find the deltas between gaps and Warfighter capabilities
- Gaps in capabilities
- Gaps in investment
= Goal: Use all S&T venues to
leverage resources for
PEO LS programs to close
Warfighter gaps and solve
technology needs

PEO LS
S&T

S&T MATERIEL
DEVELOPER DEVELOPER

CAPABILITY
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> TECHNOLOGY
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Figure 2-3. The 3 Circle S&T Community
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the Marine Corps to field combat-ready and
relevant forces.

» The Director, Capabilities Development
Directorate develops warfighting
capabilities and requirements. The Director,
Capabilities Development Directorate
accomplishes this through the Marine
Corps Capability Based Assessment (CBA)
resulting in the Marine Corps Enterprise
Integration Plan (MCEIP). The MCEIP is
produced annually, approved by the Marine
Requirements Oversight Council (MROC),
and signed by the Assistant Commandant
of the Marine Corps. This critical document
translates strategic guidance into capability
development activities, and provides
investment recommendations to achieve
required capabilities within a fiscally
constrained environment. This is done by
refining and validating the MCCL, which
are prioritized and measured against
MROC approved scenarios, guidance, event
task, condition, and standards. The gaps
in the MCCL are identified and further
prioritized to create the MCGL, which
feeds into the Marine Corps Solutions
Development Directive (MC SDD). MC SDD
provides a solutions analysis, which in turn,
yields solutions that span the Doctrine,
Organization, Training, Material, Leadership
and Education, Personnel, Facilities — Policy
pillars with identified actions, to include
initiatives that implement the solutions.
Formulation of the Enterprise Capabilities
Management Plan, consolidates CBA
analytical results and provides a capability
investment strategy to the enterprise to
guide future Marine Corps capabilities
development.

» The Director, Futures Directorate/CG,
MCWL determines the future Marine Corps
strategic landscape by assessing emerging
security environments and by developing
and evaluating Marine Corps operating
concepts by integrating these concepts
into Naval and Joint concepts. The Futures
Directorate helps to identify potential gaps

and opportunities, which inform the force
development process.

» The Office of S&T Integration is tasked
with implementing the Director, Futures
Directorate/CG, MCWL S&T responsibility
as the Marine Corps Commandant’s EA
for S&T. OSTI coordinates S&T within
the combat development life cycle from
‘requirement to transition. Through
coordination with the 3 Circle S&T
community, OSTI develops the vision,
policies, and strategies needed to
exploit scientific research and technical
development. OSTI provides technical
oversight of proposals submitted to Office
of Secretary of Defense (OSD) and DoD,
while managing /monitoring the daily
operations of the S&T programs under the
OSTI portfolio. Additionally, OSTI develops
and coordinates the prioritization of S&T
requirements for OSD and the Department
of the Navy. OSTI is also tasked with the
development of the United States (US)
Marine Corps S&T Strategic Plan. Within
the US Marine Corps S&T Strategic Plan
are STOs, which are products of the Marine
Corps CBA process and are developed in
coordination with the Marine Corps S&T
enterprise.

MCSC and PEO LS

MCSC and PEO LS are principal agents in

the materiel developer circle. The materiel
developer administers and manages the
activities of the workforce to meet the
modernization requirements and to incorporate
enhanced capabilities into PORs efficiently and
effectively. The materiel developer community
includes the acquisition executives, program
executive officers, program managers, project
officers, and support staffs. In response to a
validated operational requirement from the
combat developer, the materiel developer

is responsible for assessing alternatives,
conducting cost/benefit analysis, establishing
R&D requirements, and procuring and fielding
the required operational capability.

2020 PEO LS Advanced Technology Investment Plan | 9



ONR

The Office of Naval Research is the principal
agent in the S&T developer circle. The S&T
developer delivers technologies that enable
future Warfighters to gain and maintain

their technical edge over our adversaries.

The community consists of scientists,
engineers, and academics who understand the
technological frontier and what developments
are possible for future systems. This group
examines technical possibilities, identifies
scientific gaps, develops S&T requirements,
and executes scientific efforts. The S&T
developer is also responsible for exploring the
phenomenology, feasibility, and utility of S&T
as it pertains to the improvement of legacy
systems, the realization of future capabilities
under development, and the advancement of
discovery in areas yet to be exploited.

ONR identifies S&T solutions to address Navy
and Marine Corps plans and scientific research
as it relates to the maintenance of future naval
power. ONR also manages the Navy’s S&T funds
to foster transition from S&T to higher levels
of RDT&E. The Director, Futures Directorate/
CG, MCWL also serves as the Vice Chief Naval
Research. The below advisors play an integral
role in the ONR effort:

» ONR Global Science Advisors are civilian
scientists, engineers, and technologists
selected to participate in a one- to
three-year career development tour.
Science advisors serve as a Command’s
senior liaison with S&T organizations in
government, academia, and industry. They
communicate needs and requirements
to the ONR and NRE to help shape S&T
investments. They are worldwide in Joint,
Navy, and Marine Corps Commands.
Specifically, each Marine Expeditionary
Force (MEF) has a Science advisor on staff
to assist in providing operational ground
truth for the S&T community.

10| 2020 PEO LS Advanced Technology Investment Plan

Other S&T Stakeholders

» DARPA's singular and enduring mission is to
make pivotal investments in breakthrough
technologies for national security.

The genesis of that mission and of DARPA
itself dates to the launch of Sputnik in

1957, and a commitment by the United
States that, from that time forward, it
would be the initiator and not the victim

of strategic technological surprises.
Working with innovators inside and outside
of government, DARPA has repeatedly
delivered on that mission, transforming
revolutionary concepts and even seeming
impossibilities into practical capabilities.
The ultimate results have included not only
game-changing military capabilities such as
precision weapons and stealth technology,
but also such icons of modern civilian
society such as the Internet, automated
voice recognition and language translation,
and Global Positioning System receivers
small enough to embed in myriad consumer
devices.

DARPA explicitly reaches for
transformational change instead of
incremental advances. But it does not
perform its engineering alchemy in
isolation. It works within an innovation
ecosystem that includes academic,
corporate and governmental partners,
with a constant focus on the nation’s
military services, which work with DARPA
to create new strategic opportunities and
novel tactical options. For decades, this
vibrant, interlocking ecosystem of diverse
collaborators has proven to be a nurturing
environment for the intense creativity that
DARPA is designed to cultivate.

» TARDEC develops, integrates, and sustains
the technology solutions for all manned
and unmanned DoD ground systems
and combat support systems to improve
current force effectiveness and provide
superior capabilities for the future force.
TARDEC leads research in ground systems



survivability, power and mobility, intelligent

ground systems, force protection, and
vehicle electronics architecture. TARDEC
is a partner with industry, academia, and
other government agencies to harness
new technologies for emerging systems,
integrate new energy and propulsion
alternatives, reduce operating and
maintenance costs of fielded systems
and ensure that Soldiers have the best
performing, most reliable, and easiest to
maintain ground vehicles in the world.

» Communities of Interest (COI) cover
17 technical areas that span the cross-
cutting science and technology in the
DoD. The scope of each of these COIs and
their associated technical sub-groups is
available in Reliance 21. The collection of
COls, depicted in figure 2-4, serves as an
enduring structure to integrate technology

efforts throughout the DoD S&T enterprise.

While they cover most of the DoD’s

S&T investment, some service-specific
investments are not included in these
groups. COIs were established in 2009 to
encourage multi-agency coordination and
collaboration in cross-cutting technology

focus areas with broad multiple-component
investment. COls provide a forum for
coordinating S&T strategies across the DoD,
sharing new ideas, technical directions,
technology opportunities, jointly planning
programs, measuring technical progress,
and reporting on the general state of health
of specific technology areas. The COI that
PEO LS is most interested in is the Ground
& Sea Platforms (G&SP). The G&SP COI
provides a forum for discussion of topics
associated with a broad range of platform
technologies for both ground and sea
systems. The portfolio examines concepts
in modularity, survivability and mobility as
the primary emphasis areas. In addition,
examination of required S&T for cost-
effective maintenance and sustainment
efforts for platforms is pursued in the
portfolio. These efforts include:

* Maintainability/Sustainability: S&T
that reduces life-cycle cost, reduces
logistics burden, increases reliability,
and provides timely support of ground
and sea platforms. Areas of research
include structural health monitoring,
sustainment analysis tools, networked

[ COMMUNITIES OF INTEREST (COls) }

G & ( Y ¢ d, Control, )
Advanced Air Biomedical OMMANE, LOMEOS,
Electronics Platforms Autonomy (ASBREM) Comms, (}omputers,

and Intelligence (C41)

% b < < J

Ry B B ~
cmos | cmewo | o | S| s
" iy J A A
LY Vil - -
Materials &
Engineered Resilient Ground & Sea } Human Nt etuing —
Systems Platforms Systems
\ I Processes L "

-

Weapon
Technologies

Figure 2-4. Communities of Interest
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sustainment command and control,
and high-reliability structures and
components.

Modularity: S&T that standardizes

and designs interfaces, subsystems,

and components that allow functional
elements to be used across or

within platforms. Areas of research
include flexible designs for multi-
mission adaptability, interoperable
components and payloads, and platform
infrastructure.

Mobility: S&T focused on improving
the mobility/maneuverability of ground
and sea platform systems across all
operational environments. Areas of
research include sea stability during
intense maneuvering, land stability

in aggressive terrain, high-efficiency
powertrain components, fuel economy,
technologies enabling increased
power generation, and amphibious
maneuvering.

Survivability: S&T that provides
protection to ground and sea platforms
and their occupants, while maintaining
and enhancing the ability to accomplish
the mission through development,
evaluation, integration, maturation, and
testing of technologies integrated into
the platforms. Areas of research focus
on platform-centric approaches to
threat defeat, such as active protection
(hard and soft kill), ballistic protection,
and hazard protection including blast,
shock, and fragmentation hazards and
directed energy weapons.

Autonomy: S&T that enables
autonomous systems to include the
strategic assessment of the challenges,
gaps, and opportunities to the
development and advancement of
autonomous system, and identification
of potential investments to advance

or initiate critical enabling technology
development. The Autonomy COI areas
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of research include Machine Perception,
Reasoning and Intelligence; Human /
Autonomous Systems Interaction

and Collaboration; Scalable Teaming

of Autonomous Systems; and Test,
Evaluation, Validation, and Verification.

* Unmanned Ground and Sea Vehicles:
S&T for maturation and integration of
optionally manned competencies into
ground and sea platforms to enhance
force structure operational capabilities.
Areas of research include conversion
technologies for manned /unmanned
operation and advanced unmanned
vehicle development and integration
concepts.

» Industry: Independent Research and

Development (IR&D) is a program designed
to allow firms to recover some of their
independently funded R&D costs as part of
the general and administrative expenses
charged to existing contracts. These firms
are given the independence to decide which
technologies to pursue with these funds,

as long as these efforts are of potential
interest to DoD. The primary objectives

of the DoD IR&D Program are to ensure
that: (1) industry is aware of DoD’s R&D
activities and technological needs; (2)
industry provides information to DoD about
their IR&D activities; and (3) DoD makes
effective use of IR&D accomplishments

in defense applications. DoD plays an
important role in facilitating the transition
of IR&D accomplishments into applications
that support the Warfighter. Further, it

is DoD’s responsibility to review all IR&D
projects to identify which new products
and services show promise, needing further
development, and which technologies, if
acquired, can provide immediate impact.

» Academia: Educational partnerships

between academia and the S&T community
provide a means for organizations to assist
universities in extending their research
capabilities in areas relevant to the needs
of the Navy/Marine Corps, and they also



provide an opportunity for students to work
on degrees in programs of interest to these
organizations. The benefits are two-fold:
First, the university develops scientific and
engineering expertise applicable to future
needs. Second, students working on Navy/
Marine Corps sponsored research receive
an early exposure to those organizations,
which expands the possible talent pool for
future recruitment.

» Naval Service Warfare Centers, Naval

Undersea Warfare Centers, and Naval
Information Warfare Centers are part of
the Naval Sea Systems Command (NAVSEA)
and Naval Information Warfare Systems
Command (NAVWAR) operated by the
United States Navy. The mission of the
NSWCs is to cohesively and seamlessly
operate the Navy’s full-spectrum research,
development, test and evaluation,
engineering, and fleet support centers for
offensive and defensive systems, which are
associated with surface warfare and related
areas of joint, homeland and national
defense systems from the sea. The Warfare
Centers are the Navy’s principal RDT&E
assessment activity and supply the technical
operations, people, technology, engineering
services and products needed to equip and
support the Fleet and meet the Warfighter’s
needs. They also provide engineering
support to ensure that the systems fielded
today perform consistently and reliably in
the future.

There are a total of 10 NAVSEA Warfare
Center Divisions and two NIWC NAVWAR
Warefare Centers. Section 6 provides a
detailed description regarding each of the
following Warfare Center Divisions:

* Carderock Division of the Naval Surface
Warfare Center, Maryland

e Corona Division of the Naval Surface
Warfare Center, California

e Crane Division of the Naval Surface
Warfare Center, Indiana

 Dabhlgren Division of the Naval Surface
Warfare Center, Virginia

* Indian Head Explosive Ordnance
Disposal Technology Division of the
Naval Surface Warfare Center, Maryland

¢ Panama City Division of the Naval
Surface Warfare Center, Florida

* Port Hueneme Division of the Naval
Surface Warfare Center, California

* Newport Division of the Naval Undersea
Warfare Center, Rhode Island

¢ Naval Information Warfare Center
Atlantic - Expeditionary Warfare
Department

» Defense Laboratory Enterprise (DLE),

which includes the NSWC listed above,

is composed of Army, Navy and Air Force
laboratories that span 22 states, employing
more than 38,000 scientists and engineers
and participates in work exceeding S30B
per year. The enterprise provides world
leading competencies across a broad R&D
portfolio, which includes the development
of unique, often multidisciplinary, scientific
capabilities beyond the scope of academic
and industrial institutions to benefit the
nation’s researchers and national strategic
priorities. The labs also sustain critical
scientific/technical capabilities to which
the government requires assured access.
Additionally, the DLE executes long-term
government scientific and technological
missions, often with complex security,
safety, project management, or other
operational challenges.

» The Joint Non-Lethal Weapons Directorate

was established in 1996 with the
Commandant of the Marine Corps as the
DoD Non-Lethal Weapon (NLW) Executive
Agent. Non-lethal weapons provide
Warfighters with additional escalation-of-
force options while minimizing casualties
and collateral damage. The DoD NLW
Executive Agent has outlined the DoD
NLW Program vision and charged the Joint

2020 PEO LS Advanced Technology Investment Plan | 13



Defense Innovation Marketplace

CONNECTING INDUSTRY AND THE DEP

FORTALS + COMMUNITIES OF INTEREST ~

TECH. INTERCHANGE MEETINGS ~

ARTMENT OF DEFENSE

BUSINESS + INNOVATION « NEWS & EVENTS ~

RELIANCE 21 - DOD COMMUNITIES OF INTEREST

ST ENTERPRISE'

‘BRINGING TOGETHER THI

DOD

Portfolio
~ Reviews —

Figure 2-5. The Defense Innovation Marketplace Homepage

Non-Lethal Weapons Program (JNLWP) to
lead the Joint Force in conducting R&D to
enable “an integrated NLW competency.”
The INLWP S&T Program contributes to the
DoD NLW Program vision by investing in
innovative technology and applied research
to mitigate non-lethal effects capability
gaps and to reduce developmental risk. The
JNLWP S&T Program’s intent is to “foster
the ideation, maturation, and demonstration
of innovative and compelling NLW
technologies for the Joint Force through
focused investment and collaboration
internal and external to the DoD Research
and Engineering (R&E) Enterprise”

Defense Innovation
Marketplace

The Defense Innovation Marketplace (DIM),
homepage depicted in figure 2-5, is a web-
based forum, located at:

www.defenseinnovativemarketplace.mil, and

is designed as a communication resource and
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linkage between DoD S&T/R&D and Industry/
Academia. It provides a centralized resource
for DoD’s Acquisition/S&T professionals on
information regarding industry’s independent
research and development activities. The
DIM’s goal is to be a communications resource
that provides industry with improved insight
into the R&E investment priorities of the DoD.
The Marketplace contains DoD R&E strategic
documents, solicitations, and news or events
to better inform IR&D planning. The IR&D
Secure Portal houses project summaries that
provide DoD with visibility into the IR&D efforts
submitted. As a hub of resources, the DIM
enables interested organizations to become
involved in the R&D enterprise.

How to Get Involved
in the Process

The PEO LS S&T community fosters the
cooperative development of requirements,
informs and influences S&T budgeting
resources, and advances the state of the art for
the PEO LS portfolio.



The first step for a business, academic
institution, or independent researcher to
become involved is a period of investigation and
preparation. Having a thorough understanding
of the S&T challenges facing PEO LS programs
and how your proposed solution can meet
those challenges is vital to participating in S&T
projects. The subsequent sections of the 2020
ATIP provide an outline of technical challenges
facing the PEO LS portfolio. After you have
reviewed the challenges and opportunities for
the PEO LS S&T Portfolio, the S&T Venue List
(Section 9) addresses the methods and venues
for your involvement.
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Section 3.0

FUTURES

“Future force development must also contribute to an integrated operational
architecture and enable information enviroment operations."

-General David H. Berger, Commandant of the Marine Corps

Introduction

In the 2019 Commandant's Planning Guidance,
General David H. Berger stated, "The Marine
Corps confronts an increasingly complex
operational environment abroad and a
challenging fiscal outlook. The Marine Corps
can no longer accept the inefficiencies inherent
in antiquated legacy systems that put an
unnecessary burden on the warfighters....By
exploiting the technical revolution in autonomy,
advanced manufacturing, and artificial
intelligence, the naval forces can create many
new risk-worthy unmanned and minimally-
manned platforms that can be employed

in stand-in engagements to create tactical
dilemmas that adversaries will confront when
attacking our allies and forces forward”

These statements demonstrate the Marine
Corps’ commitment to innovation and
determination to be technologically ahead of
its adversaries and competitors. To do this, the
Marine Corps must be capable of innovation
across the range of military operations (ROMO)
and the full spectrum of domain capabilities, to
include maritime, land, air, space and cyber, as
well as the human domain.

The PEO monitors Marine Corps, Navy, the
other Services and Joint efforts that relate to
futures assessment, concept development, and
innovation that assist in articulating potential

impacts and influences that span the PEO LS
portfolio. This effort supports and enables the
identification and prioritization of the PEO LS
top program issues and associated technology
needs that will in turn inform, influence, and
align S&T investment.

Guiding Documents

Two guidance documents have proven to

be especially impactful in this effort. The
Secretary of Defense published the Defense
Innovation Initiative which included guidance
“to pursue innovative ways to sustain and
advance our military superiority for the 21st
century and improve business operations
throughout the Department.” Referencing
advancements in stealth, networked precision
strike, and surveillance in the 1970s and 1980s,
the Secretary directed the identification of a
“third offset strategy that puts the competitive
advantage firmly in the hands of American
power projection over the coming decades.”
The Third Offset Strategy describes the broad
nature of capabilities that the DoD expects

to realize over the coming years by pursuing
developments in advanced technologies,
conducting experimentation with prototype
systems, and increasing emphasis on war
gaming. This strategy will help the DoD better
understand new concepts and the need to
innovate across the entire DoD enterprise.
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Wargaming

The Deputy Secretary of Defense addressed
concerns with the DoD’s decreased ability to
test concepts, capabilities, and plans using
simulation and other techniques, such as -
Wargaming - in his memorandum “Wargaming
and Innovation.” The Deputy directed that,

“To most effectively pursue an innovative

third offset strategy, avoid operational and
technological surprise, and make the best

use of our limited resources, we need to
reinvigorate, institutionalize, and systematize
wargaming across the Department.” He

further explained that revitalizing wargaming
across the DoD enterprise fits well with the
DoD’s Innovation Initiative and bolsters the
Department’s ability to field military relevant
systems and technologies, adapting to dynamic
tactical and operations challenges.

Concept-to-Capability Process

PEO LS continues to pursue the goals outlined
in these two important directives as part

of its Concept-to-Capability process. This
process, depicted in Figure 2-1in section 2
(S&T Collaboration and Engagement), provides
a validated, repeatable process for addressing
an uncertain future within the context of the
Service’s current force development system.
This process is also executed in conjunction
with the Deputy Commandant for Combat
Development and Integration, Marine Corps
Warfighting Laboratory/Futures Directorate
(MCWL/FD) and the Capabilities Development
Directorate (CDD). Ultimately this collaboration
is conducted within the overarching Planning
Programming, Budget and Execution (PPBE)
and Service force development processes. The
PEO LS approach further gains valuable insight
from a series of conducted wargames designed
to examine aspects of the Marine Corps’

new Expeditionary Force 21 (EF 21) capstone
concept, which included: Ground Warrior 2019,
Expeditionary Advanced Base Operations 2019,
and MAGTF Warrior 2019 wargames. These
efforts also assist in mitigating future risks by
providing well-researched areas for focused
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investment based on technical issues that share
common warfighting connections to multiple
programs within the PEO. Focusing S&T
funding on these key areas enables the Marine
Corps to maximize its Return on Investment
(ROI) and to better prepare for the future.

The Combat Developer (represented by

DC CD&I's MCWL/FD) depicted in Figure
3-1initiates Concept to Capability process
outlined in this plan. PEO LS engages with the
MCWL/FD to understand and contribute to
futures assessments, concept development,
and other force development actions to
include experimentation and wargaming. This
engagement and communication helps inform
future required capabilities. Those concepts,
and the process that follows to produce the
capabilities needed, are driven by wide-
ranging assessments of the future that include
everything from adversary capabilities to fiscal
constraints.

Assessment of Plausible Future
Security Environments

PEO LS S&T must access a wide variety of
sources and perspectives to develop and
validate future threats and opportunities as
they apply to the PEO LS portfolio. To obtain
a tailored perspective of the future, the S&T
Director uses the Assessment of Plausible
Future Security Environments (Figure 3-2),
which examines the wide range of potential
futures: preferable, probable, and alternative.
The assessment of plausible futures helps to
augment existing concepts as part of the initial
steps of the Concept-to-Capability process.

This methodology examines current and future
capability gaps to inform the ATIP, providing
relevant context by identifying the most likely
future security environment as well as the
capabilities required to address the challenges
the future force will likely face. The process
references and responds to Department

of Defense, Joint, and Service assessments

and guidance relative to what the future is
expected to hold. It also considers other likely
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Assessments of Plausible Future Security
Environments (FSEs)

Preferable Futures:

TIME { +15-30 YEARS) Jjiil Futures we prefer politically; are
driven to by past momentum
(aging the present) or are
preferable to justify program of
record. May represent idealized
futures not based on hard
analysis. Such futures are
possible but may not be plausible
or likely.

Prebable Futures:

Those deep futures that long
range trend and pattern analysis
indicate are probable.

Plausible Futures:
Any number of alternative
futures that may occur with

H reasonable variation in long
Possible Futures e

Futures Assessments include differing time horizons; they are ESTIMATES. Confidence decreases when
projected further into the future. Foresight expertise and tools designed to assist leadership visualize the
expected future while preparing for other plausible futures.

Figure 3-2. Assessments of Plausible Future Security Environments (FSEs)
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and plausible futures (as well as less probable
scenarios) from industry, academia, and
international community experts.

These probable futures are derived from
baseline forecasts that project existing trends
into the out years. Trends and forecasts used
to support PEO LS’ examination of the most
likely future security environments are outlined
in the following key U.S. defense-related
publications:

» Sustaining U.S. Global Leadership: Priorities
for 21st Century Defense (DoD 2012).

» Capstone Concept for Joint Operations: Joint
Force 2020 (CCJO 2012).

» Joint Operational Access Concept
(JOAC2012).

» Mission Command White Paper (CICS 2012).
» 2012 U.S. Marine Corps S&T Strategic Plan.

» Gaining and Maintaining Access: An Army-
Marine Corps Concept (ARCIC/MCCDC
2012).

» The Marine Corps Service Campaign Plan
2014-2022 (2014).

» Quadrennial Defense Review 2014 (QDR).
» Expeditionary Force 21 (HQMC 2018).

» The Defense Innovation Initiative (Secretary
of Defense memo, 2014).

» 38th Commandant’s Planning Guidance
2019.

» Wargaming and Innovation (Deputy
Secretary of Defense memo, 2015).

» The National Military Strategy of the United
States of America 2018 (NMS).

» Naval SET Strategy: Innovations for the
Future Force (ONR 2018).

» A Cooperative Strategy for 21st Century
Seapower (SecNav 2015).
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» National Security Strategy (NSS 2015).

» 2015 Marine Corps Security Environment
Forecast (MCSEF).

» Joint Concept for Rapid Aggregation (CJCS
2015).

» Force Development Strategic Plan (CG
MCCDC, DC CD&I 2015).

» Marine Corps Operating Concept, “How an
Expeditionary Force Operates in the 21st
Century” (HQMC 2016)

Relevant trends and forecasts outlined in these
documents include:

» An era of fiscal austerity and national debt.

» Cyber threats from governments and non-
government actors.

» Technological diffusion/weapons of mass
destruction proliferation.

» Increased urbanization, particularly in the
littorals.

» The traditional view of the three primary
domains (air, land and sea) within the “global
commons,” with the increasingly important
addition of the space, cyberspace, and
human domains.

» The demand for critical resources is likely
to continue to exceed supply, even with
advanced conservation and efficiency
measures coupled with alternative sources.

» Transnational crime, regional instability,
and violent extremism.

» An increased emphasis on a forward-
postured crisis response force in readiness
to address an unstable and uncertain
operating environment, with an emphasis
on Phases 0 through 2 (Shape, Deter, Seize
Initiative).

» Influences within the Marine Corps on
Future Development



“By automating the tasks that are repetitive, time-consuming, and routine, we
will create the space in the schedule to train, educate, and develop our Marines
to the level required by the operational environment."

-General David H. Berger, Commandant of the Marine Corps

The Commandant of the Marine Corps

has said the Marine Corps must be able to
innovate, adapt and win with the equipment
that we currently have in our inventory. The
ATIP is designed to leverage efforts throughout
the S&T enterprise, to find solutions to the
current technology needs of the PEO LS PORs,
and to look into the future to see what is in the
“Realm of the Possible” This Futures Section

is intended to inform where the Marine Corps
could go with its investment funding if the
technology proves to be worth the needed
investment and suggest technology trends that
may influence the way the Marine Corps will
fight in the future.

3.1 Artificial Intelligence

As you may have noticed in recent years,
Artificial Intelligence (Al) has become quit
popular. Many have become enamored with
AT’s ability to perform tasks more efficiently
than humans, while others have become fearful
of the potential technical singularity (when
machines rule the world). No matter what side
of the fence you fall on one thing is for certain,
Al is here and will likely become a more integral
part of our daily lives, if it isn’t that way already.
And like any technological advancement

there is a lot of technical jargon that goes
along with it: narrow Al, general Al, super Al,
machine learning, deep learning, reinforced
learning supervised and unsupervised

learning, recurrent and convolutional neural
networks, Bayesian networks and a plethora

of additionally confusing terms. What this
section will attempt to do is bring forward the
most important aspects of Al to the Marine
Corps and provide a brief description of those
important pieces.

What Is Artificial Intelligence?

John McCarthy, known by many as the father
of Artificial Intelligence, believed that "every
aspect of learning or any other feature of
intelligence can in principle be so precisely
described that a machine can be made to
simulate it."

Al is not easily defined, and if you search

you will find a broad range and likely some
conflicting results. Wikipedia provides a
generic, and slightly vague description of Al as
“apparent intelligence exhibited by machines,
rather than the natural intelligence displayed in
humans or other animals” More specifically it is
act of machines mimicking natural intelligence
cognitive functions such as problem solving

or learning (Dickerson, 2017). It is man-made;
it can reason, make decisions, account for
multiple and various factors, and in many ways,
simulate human brain functions in general. To
provide a deeper understanding a discussion
of a common misconception is necessary; the
term “robot” is not a synonym for Al, even
though it is used that way in many instances.
Artificial Intelligence is a reference to the
software that manifests intelligence, whereas
robots infer a physical element, a shell which
carries out the decisions made by the Al engine
behind it. In addition, robots don’t necessarily
need Al to carry out useful functions nor

does a true Al need a robot to be functional.
Slightly murky, yes. The truth is that Al is hard
to define, because intelligence itself is hard to
define; however, what everyone can agree on is
that Al is not natural.

Exacerbating the misunderstanding of
artificial intelligence is a phenomenon called
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the Al Effect which John McCarthy (who
many consider the father of Al) quipped, “As
soon as it works, no one calls it Al anymore”
Michael Kearns, a professor at the University
of Pennsylvania, explained further that, “As
soon as someone gets a computer to do

it, people say: 'That's not what we meant

by intelligence.' People subconsciously are
trying to preserve for themselves some
special role in the universe." The simple fact
that automatic garbage collection was once
considered advanced artificial intelligence;
however, now it is merely an algorithm that
helps us sort through recyclables in our trash
is a testament to this problem. As a society,
we have become accustomed to computers
routinely beating chess champions and winning
at Jeopardy, Google and Bing searches that
remember our topics of interest and help us
find the information we need, and smart cars
that have automatic breaking and collision
avoidance systems all using some level of Al
to power their application. Today, many of
the rules- and logic-based systems that were
previously considered Artificial Intelligence
are no longer classified as Al In contrast,
systems that analyze and find patterns in data
(machine learning) are becoming the dominant
form of Al. But regardless of the mechanisms
and behind the scenes, the level of Al can

be broken down into three main categories:
Artificial General Intelligence, Artificial Super
Intelligence, and Artificial Narrow Intelligence.

Artificial Narrow Intelligence

Narrow Al is the only form of Artificial
Intelligence that humans have achieved so far.
This type of Al is good at performing a single
task, such as playing chess or Go, making
purchase suggestions, sales predictions and
weather forecasts. Narrow Al works within a
very limited context and can't take on tasks
beyond its field. So, you can’t expect the same
engine that transcripts audio and video files
to, say, order pizza for you. That's the task of
another Al. However, that doesn't mean that
narrow Al is inefficient. On the contrary, it is
very good at routine jobs, both physical and
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cognitive. And it's narrow Al that can ferret

out patterns and correlations from data that
would take eons for humans to find. It is narrow
Al that is threatening to replace (or rather
displace) many human jobs.

Narrow Al examples:

» At their current state of development
computer vision and natural language
processing, even with all of their recent
advances, are still considered narrow Al.

» Speech and image recognition are narrow
Al and even Google’s translation engine,
while highly sophisticated, is also form of
narrow Artificial Intelligence.

» Self-driving car technology is still
considered a type of narrow Al; however,
it is more advanced as it requires the
coordination of several narrow Als.

Artificial General Intelligence

General Al, also known as human-level

Al or strong Al is the type of Artificial
Intelligence that can understand and reason

its environment as a human would. General

Al has always been elusive. We've been saying
for decades that it’s just around the corner;
however, the more we learn, the more we
realize that it will be difficult to achieve. It’s
really hard to define what human-level artificial
intelligence would be. While humans might not
be able to process data as fast as computers,
they can think abstractly and plan, solve
problems at a general level without going into
the details. They can innovate, come up with
thoughts and ideas that have no precedence.
Consider the invention of the telephone, ships,
telescopes, concepts such as mail, social media,
gaming, virtual reality. It's very hard to teach a
computer to invent something that isn't there.
Additionally, humans’ ability to perceive things,
juggle between multiple unrelated thoughts
and memories when making a decision. That’s
very hard for computers to achieve.



Artificial Super Intelligence

According to University of Oxford scholar and
Al expert Nick Bostrom, when Al becomes
much smarter than the best human brains

in practically every field, including scientific
creativity, general wisdom and social skills,
we've achieved Artificial Super Intelligence.
Some believe that the distance between AGI
and ASI is very short, happening in a blink

of an eye and will continue to evolve at an
exponential rate. What happens at that point
is pure speculation. Noted Scholar Stephen
Hawking and noted Entrepreneur Elon

Musk see the development of full artificial
intelligence as the potential end of the world.

Military Interests

For the DoD, Al provides two sorts of
opportunities.

1. Al technologies might make existing tasks
simpler, more reliable, or more efficient.
Or,

2. Al technologies might be used to introduce
wholly new capabilities. Another dichotomy
is substitutive, where Al replaces people,
or complementary, where Al improves or
helps.

But these points are true of all automation.

Al techniques provide new tools capable of
helping the Marine in the field help accomplish
these goals (autonomous resupply convoys

or MUM-T). Using them is engineering, albeit
advanced engineering. That Al and—if it were
to advance significantly—AGI are of importance
to DoD is so self-evident that it needs little
elucidation here. Weapons systems and
platforms with varying degrees of autonomy
exist today in all domains of modern warfare,
including air, sea (surface and underwater),
and ground. To cite a few out of many possible
examples:

» Northrop Grumman’s X-47B is a strike
fighter-sized unmanned aircraft, part of the
U.S. Navy's Unmanned Combat Air System

(UCAS) Carrier Demonstration program.
Currently undergoing flight testing, it

is capable of aircraft carrier launch and
recovery, as well as autonomous aerial
refueling.

» Anti-Submarine Warfare Continuous
Trail Unmanned Vessel (ACTUV) program
recently commissioned the “Sea Hunter”,
a 130 ft unmanned trimaran optimized
to robustly track quiet diesel electric
submarines.

» The Samsung SGR-Al is a South Korean
military robot sentry designed to replace
human counterparts in the Korean
demilitarized zone. It is capable of
challenging humans for a spoken password
and, if it does not recognize the correct
password in response, shooting them with
either rubber bullets or lethal ammunition.

It is an important point that, while these
systems have some degree of “autonomy”
relying on the technologies of Al, they are in

no sense a step—not even a small step—towards
“autonomy” (which will be discussed in the next
section) in the sense of AGI, that is, the ability
to set independent goals or intent. Indeed, the
word “autonomy” conflates two quite different
meanings, one relating to “freedom of will or
action” (like humans, or as in AGI), and the
other the much more prosaic ability to act in
accordance with a possibly complex rule set
based on possibly complex sensor input, as in
the word “automatic”. In using a terminology
like “autonomous weapons”, the DoD

At a higher strategic level, Al is recognized by
DoD as a key enabling technology in a possible
Third Offset Strategy, key elements of a Third
Offset Strategy include:

» autonomous learning systems, e.g., in
applications that require faster-than-human
reaction times;

» human-machine collaborative decision
making;

2020 PEO LS Advanced Technology Investment Plan | 23



» assisted human operations, especially in
combat;

» advanced strategies for collaboration
between manned and unmanned platforms;
and

» network-enabled, autonomous weapons
capable of operating in future cyber; and

» eclectronic warfare environments.

3.2 Autonomy
Why Is Autonomy Important?

Autonomous systems, unmanned systems and
other associated technologies are beginning
to have a significant impact on warfare as we
know it today. Many feel that with proper
level of Research and Development (R&D),

the physical and cognitive burdens placed on
today’s warfighter can be considerably reduced
through the development and application

of appropriately focused autonomous
technologies. These newly designed and
appropriately focused autonomous systems
will not replace the warfighter but complement
these future warriors by extending their reach
as well as providing potentially unlimited
persistent capabilities without degradation
due to warfighter fatigue or without loss of
situational awareness. Additionally, these
systems will help the warfighter perform
certain functions with speed, reliability and
precision beyond existing human capability.
Dr. David and Nielsen concluded in the
Defense Science Board 2016 Summer Study on
Autonomy that,

“While difficult to quantify, the study
concluded that autonomy—fueled by
advances in artificial intelligence—

has attained a ‘tipping point’ in value.
Autonomous capabilities are increasingly
ubiquitous and are readily available to
allies and adversaries alike. The study
therefore concluded that DoD must

take immediate action to accelerate its
exploitation of autonomy while also
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preparing to counter autonomy employed
by adversaries.”

What Is Autonomy?

As we bring the topic of autonomy into focus it
is useful to provide a few definitions to ensure
there is a clear understanding of what we are
discussing as well as the relationships between
the topics. Below is a list of definitions
delivered by Dr. Lawrence G. Shattuck,
Director, Human Systems Integration Program,
Naval Postgraduate School, Monterey, CA in
his presentation at NASA's Human Systems
Integration Division 2015 workshop on
Transitioning to Autonomy: Changes in Role of
Humans in Air Transportation.

Autonomy is the ability of an intelligent system
to independently compose and select among
different courses of action to accomplish goals
based on its knowledge and understanding of
the world, itself, and the situation.

Artificial Intelligence (Al) is the ability of a
system to act appropriately in an uncertain
environment, where an appropriate action is
that which increases the probability of success,
and success is the achievement of behavioral
sub-goals that support the system’s ultimate
goal.

Intelligent System is an application of Al to
a particular problem domain. Usually very
specialized -- not “general intelligence”

State of the Art is not as broadly competent as
people and lacks common sense.

» In some domains machine intelligence
equals all but the most skilled humans; in a
few areas they excel above all.

» Taking on tasks once thought only do-able
by humans.

» Accomplishing tasks no human can perform
without their help.

» Their complexity makes it nearly impossible
for anyone but an expert to understand



them, and that is becoming increasingly
difficult as intelligent systems gain the
ability to learn.

Robotics focuses on systems incorporating
sensors and actuators that operate
autonomously or semi-autonomously in
cooperation with humans. Robotics research
emphasizes intelligence and adaptability to
cope with unstructured environments.

Automation emphasizes efficiency,
productivity, quality, and reliability, focusing
on systems that operate without direct
control, often in structured environments
over extended periods, and on the explicit
structuring of such environments.

Agent is a self-activating, self-sufficient and
persistent computation:

» May be an intelligent system.
» May include significant automation.

» [s capable of modifying the manner in which
it achieves objectives (fulfills purpose).

» May reside and act entirely in the cyber
world, or be embodied in a device such as a
robot.

History of Military Use

Since the inception of Nikola Tesla wireless-
radio technology in the 1890s, autonomous
and semi-autonomous systems have found
their way into military application. During
World War I, Germany utilized Tesla’s wireless-
radio technology to guide an explosive laden
motor boat into a British vessel (Singer, 2009).
During World War II, the Germans again used
this wireless-radio technology to remotely
pilot a drone; manually steering the explosive
laden drone to its target. During the Vietnam
War, the U.S. flew the Firefly drone on nearly
3,500 reconnaissance missions in support of
operations in South East Asia. Laser-guided
munitions were a staple for forces during the
Persian Gulf War and soon after, Global Position

System Satellite navigation data would be
introduced into a new era of smart munitions.
The aftermath of the attacks on the World
Trade Center 2001, provided an additional
catalyst, furthering the movement towards
autonomy as the Military expanded its drone
fleet from less than 100 to more than 7,000
Unmanned Air Systems (UAS).

Congress got involved in movement towards
autonomy when then Senator John Warner,
Chairman of the Senate Armed Services
Committee added in the 2001 National Defense
Authorization Act that one-third of all attack
aircraft to be unmanned by 2010 and one-third
of all ground combat vehicles driverless by
2015. While their motivation had more to do
with the public’s growing distaste for American
war casualties and its potential impact on U.S.
foreign policy; the insertion of this language
demonstrated the growing acceptance and
belief that robotics and autonomous systems
would play a significant role on the future
battlefield (Singer, 2009).

Where Are We Today?

Today few images highlight the increasingly
automated nature of modern warfare better
than a photograph of the eerily opaque,
windowless nose of the MQ-1 Predator

drone, a centerpiece of U.S. military and
counterterrorism efforts in the Middle East
and Africa having flown hundreds of precision
drone strikes targeting our nations foes.
However, drone warfare is merely the leading
edge of a broader worldwide trend toward
more autonomous methods of warfighting.
South Korea’s SGR-Al armed sentry robots
guarding the DMZ, Israel’s ‘Iron Dome’ active
protection system, miniaturized lethal drones
such as the U.S. Army’s Switchblade, long-range
intercontinental drones like the U.K. Taranis
and the U.S. X47-B are just a few examples

of the versatility that these automated
systems provide. It's no small wonder why
militaries around the world are investing in
an increasingly automated future, and these
investments are not limited to weapons in the
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conventional sense. Military and intelligence
agencies worldwide are developing increasingly
sophisticated and autonomous software
algorithms for use in cyberwarfare - conflicts
between electronic agents in electronic space
that nevertheless have the potential to inflict
considerable human losses. Incorporating

the advances in algorithm development for
analyzing massive datasets, systems are

being developed that have the capability to
outperform human calculations of threat
potential, target value, operational risk, mission
cost, casualty estimates and other key strategic
variables. Taken together, these developments
represent a profound shift in our traditional
understanding of the role of human beings in
the conduct of war.

Commercially, there has been a rapid expansion
in the global market for robotics and other
intelligent systems to address consumer and
industrial applications. Autonomy is being
embedded in a growing array of software
systems to enhance speed and consistency

of decision-making, among other benefits.
Additionally, governmental entities, motivated
by economic development opportunities as
well as growing security issues, are investing
basic and applied research dollars to address
the projected future needs for these types

of systems. Applications include commercial
endeavors such as IBM’s Watson, the use

of robotics in ports and mines worldwide,
autonomous vehicles (from autopilot drones
to self-driving cars), automated logistics and
supply chain management, and many more.
Japanese and U.S. companies invested more
than $2 billion in autonomous systems in 2014,
led by Apple, Facebook, Google, Hitachi, IBM,
Intel, LinkedIn, NEC, Yahoo, and Twitter.

Where Are We Going?

The DoD has strategically increased its
adoption of robotics and unmanned vehicle
systems in the last decade, but the vast
majority of the systems are remotely operated
rather than autonomous. Recent programs
such as the Autonomous Aerial Cargo
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Utility System (AACUS), an Innovative Naval
Prototype, have shown a progression from
pre-programming and remote control to
autonomous functionality, but progress has
been slow. The Department is engaged in R&D
across many aspects of autonomy, but has not
yet addressed the R&D needed to overcome
the systemic challenges to the widespread use
of autonomy across the broader mission sets
to which it could be applied. Initially, robotics
and unmanned systems were largely driven by
perceived improvements in performance and
cost; however, actual advantages are proving to
be more complex. Safety improves by reducing
the lethality of warfare and the ability to adopt
riskier tactics because a system is unmanned.
Accuracy also improves, with more endurance,
range, and speed in comparison to manned
vehicles. Systems are also more flexible and
more mobile. Autonomy also enables the
execution of new missions— particularly in
domains such as cyber and electronic warfare,
in which decision speed is critical to success.

The following areas were highlighted in the
Defense Science Board’s 2016 Summer Study on
Autonomy as opportunities for DoD to exploit
ongoing advances in autonomy:

» Reduction of Manpower-realizing the
promise of unmanned systems to reduce
manpower and cost:

* Mitigation of unmanned-reduce
manpower, cost, logistics of existing
platforms

* Reduction of operators-further
reduction of manning and specially
qualified operators to control more than
one platform or asset

 Information filtering-reduction of sheer
data volume collected by unmanned
systems. Systems that make decisions
on what not to show

» Tactical Advantage-added advantages on
the battlefield:



¢ Faster reaction time-local decisions
faster than human cycle

* Deeper penetration-operation in
inaccessible or denied environments

» Extended operation-can operate longer
than human cycles

» Agility and adaptation-ability to adjust
to changing environments and mission
goals, ability to use in secondary
missions

» Trusted Companion-System capable of
providing real-time, tactical and proximate
support to warfighters:

» Faithful servant-utilization of competent
mules, closer proximity to humans,
operations not in contact with adversary

* Loyal wingman-high tempo
coordination and interaction, operations
in contact with adversary

3.2.1 Manned-Un-Manned
Teaming (MUM-T)

MUM-T is a term used to describe the
relationships established between manned
and unmanned systems while carrying out a
common mission as an integrated team. More
specifically, MUM-T is the overarching term
used to describe platform interoperability and
shared asset control to achieve a common
operational mission objective. This term also
includes the concepts of “loyal wingman” for
air combat missions and segments of missions
such as MUM air refueling. This capability

is especially vital for missions such as target
cueing and handoff between manned and
unmanned systems, where the operators not
only require direct voice communications
between the participants, but also a high
degree of geospatial fidelity to accurately
depict each team member’s location with
regard to the object being monitored.

MUM-T efforts have steadily increased as
technology has improved, and users have found

new and innovative methods to exploit this
enhanced mission capability. Current missions
include reconnaissance, surveillance, and target
acquisition (RSTA); transport; countermining;
explosive ordnance disposal; and the use of
armed unmanned tactical wheeled vehicles for
checkpoint security inspections. While much of
this effort has been focused on exploiting the
potential of unmanned air vehicles, the MUM-T
concept associated with ground operations is
becoming more pervasive. These developments
have been the catalyst for creating a number of
key MUM-T capabilities, which include:

» Defeating explosive ground surface, sub
surface (tunnel), and sea hazards from
greater standoff distances.

» Developing of a squad multi-purpose
Unmanned Ground Vehicle (UGV)
that incorporates a modular payload
architecture to rapidly adapt payload to
mission needs with minimum impact to the
operator’s cognitive workload.

» Providing an organic aerial resupply
capability to assure resupply for steady
state and emergency operations that
unburdens dismounted units over extended
distances and reduces risk to personnel
conducting manned resupply operations in
contested terrain.

» Developing the capability to conduct
multi-unmanned systems missions with
minimal operator input providing a single
operator with the ability to control multiple
unmanned systems without cognitive
overload.

As a technology concept, MUM-T acknowledges
the capabilities and limitations of current
technologies (as well as those of today’s
warrior) and provides a vision for how we can
optimize these technologies to best support
the warfighter. Future investments in effective
MUM-T would greatly complement warfighters
and enhance their ability, making them more
effective and more survivable in the future A2/
AD environment. While the explosive ordnance
disposal (EOD) community has extensive
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experience with MUM-T, the military must
shed its preconception that robotic followers
can only operate within the confines of current
man-machine interface. These preconceived
notions can limit our ability to realize the
potential for innovative applications with
regard to MUM-T and stifle the growth of what
could be a cornerstone of future Marine Corps
operational concepts.

3.2.2 The Test and Evaluation
Challenge for Future
Autonomous Systems

Autonomous systems present significant,
unique challenges to the DoD test and
evaluation (T&E) community. As the level

of autonomy increases, test and evaluation
needs to transition away from the execution
of specifically planned scenarios to a new test
paradigm that understands and validates the
decisions made in a dynamic environment. The
challenges facing the T&E community include
the ability to evaluate emerging autonomous
systems’ safety, suitability and performance,
as well as human interaction with autonomous
systems. The T&E community must be able

to predict a system’s behavior and decision
processing. The community must also be able
to characterize the environment in which the
autonomous system will operate and evaluate
the ability of those systems that are sensing
the environment and formulating a world
model based on this sensed environment. The
test technology community must advance the
technology readiness levels of key supporting
technologies and processes needed to improve
DoD’s T&E capability.

The Defense Science Board Task Force

on the Role of Autonomy in DoD Systems
recommended that USD (AT&L) review the
current test technology programs, including
those of the Test Resource Management
Center, to ensure that the unique test
requirements of autonomous systems are
addressed. Among the topics identified were:
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» Creating techniques for coping with
the difficulty of defining test cases and
expected results for systems that operate in
complex environments and do not generate
deterministic responses.

» Measuring trust that an autonomous system
will interact with its human supervisor as
intended.

» Developing approaches that make the basis
of autonomous system decisions more
apparent to its users.

» Advancing technologies for creating and
characterizing realistic operational test
environments for autonomous systems.

» Leveraging the benefits of robust simulation
to create meaningful test environments.

Based on the results of their research, it is
likely that the DoD will need to improve its
operational test ranges so that they can better
support the evaluation of autonomous systems.

3.3 PEO LS Future Focus

Exponential Technologies

Exponential technologies are those
technologies that fundamentally disrupt the
‘balance of power’. These technologies typically
have the following characteristics:

» Decentralization: The work is performed by
a diverse network of individuals using mass
collaboration in a virtual environment.

» Transparency: The work is usually open-
source.

The impact of ‘transparency’ is further
amplified when technologies coalesce into
open platforms, thus enabling insertion and
upgrades by rapidly building on previous
versions. Furthermore, the ability to combine
and recombine technologies lends itself to
exponential innovation — where the combined
capability is greater than the sum of its parts.



PEO Land Systems’ future investments will
focus heavily on exponential technologies to
include:

» Counter UAS Technologies

» Active Protection System (APS)

» Autonomy/Robotics

» Big Data Analytics

» Additive Manufacturing (3-D Printing)
» Artificial Intelligence/Deep Learning
» Condition Based Maintenance (CBM)
» MTVR Leader Follower

» Drone Elimination

Counter UAS Technologies

The list of countries that now possess and
operate some type of UAS capability continues
to grow with the proliferation of increasingly
affordable and available technology. The
widespread proliferation of Unmanned Aerial
Systems (UAS) among both state and non-state
actors is cause for concern to U.S. operational
commanders. These unmanned aircraft are
being developed with more technologically
advanced systems and capabilities. Some have
the ability to duplicate many of the capabilities
of manned aircraft for both surveillance/
reconnaissance and attack missions. They

also can be elusive, small enough and/or slow
enough to elude detection by standard early
warning sensor systems and in large numbers
(Swarms) pose a formidable threat to friendly
forces. To adequately address this growing
threat the Marine Corps will have to develop an
integrated, expeditionary suite of networked
capabilities to detect, identify, cue, and
kinetically or non-kinetically prosecute enemy
unmanned air, ground, and surface / sub-
surface systems.

Active Protection Systems (APS)

The rapid advancement of anti-armor systems
is requiring the Marine Corps’ as well as the

other services to consider non-traditional
protective measures as the cost and weight
of traditional systems continue to rise. One
of these non-traditional methods is the use
of Active Protection Systems. A technology
that safeguards vehicles and personnel from
incoming fire by identifying warning cues,
detecting threats, classifying threats and
actively using countermeasures to defeat the
threat.

APS technologies use sensors and /or radars,
computer processing, fire control technology,
interceptors and countermeasures to prevent
line-of-sight guided anti-tank missiles/
projectiles from acquiring and /or destroying

a target. There two categories of APS systems
characterized by their defense mechanisms;
“soft-kill” and “hard-kill” A Soft-kill system uses
electronic countermeasures to confuse or jam
the incoming missiles targeting mechanism by
way of electro-optical signals, infrared, or laser
jamming. While “hard-kill” countermeasures
physically counteract incoming missiles and
Rocket-Propelled Grenades by intercepting
them at close range if needed.

The Department of the Army is looking at a
range of domestically produced and allied
international solutions for their Modular

Active Protection Systems (MAPS) program.
Rafael’s Trophy system, Artis Corporation’s Iron
Curtain, Israeli Military Industry’s Iron Fist,
UBT/Rheinmetall’s ADS system, and others are
under consideration. The goal for the newest
APS or MAPS will be to enhance the tracking
sensor technology for identifying the origin and
for detecting enemy optics prior to a hostile
fire event. Ultimately, this will help create

an autonomous or semi-autonomous shield

to protect virtually any vehicle on which the
system is installed.

Autonomy/Robotics

Autonomy and robotics provide capabilities
that effect operational and tactical maneuver
in the littorals through the use of unmanned
autonomous systems with minimal human
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interaction and control. These capabilities
include unmanned ground vehicles, robots, air
vehicles, sensors, UxS swarms, and connectors
that work side by side with the Warfighter.
Ideally, these systems will be able to collaborate
and share information to reduce the operator
workload, relieving him or her of physical and
cognitive burdens. The goal is to reduce risk

to human life by using unmanned systems to
accomplish potentially dangerous tasks.

Big Data Analytics

Big Data Analytics describes the exponential
growth and availability of data, both structured
and unstructured, so large or complex that
traditional data processes applications are
inadequate. Big data analytics will help the user
gain insights from a massive amount of data,
enabling more accurate analysis, modeling and
predictions. It will also transform the ability to
draw actionable intelligence from a myriad of
sensors and nodes at the tactical edge. It can
provide commanders at all levels information
ranging from mundane tasks, like a vehicle
needs an oil change, to the immediate threat
of a roadside Improvised Explosive Device.

The near real-time transmitting, receiving,
gathering and acting on this information can
greatly benefit the Marine Corps.

Additive Manufacturing (3-D Printing)

Additive Manufacturing is the process of
making a three-dimensional solid object of
virtually any shape from a digital image. This is
achieved by using an additive process, where
successive layers of material are laid down in
different shapes. 3-D printers could transform
military logistics by allowing units to print
equipment and spare parts in the field, greatly
reducing response time. While there is a
logistical burden associated with 3-D printing,
it could be offset by its advantages. The
Marine Corps wants to explore the potential
for significantly increased efficiencies in
logistics through reduction of inventories and
determining other areas of military application.
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Artificial Intelligence / Deep Learning

Earlier in this section we described Artificial
Intelligence (Al) as the ability of a system to
act appropriately in an uncertain environment,
where an appropriate action is that which
increases the probability of success, and
success is the achievement of behavioral
sub-goals that support the system’s ultimate
goal. One way to achieve Al is through use of
Artificial Neural Networks (ANN), an advanced
statistical technique that simulates learning and
experience.

ANNSs are statistical models directly inspired
by and partially modeled on biological neural
networks. They are capable of modeling and
processing nonlinear relationships between
inputs and outputs in parallel. The related
algorithms are part of the broader field of
machine learning and can be used in many
applications. These artificial neural networks
are characterized by containing adaptive
weights along paths between neurons that can
be tuned by a learning algorithm that learns
from observed data in order to improve the
model.

Deep learning is a process that applies ANN
technologies to solve complex problems. This is
done by weighting the neurons along a neural
network path (a chain of neurons) to achieve
the desired outcome or find the correct path.
The neurons in this instance can be thought of
as computational stages, where the path to the
next stage is achieved through trial and error
(either through supervised or unsupervised
methods) until the correct outcome or path is
achieved. The more complex the problem the
longer the chain or computational stages and
the deeper the learning.

A key area of interest for the Marine Corps lies
in AI's ability to handle /analyze large volumes
of decision support data, typically more than
humans can handle. Much of this low level
decisions support data can go unanalyzed or be
overlooked, particularly during periods of high
tempo contingency operations. Developing



a capability to deal with this “Big Data” issue

will require the application of an Al capability
that can concatenate hundreds of small rote
operations/algorithms, quickly piecing together
meaningful knowledge aiding decision makers
at all levels make better informed decisions. The
ability of a system to deal with large volumes of
data and conduct rigorous repetitive, low-level
tasks quickly and with minimal error has the
potential of freeing the warfighter to conduct
higher level tasks.

Condition Based Maintenance (CBM)

Condition Based Maintenance is a central
component of Total Productive Maintenance
(TPM). CBM is the application and integration
of processes, technologies, and knowledge-
based capabilities to achieve target availability,
reliability, and operation. CBM also supports
costs of Marine Corps systems and components
across their life cycles. TPM is a comprehensive
approach to maintenance intended not only
to prevent and correct equipment failures,

but also to optimize equipment performance
and extend equipment life cycles. Another

key component of TPM is Reliability Centered
Maintenance (RCM), which is a method

of analysis that captures and assesses
operational and maintenance data to enable
decisions that improve equipment design,
operational capability, and readiness. RCM

is a logical decision process that provides

the “evidence of need” for both reactive and
proactive maintenance tasks that support
CBM processes. RCM involves performing
only those maintenance tasks that will reduce
the probability of a failure or mitigate the
consequences of failure, based on analysis of
each failure mode and the consequence of
failure.

Summary

The Marine Corps’ S&T investment today will
enable the force to counter military threats

as well as overcome any advantages that our
future adversaries may seek. They can expand
the options available to commanders, including

options left of phase O that can potentially
prevent conflict. The Marine Corps’ ability
to anticipate the mid to long term (3-5 years
and 6-30 years) operating environment will
be critical to finding the key technologies
that will ensure the future force can adapt to
win. Focusing S&T on these key technologies
can provide the technological advantage

the warfighter will need to succeed on the
future battlefield and potentially provide

a springboard to the next generation of
unmatched military capabilities.
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Section 4.0

PEO LS TOP TECHNICAL ISSUES

The identification and prioritization of PEO
LS programs’ Top Technical Issues starts the
process of determining which Top Technical
Issues will result in the development of an
associated capability. These issues are vetted
through each program’s S&T representative,
lead engineer, deputy program manager,

and program manager for concurrence and
prioritization.

The Top Technical Issues across all PEO LS
programs are then rolled up into similar
categories that establish key focus areas and
informs the prioritization of funding and
research efforts. A top-down approach of
aligning S&T investment areas with the bottom-
up prioritized list of Top Technical Issues
ensures a consolidated and focused effort to

Programs

technologies
» Engage all applicable S&T venues
» Resolve technology gaps
» Transition capability
PEOLS
PROGRAMS’
TOP TECHNICAL
ISSUES
PEO LS
ROLL-UP OF

TOP TECHNICAL
ISSUES

PEO LS

HIGH PRIORITY
GAPS AND
TECHNOLOGIES

capabilities.

» Identify top technical issues across PEO LS

» Communicate issues to key stakeholders
» Align top issues with high-priority gaps and

Identifies and prioritizes the top technical issues of each program.

Identifies the top technical issues across all PEQ LS programs represented
by “rolling-up” the totals of like issues noted by the programs in PEO LS.

Matches a “top down” listing of key S&T investment areas from OSD, AT&L,
DDR&E S&T, ONR/NRL, Army, Air Force, DoD agencies, and industry with
the “bottom up” prioritized list of top technical issues for PEO LS programs.

Identifies critical, cross cutting, and actionable categories selected by their
relevance to inform and influence high priority technology investment
decisions, resolve critical issues, and support transitioning Warfighter

resolve each program’s technical issue
(see fig. 4-1).

This process allows S&T representatives

from all PEO LS programs to work through
the Top Technical Issues of their programs
and identify capability gaps where S&T could
potentially lead to requirement solutions. This
collaborative approach has proven extremely
valuable not only in identifying individual
program technical cross-cutting issues, but
also in identifying technology issues that are
common among other PEO LS programs.

By understanding these common technical
challenges, PEO LS can better align and
leverage resources across the S&T enterprise.
Figure 4-2 identifies the Top Technical Issues of
each PEO LS program.

Figure 4-1. PEO LS Top Technical Issue to Capability Roll-Up
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PEO LS Programs’ Top Technical Issues Roll-Up

Technical Issues

Assault Amphibious Vehicle (AAV)

Amphibious Combat Vehicle
(ACVY)

Common Aviation Command & Control
System (CAC=2S)

Ground Based Air Defense (GBAD)

Ground/Air Task Oriented Radar
(G/ATOR)

Joint Light Tactical Vehicle (JLTV)

Logistics Vehicle Systems Replacement
(LVSR)

Medium Tactical Vehicle Replacement
(MTVR)

Mine-Resistant Ambush Protected
(MRAP) Family of Vehicles: Buffalo,
Cougar, and M-ATV

Lightweight 155mm Howitzer
(LW 155)

Reliability/Sustainment
Autonomous
Communications
Power and Energy

Survivability
Weight
Crew Visibility

Bandwidth Efficient Radar Measurement Data Distribution
Bandwidth Efficient Networked Voice Communications
Vehicles

Cross Domain Security Solutions

Small Form Factor CAC2S

Contextual Search Engines

Counter Unmanned Aircraft System (UAS)
Low-Altitude Air Defense (LAAD) C2
Stinger Night Sight Replacement

Lowering Manufacturing Costs

Increased Dynamic Range

Advanced Electronic Protection

Diminishing Manufacturing Sources and Material
Shortages

Improvements in Detecting, Discriminating and Tracking
Unmanned Arial Vehicles (UAVs)
Weight/Protection

Vehicle Network Architecture

Noise Mitigation

Situational Awareness

Tires

Fuel Consumption

Increased Survivability

Sustainability

Safety

Increased Survivability

Sustainability

Safety

Transparent Armor

Sustainability

Stress Cracks in Welded Construction and Monolithic
Hulls Both Using High Hard Steel

Navigation in a GPS Denied Environment

Safe and Transportable Battery High-Capacity Technology
On System Power Generation and Conservation

Secure Wireless: Ruggedized/Low Energy

Weight Management

Figure 4-2. PEO LS Programs’ Top Technical Issues Roll-Up
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Section 5.0

PEO LS S&T FOCUS AREAS

B PEO LS S&T Focus Areas

Power and Energy

s::rvwabltlty and Mobility

Modelmg and Simulation

Fuel Efficiency
Intelligent Power and Thermal Management

Autonomy

Corrosion

Crew Visibility

Fuel Containment/Fire Suppression
Safety

Weight Reduction

M-ATYV

Figure 5-1. PEO LS S&T Focus Areas

PEO LS S&T focus areas originate from high-
priority technology issues identified by each
PEO LS program manager. They emphasize
areas of focused S&T investment and
engagement that are mission essential, cross-
cutting, operationally relevant, and actionable.
These focus areas serve to inform, influence,
and align requirements and S&T technology
investments while supporting the transition of
critical capability to the Warfighter.

S&T Focus Areas

5.1 Power and Energy. This focus area
encompasses technologies that expand the

overall capability of the MAGTF by increasing
the availability /capability of battlefield power,
while decreasing the logistics footprint.

5.1.1 Fuel Efficiency. These technologies
enhance vehicle performance, while reducing
fuel consumption. Gains in this area also have
a significant impact on the logistics footprint of
the MAGTF.

5.1.2 Intelligent Power and Thermal
Management. This element centers on the
development of an integrated system that
manages power utilization on vehicle platforms,
heat properties in the cab, and other areas

on the platform to maintain equipment and
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crew comfort. Ideally, an effective power and
thermal management system will improve
electrical system efficiency and improve

heat rejection by linking power and thermal
management strategies into a single on-board
architecture. Advanced power and thermal
management tools are a critical step in the
development of reliable and efficient vehicle
platforms.

5.2 Survivability and Mobility.

5.2.1 Survivability consists of autonomy, fuel
containment/fire suppression, and safety.

5.2.1.1 Autonomy. These technologies provide
full autonomous capabilities and separate

the Warfighter from potentially hazardous
missions, while providing increased efficiency
and economy of force.

5.2.1.2 Fuel Containment/Fire Suppression.
This element includes technologies that safely
extinguish internal and external vehicle fires
without adversely affecting crews. Preferred
solutions will implement a system-of-systems
approach that provides fire suppression and /or
containment for vehicle cabs, crews, tires, fuel
tanks, and engine compartments.

5.2.1.3 Safety. Technologies are needed that
increase vehicle stability and mitigate vehicle
rollover, while maintaining the ability of
vehicles to achieve their off-road and on-road
mission profile.

5.2.2 Mobility consists of crew visibility,
corrosion, and weight reduction. These
technologies improve mobility and increase the
survivability of both Marines and vehicles. They
include advanced lightweight armor concepts,
active protection systems, energy-absorbing
structures, floating floors, shock-mitigating
seats, and upgraded drive and suspension
systems.

5.2.2.1 Crew Visibility. Clear and unobstructed
crew visibility is essential for situational
awareness. This area addresses technologies
that can provide the ability to identify,
process, and comprehend critical elements
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of information regarding the mission and the
operational environment.

5.2.2.2 Corrosion. Damage from corrosion can
cause significant maintenance requirements,
decrease readiness, and potentially degrade
operational capabilities. Marine Corps vehicles
are stored and maintained for long durations
in pre-positioned stock ashore, at sea, and in
other areas that are exposed to salt air, rain,
snow, heat, cold, and other corrosive elements.
Corrosion resistance technologies will reduce
total ownership costs and provide a significant
increase in equipment readiness.

5.2.2.3 Weight Reduction. This area develops
modular, scalable, lightweight, and affordable
components or packages that are tailored to
the mission to provide greater flexibility to the
Warfighter.

5.3 Modeling and Simulation. This element
uses tools that can facilitate a systems
engineering approach to platform design by
evaluating potential design and technology
trade-offs for tactical wheeled vehicles. These
trade-offs will address performance, payload,
crew protection, life cycle costs, survivability,
reliability, availability, and maintainability.



Section 5.1 Focus Area

POWER AND ENERGY

PEO LS continues to address the challenge
of increasing energy and fuel efficiency of
Marine Corps tactical vehicles. With the need
of electronic devices in each of the vehicles
increasing, there is also a significant increase
in the demand for onboard power. Vehicle
dependence on a common towable power
generator only adds to the logistics burden
and boosts fuel consumption. The benefits of
optimizing energy and fuel efficiency are:

» Lightening the load of the Marine Air-
Ground Task Force.

» Reducing the requirement for bulk fuel
distribution and storage on the battlefield,
thereby reducing the logistics footprint.

» Identifying methods to save fuel and to
increase vehicle range.

» Reducing total ownership cost.

There is a two-pronged approach within PEO
LS to address the needs and requirements of
power and energy: Fuel Efficiency projects and
Intelligent Power and Thermal Management
projects.

Fuel Efficiency projects focus on increasing the
efficiency of mechanical systems (e.g., engine,
drive train, vehicle aerodynamics) to increase
the amount of energy extracted from Marine
Corps vehicles for every gallon of fuel used.

Intelligent Power and Thermal Management
projects concentrate on solutions that increase
the efficient use of electricity and power from
other sources once these have been generated.
Both focus areas are inherently aligned and
these will continue to maximize the power and
energy available for the Marine Corps vehicle
fleet.

Marines on the move

PEO LS is actively engaged with other agencies
and technology partners to address the Marine
Corps’ ongoing and future power and energy
challenges. We continue to work alongside
ONR, MCSC, US Army Research Development
and Engineering Command, TARDEC, and
various industry partners to seek improvements
in the areas of fuel efficiency and alternative
solutions for generating on-board (and
exportable) vehicle power.

5.1.1 Fuel Efficiency
The Challenge

Marines can expect to fight in austere
environments in the future and be more
dispersed than in the past. Fighting with more
fuel-efficient vehicles enables the MAGTF to
travel lighter (and farther) while consuming less
fuel. The existing tactical vehicle fleet, along
with the fossil-fuel-consuming tactical supply
items, will continue to be in the Marine Corps
inventory for generations to come. Numerous
avenues are being explored to maximize the
energy extracted from each gallon of fuel and
to minimize losses to heat, friction, and other
inefficiencies. When implemented together,
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these S&T investments, which are not limited
to one vehicle or even one component, can
minimize fuel use and maximize operational
maneuver for each gallon of fuel used.

Potential Solutions
Small Business Innovation

Research (SBIR) Efforts

Fuel Efficiency Improvements
for Amphibious Vehicles

Composite materials offer weight reduction,
corrosion resistance, torsional rigidity, and
increased safety over conventional steel
components. The primary goal of the project is
to achieve TRL 6/7 on a composite suspension
torsion bar for the AAV. Tasks include:

» completion of detail design/analysis of
composite torsion bar,

» selection of materials and manufacturing
processes that optimize performance and
total ownership cost,

» verification of torsion bar design process
and analysis modeling via specimen and /or
sub-element testing, and

» validation of design via qualification
testing.

A secondary effort of the program is to evaluate
other potential components, such as the raised
crew floor, that would benefit from the use of
composite materials.

5.1.2 Intelligent Power and
Thermal Management

The Challenge

The management, storage, and efficient use
of vehicle power has led to the development
of a suite of power control programs that can
effectively prioritize and manage between
command, control, communications,
computers, intelligence, surveillance and
reconnaissance, heating, ventilation, and air
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conditioning systems in an adaptive operational
environment. Vehicle thermal management

is critical as it can reduce thermal loads,
efficiently eliminate heat, reuse waste heat,
and integrate systems within the vehicle. This
effort can boost operational effectiveness

and have a reduced energy load. It can
prolong vehicle operations and result in
efficient electric generation and consumption.
Managing the vehicle’s various thermal loads
and supplies can also assist with power
consumption and resourcefully manage the
vehicle’s output.

The projects described below address many
of the needs associated with this challenge
through management of thermal loads and
energy consumption on Marine Corps tactical
vehicles.
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Section 5.2 Focus Area

SURVIVABILITY AND MOBILITY

The Marine Corps’ future operating
environment will be increasingly complex and
marked by the proliferation of conventional
and unconventional threats. The solutions to
these threats need to be affordable, scalable,
and preferably take a system-of-systems
approach. In addition to these novel solutions,
maintaining and improving legacy vehicles’
capabilities is critical to the Marine Corps’
overall objectives. As an expeditionary force
that is concentrating its efforts on re-honing
its amphibious skills, the Marine Corps must
ensure that its current and future tactical
vehicle fleet is light, fast, easily transportable,
and survivable.

The PEO LS continues to collaborate closely
with the MCSC, MCCDC, ONR, and RDECOM,
among other agencies in efforts to address
the competing challenges of Survivability and
Mobility.

The Survivability and Mobility Focus Areas
introduce technologies that will enhance
mobility and survivability for both the Marines
and the vehicles. Survivability and Mobility are
addressed together as a combined S&T Focus
Area due to their symbiotic relationship.

5.2.1 Survivability consists of:
» 5.2.1.1 Autonomy
» 5.2.1.2 Fuel Containment/Fire Suppression
» 5.2.1.3 Safety

5.2.2 Mobility consists of:
» 5.2.2.1 Crew Visibility

» 5.2.2.2 Corrosion
» 5.2.2.3 Weight Reduction

5.2.1 Survivability
The Challenge

The design, development, production and
maintenance of survivable PEO LS vehicles are
complex engineering problems because the
system-of-systems architecture of the vehicles
themselves. Improving and maintaining legacy
vehicles remains a substantial challenge within
the PEO LS, especially in an environment where
affordability is as important as capability.

The solutions to these complex engineering
problems not only must be cost effective, but
it is required that the vehicle must provide

the mobility for the Marines to successfully
complete the mission.

Potential Solutions

DARPA Efforts

Soldier Protection Systems (SPS)

The DARPA SPS Program is developing and
demonstrating lightweight armor material
systems to defeat current and potential
ballistic and blast threats with performance
substantially better than today’s protective
armor systems. DARPA is focused on materials
and material systems that can control the
energy absorption and propagation of
ballistics or blasts. Guided by mechanics-
based modeling, new materials with superior
mechanical properties are being developed
and formulated into novel ballistic armor
systems. In addition, hierarchical structures
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that can achieve survivability against high-
intensity underbody blasts are being developed
to provide greatly enhanced protection to

the occupants of both tactical and combat
vehicles. These approaches aim to enable new
lightweight armor that can defeat a broad
spectrum of combined threats.

High-Assurance Cyber Military
Systems (HACMS)

The goal of the DARPA HACMS program is

to create technology for the construction of
high-assurance cyber-physical systems, where
high-assurance is defined to mean functionally
correct and satisfying appropriate safety

and security properties. Achieving this goal
requires a fundamentally different approach
from what the software community has taken
to date. Consequently, HACMS will adopt a
clean-slate, formal methods-based approach
to enable semi-automated code synthesis from
executable, formal specifications. In addition to
generating code, HACMS seeks a synthesizer
capable of producing a machine-checkable
proof that the generated code satisfies
functional specifications as well as security
and safety policies. A key technical challenge

is the development of techniques to ensure
that such proofs are composable, allowing the
construction of high-assurance systems out of
high-assurance components.

Ground X-Vehicle Technologies (GXV-T)

The trend of increasingly heavy, less mobile and
more expensive combat platforms has limited
Soldiers’ and Marines’ ability to rapidly deploy
and maneuver in theater and accomplish

their missions in varied and evolving threat
environments. Moreover, larger vehicles are
limited to roads, require more logistical support
and are more expensive to design, develop, field
and replace. The US military is now at a point
where—considering tactical mobility, strategic
mobility, survivability, and cost—innovative and
disruptive solutions are necessary to ensure the
operational viability of the next generation of
armored fighting vehicles.
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DARPA’s GXV-T program seeks to help
overcome these challenges and disrupt the
current trends in mechanized warfare. GXV-T
seeks to investigate revolutionary ground-
vehicle technologies that would simultaneously
improve the mobility and survivability of
vehicles through means other than adding
more armor, including avoiding detection,
engagement and hits by adversaries. This
improved mobility and warfighting capability
would enable future US ground forces to more
efficiently and cost-effectively tackle varied and
unpredictable combat situations.

Artist's Concept

Rapid Innovation Fund Efforts

Deployable Supplemental Buoyancy
and Egress Device (DSBED)

This program will design and prototype a
DSBED kit to facilitate /sustain personnel
urgent egress from a broken/malfunctioning
vehicle while in the water by adding buoyancy
to prevent the vehicle from sinkage during
urgent egress and recovery operation. The
DSBED kit shall be installed and tested by
Navatek, Ltd. on one selected AAV platform.
With some modification, this new developing
system/technology has the potential to be
adopted to other amphibious platform as well.

Cracked Armor Laminated
Patch Repair (CALPAR)

The purpose of this program is to perform
design and analysis of patch to reduce load
redistribution, repair-patch materials and
repair process, coupon and structural part
thermomechanical testing, ballistic V50
(cracks, patches) against AP and FSP threats,



field and depot level repair demonstration
to USMC, and provide a final report and
patch-repair procedures manual.

Small Business Innovation

Research (SBIR) Efforts

Advanced Sealant for Next-Generation
Transparent Armor Service Life (Phase 1)

The purpose of this program is to develop a
new potting compound used in Transparent
Armor (TA) to reduce the propensity of
delamination resulting in longer life and better
visibility to vehicle driver and occupants.

Extended Service Life of
Transparent Armor (Phase 1)

The purpose of this program is to develop,
advance, and demonstrate a transparent armor
durability model that can be used by the Marine
Corp and the TA industry base to provide
confidence that a laminate design meets or
exceeds the desired life. Further optimize Radio
Frequency lamination to reduced residual
stresses.

5.2.1.1 Autonomy

Autonomy is a combat multiplier that has the
potential to save lives by reducing the Marine’s
exposure to high-risk tasks. Increasingly,
unmanned ground vehicles (UGV) have been
developed to work in concert with manned
systems; the UGV augments the capability of
the Marine and diverts manpower that would
otherwise be required for logistics missions
toward more tactical roles.

The preeminent value of the UGV is the
standoff capability they afford to the Marine.
For that reason, they have found their niche

in route clearance and counter-improvised
explosive device operations, dealing with such
threats without putting anyone in the line of
fire. In addition, autonomous vehicles can free
up manpower from logistics missions, allowing
human resources to be taken advantage of
more efficiently.

The Challenge

The greatest struggle in the development

of UGVs is balancing autonomy with vehicle
performance. Current UGV’s are not truly
autonomous and need a remote human
operator to maneuver quickly and navigate
difficult terrain. Advancement in artificial
intelligence, scene analysis, and similar
developments will increasingly lighten the
burden placed on the operator. The UGV of the
future will be a ‘man-in-the-loop’ system where
a human provides oversight to a vehicle that
otherwise acts independently, or completely
‘man-out-of-the-loop’ system where the
vehicle can act in complete absence of human
input. This autonomous vehicle will need to
capture many of the other S&T Focus areas,
making this challenge even more complex.

Potential Solutions

ONR Efforts

Autonomous Amphibious Assault
Vehicle (A-AAV)

The Autonomous - Assault Amphibious Vehicle
(A-AAV) Project is aimed at developing and
demonstrating Assisted Teleoperation and
Autonomous transit capabilities and technology
on United States Marine Corps (USMC)

Assault Amphibious Vehicles (AAVs) in sea-to-
shore amphibious operations for "means and
methods" transition to a DoD POR.

Autonomous Logistics Operations
Family of Tools (ALOFT)

Study “enterprise-level” impacts of unmanned/
autonomous platforms to identify the most
efficient platform mixes - (cost, performance,
& risk) - across range of military operations
(ROMO). DoD is investing heavily in unmanned
and autonomous logistics systems in the
expectation these will deliver the required
capabilities. Most investment emphasize
“system-level” performance. Few study how
these systems will best work together. Future
sea-based Marine operations require more
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agility, precision and resilience to support
distributed operations over a much larger
battlefield.

Modular Autonomous Robotics System
(MARS): Collaborative and Adversarial
Behavior of Multiple Synthetic Agents

The purpose of this program is to provide
systems architect support for the MARS
program. Specifically, the contractor shall

» provide necessary program management
to ensure successful cost, technical and
schedule performance in accordance
with the contractor’s best practices,

» provide systems architecture support, and,

» investigate system architecture
modeling approaches and associated
tool sets and make a recommendation
for adoption on MARS program.

MARS: Deliberative Planing, Reactive
Control, Low-level Control

The Johns Hopkins University Applied Physics
Laboratory (JHU/APL) shall provide engineering
and testing in support of the "Maneuver/
Deliberative Planner," "Reactive Control," and
“Low-Level Control” technologies areas for the
Forlorn Hope program’s Technology Area 1:

Autonomy and Manned-Unmanned Teaming.

MARS: Systems Integration and Testing

SSC PAC is continuing development of the
amphibious autonomy capability utilizing the
Gibbs Quadski surrogate platforms.

SSC PAC has demonstrated the baseline
ground autonomy functioning properly on the
quadski and has demonstrated basic on-water
vehicle maneuver capability with the same
architecture.

A preliminary perception and inertial sensor
data collection has been performed in the
surfzone with 2-3' surf and that data is being
analyzed.

SSC PAC has drafted an initial strawman
autonomy architecture for the USAAC/
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MARS program as a starting point when the
contractors come on board.

MARS: Localization and Spatial
Orientation Sub-System Development

The purpose of the program is to enable
autonomous amphibious mission operations,
Charles River Analytics proposes to integrate
multiple localization, sensing, and processing
capabilities into a Localization and Perception
module to support Autonomous Amphibious
Robot Optimized Navigation (AARON).

The AARON Localization and Perception
module, which fits into the USAAC system
architecture will provide state-of-the-art
processing techniques to support effective
localization in open water, through the sea-
surf-shore interfaces, and inland in varied
operating conditions, including day, night, fog,
smoke, and precipitation. AARON will perform
localization (both with and without GPS)
onboard each vehicle using a variety of sensors
fused within a Robot Operating System (ROS)
framework.

MARS: Perception and World Model
Sub-System Development

The objective of this project is to engineer

a system that models the environment

via sensory input and provides mapping
information, which aids in the autonomy of
an amphibious vehicle. The final deliverable
for this project is the World Model software
stack that can be distributed across multiple
unmanned amphibious vehicle fleets.

MARS: Sensor and Perception
sub-system development

Leveraging substantial prior and ongoing
development in land and maritime autonomy,
and advancement of open, modular, and
extensible appliqué autonomy solutions, the
Neya Systems led team proposes to develop
and demonstrate Swarming Multi-Modal
Amphibious Robotic System (SMARS).With
partners drawn from industry this effort will
develop and deliver Perception and Wave
Modeling modules as part of the sensing and



computing hardware and autonomy software
to transform an amphibious platform into an
unmanned asset capable of performing diverse
missions in concert with other manned and
unmanned assets.

5.2.1.2 Fuel Containment/Fire
Suppression

The Challenge

Fuel Containment and Fire Suppression
technologies remain important to the PEO

LS Science and Technology representatives.
Addressing fires caused by accelerants and
Improvised Explosive Device (IEDs), accidental
fires caused by leaks or malfunctions, or
battle damage fires all present the same core
challenges: to increase the survivability of the
vehicle and its occupants.

5.2.1.3 Safety
The Challenge

Safety preserves personnel and equipment,
but safety considerations cannot contradict
the mission of the Marine Corps’ operational
objectives. Safety considerations include
vehicle stability, safety equipment that include
restraint harnesses, fire suppression, clear
fields of view, training, policy, procedures, and
lines of communication with the Warfighters.

5.2.2 Mobility
The Challenge

The Marine Corps is organized on the concept
of Expeditionary Maneuver Warfare and

relies on tactical flexibility and agility to
project strength against critical targets. The
mobility of its fighting force is therefore of
utmost importance. The challenge is to find an
affordable balance of payload, protection, and
performance that maximizes the effectiveness
of USMC vehicles.

Potential Solutions
ONR Efforts

Adaptive Morphing Materials (ADM)

The purpose of this program is to perform
applied research of polymeric materials and
fabrication methods.

Armored Reconnaissance Vehicle (ARV)

The purpose of this program is to execute,
and manage a robust S&T program to research
revolutionary technologies and demonstrate
the realm of the possible for the next
generation Armored Reconnaissance Vehicle.

Electrohydraulic Exoskeletons with Haptic
Sensation Powered/Cooled by “Robot Blood”

The purpose of this program is to research
novel energy storage approach where the
electrolyte is distributed throughout the
exoskeleton components in a human-like
circulatory fashion.

Extreme Power Internal Combustion Engine

The purpose of this program is to conduct
feasibility studies, combustion M&S, and
kinematic analyses of a Navy patented novel
rotary internal combustion engine concept
that affords high power and torque in a small,
lightweight, and fuel efficient package.

Fundamentals of Radiative Transfer
Modeling of Complex Sediments
with Variable Saturation Levels

This program is physics-based approach to
retrieving geotechnical parameters from
spectra to reduce the amount of empiricism
that currently exist in the derivation of surficial
sediment strength from hyperspectral imagery.

Predictive /Adaptive Mobility (PAM)

The purpose of this program is to predict
upcoming environment and terrain
characteristics and intelligently adapt to
optimize, mobility, agility, and safety.
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Trafficability and Mobility Analysis from
Remote Sensing

The purpose of this program is to use
remote sensing focused on terrain and soil
characteristics to generate the mobility
corridors from the Modified Combined
Obstacle Overlay to improve maneuver
planning in the littorals.

Unmanned Swarming Amphibious
Assault Craft (USAAC) Conceptual
Design and Technology Research

The purpose of this program is to generate and
test a prototype build.

SBIR Efforts

Lightweight Track Technology

The purpose of this program is Develop a
lightweight track product for land and water
mobility by using innovative materials, design,
and manufacturing processes to reduce
scheduling, manpower and time burden

while achieving increased cost efficiencies to
translate into lifecycle cost reductions. The
Marine Corps seeks a lightweight track product
design that provides enhanced water track and
land mobility through reduced weight, less
ground pressure, better traction and lateral
stability; reduced platform vibration, noise,
radar/acoustic signatures, weight, and rolling
resistance; improved track life and energy
efficiency; corrosion and maintenance-free
operations; and lower life cycle costs.

Lightweight Roadwheel Technology

The purpose of this program is to develop
aggressive lightweight road wheel technologies
applied to marine and on/off road complex
mission profiles for medium weight class
tracked platform. The approach can be

using innovative materials, design, and
manufacturing processes; reduce scheduling,
manpower, and time constraints; maximize
roadwheel commonality between different
tracked platforms; and achieve increased cost
efficiencies to translate into lifecycle cost
reductions.
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FCT Efforts

Improved Amphibious Tracks (IAT)

The use of novel materials and designs for IAT
are being tested with an objective to improve
overall performance of the Assault Amphibious
Vehicle Family of Vehicles (AAV-FoV). Advances
in rubber and composites, including the
addition of carbon nano-fiber materials, can
allow the IAT to provide a 2,000 Ib weight
savings, while improving fuel economy

(30%), reducing track noise (10 dB), and
reducing maintenance (3,000 miles between
maintenance actions).

5.2.2.1 Crew Visibility

On the battlefield, any number of factors,
both natural and manmade, can obscure the
crew’s ability to see. Despite the obstruction
of darkness, smoke, or weather, the crew
must maintain the ability to navigate, identify
vehicles, maneuver, and sustain situational
awareness. On the future battlefield, the
enemy will have increased access to night
vision devices, infrared surveillance, and other
tools to pierce the fog of war; it will be crucial
to maximize crew visibility to combat most
potential obstructions.

The Challenge

Paramount importance is given to crew
survivability but the cost, weight, and optical
limits of transparent armor can burden
vehicles with hindered visibility. Optimizing
visibility without sacrificing the safety of the
crew or imposing a heavy penalty on size,
weight, power, and cost presents a significant
technological challenge.

Potential Solutions

DARPA Efforts

Squad X Core Technologies (SXCT)

DARPA’s SXCT program aims to develop novel
technologies that could be integrated into
user-friendly systems that would extend squad
awareness and engagement capabilities without



imposing physical and cognitive burdens.

The goal is to speed the development of new,
lightweight, integrated systems that provide
infantry squads unprecedented awareness,
adaptability and flexibility in complex
environments, and enable dismounted Soldiers
and Marines to more intuitively understand and
control their complex mission environments.
SXCT plans to explore four key technical areas:

» Precision Engagement: Precisely engage
threats while maintaining compatibility
with infantry weapon systems and without
imposing weight or operational burdens
that would negatively affect mission
effectiveness. Capabilities of interest
include distributed, non-line-of-sight
targeting and guided munitions.

» Non-Kinetic Engagement: Disrupt enemy
command and control, communications
and use of unmanned assets at a squad-
relevant operational pace (walking with
occasional bursts of speed). Capabilities of
interest include disaggregated electronic
surveillance and coordinated effects from
distributed platforms.

» Squad Sensing: Detect potential threats
at a squad-relevant operational pace.
Capabilities of interest include multi-
source data fusion and autonomous threat
detection.

» Squad Autonomy: Increase squad members’
real-time knowledge of their own and
teammates’ locations in GPS-denied
environments through collaboration with
embedded unmanned air and ground
systems. Capabilities of interest include
robust collaboration between humans and
unmanned systems.

5.2.2.2 Corrosion

For the Marines who preserve and maintain
thousands of pieces of ground equipment in
often harsh saltwater environments, fighting
corrosion is uniquely challenging. To face

it, the Marine Corps has established an
extensive corrosion-prevention program for

all tactical ground equipment. The intent is to
reduce maintenance requirements and costs
through developing corrosion prevention and
control products, materials, technologies, and
processes.

The Challenge

The Marine Corps will identify and implement
anti-corrosion technologies to extend the
service-life of its existing fleet as well as
reduce required maintenance, and prolong the
operational viability of legacy systems.

5.2.2.3 Weight Reduction

Weight reduction extends the reach of the
Marine Corps vehicle fleet by improving fuel
efficiency, increasing the abil