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Executive Summary

This 2017 edition of the Program Executive Officer Land Systems (PEO LS) Advanced
Technology Investment Plan (ATIP) provides an update to 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 emphasizes our continued
commitment to “Focus the Future Faster” by leveraging available Science and Technology
(S&T) venues to provide gap-closing capabilities to the Warfighter.

The overarching focus of this plan is to support concept aligned, capability-based technology

transitions into Programs of Record (PORs). 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.

By developing and publishing this plan on an annual basis, PEO LS is committed to playing an
active role within the Three Circles framework that consists of the Combat Developer, S&T
Developer and Materiel Developer. The 2017 ATIP is an informative resource that highlights
the importance of this collaboration and provides critical insight into technology solutions to
program specific S&T challenges. 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.

(e D Girea

Andrew D. Bianca
Program Executive Officer
Land Systems Marine Corps, Acting
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This eighth edition of the ATIP identifies and prioritizes the Program’s Top Technical Issues
within PEO LS with the goal of informing, influencing, and aligning S&T investment to resolve
program technical issues and support transition of critical capabilities to the warfighter.

The ATIP serves as a guide to how industry/Warfare Centers can best support PEO LS Program
Managers and their associated technology needs.

Each Program’s Top Technical Issues were vetted through the appropriate S&T Representative,
Lead Engineer, Deputy Program Manager, and Program Manager to ensure an accurate
representation of their highest priority technology needs.

The PEO LS ATIP uses a repeatable process focused to inform all key stakeholders of Top
Technical Issues within PEO LS Programs with the goal of leveraging available S&T venues to
“Focus the Future Faster” for the warfighter.

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

As always, we welcome any comments or suggestions to improve the utility of this investment
plan. Please forward any suggestions or comments to me at michael.d.halloran@usmc.mil.

ichael D. Halloran
Director, Science & Technology
Program Executive Officer Land Systems
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INTRODUCTION

“We must capitalize on innovation that realizes how to leverage the
capabilities of all new systems ....at a pace that maintains the advantage
over our adversaries.”

—General Robert B. Neller, 37th Commandant of the U.S. Marine Corps

In this eighth edition of the Program Executive
Officer Land Systems (PEO LS) Advanced
Technology Investment Plan (ATIP), the top
technical issues for each program are identified
and prioritized within the organization. The
goal of this ATIP is to inform, influence and
align Science and Technology investments

to help resolve technical issues, transition
advanced technology and to bring greater
capability to the warfighter as rapidly as
possible. The methodology used to develop the
ATIP is the focused and repeatable Concept

to Capability process (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 this process is stakeholder engagement
within the S&T enterprise, industry, and
academia. The concept developer must
understand the ‘realm of the possible’

when it comes to developing concepts and
requirements. Once developed, requirements
become the backbone of program capabilities.
Together, these efforts support the ultimate
transition of critical and affordable capabilities
to the warfighter.

This year’s ATIP theme is Autonomy. The
Commandants Planning Guidance 2015,
written by the former Commandant, General
Joseph F. Dunford Jr, and amended in FRAGO
01/2016, Advanced to Contact, by the current

Commandant, General Robert B. Neller, clearly
states that the Marine Corps will pursue
technologies that enhance our warfighting
capabilities through Manned Unmanned
Teaming (MUMT), such as unmanned

aerial systems (UAS) and robotics, artificial
intelligence, and autonomous technologies that
provide tactical and operational advantage.
PEO LS is looking for innovative solutions and
game-changing technologies that will empower
our Marine Corps to be dominant in defending
our nation on the future battlefields.

Published annually, the PEO LS ATIP is much
more than an information source for the

PEO LS technology efforts. It is a catalyst for
opening communication and collaboration
between “3 Circle” partners (Combat Developer,
Materiel Developer, and the S&T Developer)
and to other DoD and Non-DoD organizations.
This year’s ATIP was developed in direct
collaboration with the Office of Naval Research
(ONR), Army Tank Automotive Research,
Development and Engineering Center
(TARDEC), Defense Advanced Research Projects
Agency (DARPA), Marine Corps Warfighting

Lab (MCWL), Naval Warfare Centers 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 DoD to propose solutions that might
otherwise be missed.
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As today’s fiscally austere budgets continue to
decrease, 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 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 are advertised
in the ATIP to alert and assist industry and
government regarding the S&T needs of
major ACAT programs within PEO LS.

2. Resolving capability gaps and technical
issues by identifying and publishing the
technical challenges, PEO LS is delivering
input and assistance to the S&T enterprise,
industry, and academia.

3. Informing, influencing, and aligning S&T
investment by identifying the S&T needs
of PEO LS and supporting the technology
insertion and transition into Programs of
Record.

The overall technology requirements for PEO
LS programs remain consistent from previous
years and are as follows:

» Reliable and efficient electrical power
generation to supply energy for our modern
force.

» Increased survivability while maintaining
mobility.

» Government-owned and operated
modeling and simulation capability that can
accurately predict cost and performance of
systems.

» Open plug-and-play communications
architecture in Marine Corps vehicles.

2| 2017 PEO LS Advanced Technology Investment Plan

PEO LS Organization

Program Executive Officer Land Systems—
located at historic Hospital Point, Building 2210,
Marine Corps Base Quantico, Virginia—is the
Corps'’ first Program Executive Office. PEO LS
is a separate command that reports directly

to the Assistant Secretary of the Navy for
Research Development and Acquisition (ASN
(RDA)). PEO Land Systems’ integral relationship
with the Marine Corps Systems Command
(MCSC) leverages infrastructure, competencies,
and technical authority. The mission of PEO

LS is to meet warfighter needs by devoting
full-time attention to Marines Corps weapon
systems acquisition, while partnering with
MCSC to develop, deliver, and provide life-
cycle planning for all assigned programs.

Figure 1-1illustrates the current organization
of Program Executive Officer Land Systems.

PEO LS is responsible for managing multiple
Acquisition Category (ACAT) L, II, Il & IV
programs, which are critical to the support
of the warfighter. These programs include:
the Marine Corps’ #1 ground program, the
Amphibious Combat Vehicle (ACV); the
Assault Amphibious Vehicle (AAV7Al); the
Joint Light Tactical Vehicle (JLTV); the Mine
Resistant Ambush Protected (MRAP) family
of vehicles; the Common Aviation Command
and Control System (CAC2S); the Ground
Based Air Defense (GBAD); the Ground/

Air Task Oriented Radar (G/ATOR); the
Lightweight 155 M777 Howitzer; the Medium
Tactical Vehicle Replacement (MTVR); and
the Logistics Vehicle System Replacement
(LVSR). The monetary value of these programs
across the Future Years Defense Program
(FYDP) is approximately $8 billion.



Figure 1-1. Program Executive Officer Land Systems Organization
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S&T COLLABORATION AND

Concept-to-Capability Process

The Concept-to-Capability process,

depicted in Figure 2-1, provides the Program
Executive Officer Land Systems (PEO LS)

with a focused and repeatable process that
has proven essential for facilitating effective
interaction with Science and Technology (S&T)
stakeholders within the S&T Community.

The PEO LS 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

ENGAGEMENT

Campaign Plan, and the Commandants
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 MAGTF

load, and reducing the MAGTF footprint.

Figure 2-1. PEO LS 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 as well as 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 (PPBE) process. Once a matching
requirement/S&T initiative capable of
lessening the effect on a Marine Corps gap,
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 Three 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 Program of Record (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| 2017 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 and 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, the 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 USMC S&T

Commanding General (CG), Marine Corps
Combat Development Command (MCCDC)
tasked the Director, Futures Directorate/
CG, Marine Corps Warfighting Laboratory
(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 USMC
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 roundtables

to identify USMC S&T requirements.

Science and Technology

Within DoD, Science and Technology 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 USMC 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 has a unique and pivotal role in
the S&T process within the Three Circle S&T
Community. 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 as depicted
in Figure 2-2 on the following page.

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 USMC 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 Three Circle relationship
is depicted in Figure 2-3 on the following page.
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A Collaborative, Synergistic Partnership

From Concept to Capability

Find the deltas between gaps and warfighter capabilities
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Figure 2-2. A Collaborative, Synergetic Partnership from Concept to Capability
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Figure 2-3. The 3 Circle S&T Community
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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&I receives the Commandant’s
guidance, develops Marine Corps warfighting
concepts, and determines required
capabilities to enable the Marine Corps to
field combat-ready and relevant forces.

» Director, Capabilities Development
Directorate develops warfighting
capabilities and requirements. The Director,
Capabilities Development Directorate
accomplishes this through the Marine Corps
Capability Based Assessment (MC CBA)
resulting in the Marine Corps Enterprise
Integration Plan (MCEIP). The MCEIP is
produced annually, is approved by the
Marine Requirements Oversight Council
(MROC), and signed by the Assistant
Commandant of the Marine Corps (ACMC).
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 Marine Corps Capabilities List
(MCCL), which are prioritized and measured
against MROC approved scenarios, guidance
and event task, condition and standards. The
gaps in the MCCL are identified and further
prioritized to create the Marine Corps Gap
List (MCGL), which feeds in to 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 (DOTMLPF-P) pillars with
identified actions, to include initiatives that
implement the solutions. Formulation of the
Enterprise Capabilities Management Plan
(ECMP), which 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 Science and Technology
Integration is tasked with implementing
the Director, Futures Directorate /CG,
MCWL S&T responsibility as the USMC
Commandant’s EA for S&T. OSTI coordinates
S&T within the combat development life
cycle from ‘requirement to transition’
Through coordination with the Three
Circle S&T Community, OSTI develops the
vision, policies, and strategies needed to
exploit scientific research and technical
development. A Defense Advanced Research
Projects Agency (DARPA) Transition Officer
is assigned to OSTI to stay abreast of
DARPA’s ongoing efforts and to ensure
MCWLs ability to incorporate relevant
technologies into future experimentation.
OSTI provides technical oversight of
proposals submitted to 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 U.S. Marine Corps
S&T Strategic Plan. Within the U.S. Marine
Corps S&T Strategic Plan are S&T Objectives
(STO), which are products of the MC CBA

2017 PEO LS Advanced Technology Investment Plan | 9



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, procuring and fielding

the required operational capability.

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

10 | 2017 PEO LS Advanced Technology Investment Plan

Director, Futures Directorate /CG, MCWL
also serves as the Vice Chief Naval Research
(VCNR). The below listed organizations

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.

» Expeditionary Maneuver Warfare &
Combating Terrorism Department (Code
30), one of ONR’s S&T departments,
develops and transitions technologies to
enable the Navy-Marine Corps team to win
and survive on the battlefield both today
and tomorrow. In addition to supporting
the Marine Corps, Code 30 also supports
the Marine Corps Special Operations
Command (MARSOC), Naval Special
Warfare Command (NSWC), and Navy
Expeditionary Combat Command (NECC).

Other S&T Stakeholders

» DARPA’s singular and enduring mission is to
make pivotal investments in breakthrough
technologies for national security. DARPA
explicitly reaches for transformational
change instead of incremental advances by
working within their innovation ecosystem
that includes academic, corporate and
governmental partners. DARPA’s scientific
investigations range from laboratory
efforts to creation of full-scale technology
demonstrations in the fields of biology,
medicine, computer science, chemistry,
physics, engineering, mathematics, materiel



sciences, social sciences, neurosciences,
and more. As the DoD’s primary innovation
engine, DARPA undertakes projects that are
finite in duration but that create lasting,
revolutionary change. The Marine Corps
maintains awareness of DARPA's initiatives
by assigning a Marine Corps Operational
Liaison to DARPA and assigning a DARPA
Transition Officer to MCWL (OSTI).

» Tank Automotive Research, Development
and Engineering Center (TARDEC)
develops, integrates, and sustains the
right 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 our 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 the majority of the DoD’s
S&T investment, some service-specific
investments are not included in these
groups. COIs were established in 2009

as a means to encourage multi-agency
coordination and collaboration in cross-
cutting technology focus areas with

broad multiple-component investment.
COlIs provide a forum for coordinating
S&T strategies across the DoD, sharing
new ideas, technical directions and
technology opportunities, jointly planning
programs, measuring technical progress,
and reporting on the general state of
health for specific technology areas. The
COI that PEO LS is most interested 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:

O Maintainability/Sustainability: S&T
that reduces life-cycle cost, reduces

DOMMUN “ H
Advanced ) Biomedical Command, Cantrol,
Electroni Air Platforms Autonomy (ASBREM) Comms, Computers, CounterlED
and Intelligance (C41)
Engineered
" Energy & Power s Ground & Sea
CounterWMD Cyber Electronic Warfars Technologies Resilient Biaeic
Systems
Materials & We
Human Systems Manufacturing Sensors Space Technologies
Processes

Figure 2-4. Communities of Interest
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logistics burden, increases reliability,
and provides timely support of

ground and sea platforms. Areas of
research include structural health
monitoring, sustainment analysis tools,
networked sustainment command

and control, and high-reliability
structures and components.

O 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.

O 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.

O Survivability: S&T that provides
protection to ground and sea platforms
and their occupants, while maintaining
and enhancing 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.

O Autonomy: S&T that enables
autonomous systems, to include
the strategic assessment of the
challenges, gaps, and opportunities to
the development and advancement of

12| 2017 PEO LS Advanced Technology Investment Plan

autonomous system, and identification
of potential investments to advance

or initiate critical enabling technology
development. The Autonomy COI
areas of research include Machine
Perception, Reasoning and Intelligence
(MPRI); Human/Autonomous Systems
Interaction and Collaboration (HASIC);
Scalable Teaming of Autonomous
Systems (STAS); and Test, Evaluation,
Validation, and Verification (TEVV).

O 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 research and
development (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 (NSWCs):

Part of the Naval Sea Systems Command
(NAVSEA) 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
Research, Development, Test and Evaluation
(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. NSWC consists
of nine sites or locations (Section 6
provides a detailed description regarding
each of the following Warfare Centers):

O Carderock Division of the Naval Surface
Warfare Center, Maryland

O Naval Surface Warfare Center
Crane Division, Indiana

O Naval Surface Warfare Center
Dahlgren Division, Virginia

O Naval Surface Warfare Center
Dam Neck, Virginia

O Naval Surface Warfare Center,
Indian Head Explosive Ordnance
Disposal Technology Division,
Indian Head, Maryland

O Naval Surface Warfare Center
Panama City, Florida

O Philadelphia Division of the
Naval Surface Warfare Center,
Pennsylvania

O Naval Surface Warfare Center
Port Hueneme, California

O Naval Surface Warfare Center
Corona, California

» 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

(JNLWD) was established in 1996 with
the Commandant of the Marine Corps
(CMC) as the DoD Non-Lethal Weapon
(NLW) Executive Agent. Non-lethal
weapons provide warfighters with
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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 Non-Lethal
Weapons Program (JNLWP) to lead the
Joint Force in conducting R&D to enable
“an integrated NLW competency.” The
JNLWP 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 linkage between DoD S&T/R&D and
Industry/Academia. It provides a centralized
resource for DoD’s Acquisition/Science and
Technology 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/Events
to better inform Independent Research and
Development (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.
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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 2017 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.

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.



Figure 2-5. The Defense Innovation Marketplace Homepage
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FUTURES

“Everything changes so fast and the rules are against us... But I am
confident enough in the intellect and advice, that we will come up with
the right solution, even if it is only 80 percent. If we do nothing, we lose.
am willing to take risk.”

—General Robert B. Neller, 37th Commandant of the Marine Corps CMC,
Innovation Symposium 23 February 2016

Introduction

The Marine Corps’ 2015 Force Development
Strategic Plan stated that the Marine

Corps must innovate and adapt to a fast,
unpredictable moving future to remain
ahead of our adversaries. The Commandant
reinforced these ideas when he spoke

at the Marine Corps Warfighting Lab’s
Innovation Symposium stating,

“The system is broken. The Pentagon can’t fix
itself, let alone these emerging issues. There are
an increasing number of hot spots around the
world; no two are alike, and the circumstances
are ever changing and increasingly complex.
Technologies that could help have often evolved
before older technologies are even fielded.”

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 recent guidance documents have

proven to be especially impactful in this

effort. In November 2014, 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 Department of
Defense expects to realize over the coming
years by pursuing developments in advanced
technologies, conducting experimentation with
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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.

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 recently conducted
wargames designed to examine aspects of

the Marine Corps’ new Expeditionary Force

18 | 2017 PEO LS Advanced Technology Investment Plan

21 (EF 21) capstone concept, which included:
Ground Warrior 2015, Expeditionary Advanced
Base Operations 2015, and MAGTF Warrior
2016 wargames. These efforts also assist in
mitigating future risks by providing well-
researched areas for focused 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
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Identify future challenges and opportunities, develop
warfighting concepts, and comprahensively explore
options in order to inform the combat development
process to meet the challenges of the future operating
endaronment.

Figure 3-1. Futures Directorate Organizational Chart
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Environments (FSEs)
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expected future while preparing for other plausible futures.

Figure 3-2. Assessments of Plausible Future Security Environments (FSEs)
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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 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 SET 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 2014).

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

» 36th Commandant’s Planning
Guidance 2015.

» Wargaming and Innovation (Deputy
Secretary of Defense memo, 2015).
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» The National Military Strategy of the
United States of America 2015 (NMS).

» Naval SET Strategy: Innovations for
the Future Force (ONR 2015).

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

» 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.



“The future requires Marines to embrace change to leverage the rapid
advancements in technology at the pace of the 21st Century in order to
gain an operational advantage over any potential adversary we may face
in the future.”

—General Robert B. Neller,
37th Commandant of the Marine Corps CMC PB17 Posture Written Testimony

» 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

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 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 the 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. Drs. 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 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.
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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”

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’s wireless-
radio technology in the 1890s, autonomous
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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. 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. Drone warfare is merely

the leading edge of a broader worldwide
trend toward more autonomous methods of
warfighting. Evidence of this trend can be
seen in 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 which are just
a few examples of the versatility that these
automated systems provide. 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. 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 S2
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

Utility System (AACUS), an Innovative Naval
Prototype, have shown a progression from
pre-programming and remote control to
autonomous functionality. 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.
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» 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.

3.1.1 Manned-Unmanned
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
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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
anti-access/area denial (A2 /AD) environment.



3.1.2 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:

» 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.

3.2 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)
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“The proliferation of low cost, tactical unmanned aerial systems demand
we think about this potential threat now... We must understand the
threat these systems present to our joint force and develop the tactics,
techniques, and procedures to counter the problem.”

—General James Mattis,
USMC (Ret)

» Artificial Intelligence/Deep Learning

» Condition Based Maintenance (CBM)

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
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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
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.

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.

ANN s 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 Al's ability to handle/analyze large volumes
of decision support data, typically more than
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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
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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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TOP TECHNICAL ISSUES

The identification and prioritization of
Program Executive Officer Land Systems

(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 Science and
Technology (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 resolve each program
technical issue (see Figure 4-1).

This process assists S&T representatives from
all PEO LS programs to work through the

Figure 4-1. PEO LS Technical Issues to Capability “Roll-Up”
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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

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.

valuable not only in identifying individual

program technical cross-cutting issues, but
also in identifying technology issues that are

Figure 4-2 identifies the Top Technical
Issues of each PEO LS Program.

PEO LS Programs’ Top Technical Issue Roll-Up

Program

Assault Amphibious Vehicle (AAV)

Technical Issues

» Survivability
» Weight/Buoyancy Management
» Reliability/Sustainment

Amphibious Combat Vehicle Phase 1
Increment 1 (ACV 1.1)

» Survivability
» Weight
» Crew Visibility

Common Aviation Command & Control
System (CAC2S)

» Bandwidth Efficient Radar Measurement Data Distribution

» Bandwidth Efficient Networked Voice Communications Vehicles
» Cross Domain Security Solutions

» Small Form Factor CAC2S

» Contextual Search Engines

Ground Based Air Defense (GBAD)

» Counter Unmanned Aircraft System (UAS)
» Stinger Night Sight Replacement

Ground /Air Task Oriented Radar (G/ATOR)

» Lowering Manufacturing Costs
» Increased Dynamic Range
» Advanced Electronic Protection

Joint Light Tactical Vehicle (JLTV)

» Weight/Protection
» Vehicle Network

» JLTV-Close Combat Weapons Carrier (CCWC) Missile Reloading
Improvements

Logistics Vehicle Systems Replacement
(LVSR)

» Fuel Consumption
» Increased Survivability
» Safety

Medium Tactical Vehicle Replacement
(MTVR)

» Fuel Consumption
» Increased Survivability
» Safety

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

» Stress cracks in welded construction and monolithic hulls both
using high hard steel

» Transparent Armor

» Reduction in occupant accelerations with minimal stroke distance
availability

Lightweight 155mm Howitzer (LW 155)

» Navigation in a GPS Denied Environment

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

» Secure Wireless: Ruggedized/Low Energy

Figure 4-2. PEO LS Programs’ Top Technical Issue Roll-Up
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PEO LS S&T FOCUS AREAS

Program Executive Officer Land Systems

(PEO LS) Science and Technology (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,

S&T investments, and support 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 Marine Air-Ground
Task Force (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.
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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, as well as other
areas on the platform to maintain equipment
and crew comfort. Ideally, an effective power/
thermal management system will improve
electrical system efficiency and improve

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

5.2 Survivability and Mobility. Survivability
(5.2.1) consists of Fuel Containment/Fire
Suppression and Safety; Mobility (5.2.2) consists
of Crew Visibility, Corrosion, Autonomy 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.

5.2.1.1 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.

5.2.1.2 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.

5.2.2.1 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 and 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 Autonomy. These technologies provide
full autonomous capabilities and separate the
warfighter from potentially hazardous missions,
while providing increased efficiency and
economy of force.

5.2.2.4 Weight Reduction. This area develops
modular, scalable, lightweight, and affordable
components/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/technology trade-offs for
tactical wheeled vehicles. These trade-offs will
address performance, payload, crew protection,
lifecycle costs, survivability, reliability,
availability, and maintainability.

5.4 Open Plug-and-Play Communications
Architecture. This technology focuses on

the development of an affordable, scalable,
and operationally flexible Command, Control,
Communications, Computers, Intelligence,
Surveillance, and Reconnaissance architecture
for use on new and legacy platforms.



POWER AND ENERGY

PEO LS continues to address the challenge
of increasing energy and fuel efficiency of
Marine Corps vehicles. As the vehicles today
are being equipped with a greater number

of electronic devices, there is an increase

in the demand for onboard power. Vehicle
dependence on a common towable power
generator only adds to the logistics burden
and increases fuel consumption. The benefits
of optimizing energy and fuel efficiency are:

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

» 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 they use.

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.

PEO LS is actively engaged with other
agencies and technology partners to address
the Marine Corps’ current and future power
and energy challenges. Working with ONR,
MCSC, US Army Research Development and
Engineering Command, Tank and Automotive
Research, Development and Engineering Center
(TARDEC), as well as various industry partners,
PEO LS S&T representatives continually 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
MAGTTF to travel lighter (and farther) with
less fuel. The existing tactical vehicle fleet
and associated fossil-fuel-consuming end
items will be in the Marine Corps inventory
for quite some time. Multiple 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,
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
PEO LS Efforts

Fuel Efficient Medium Tactical Vehicle
Replacement (MTVR)
This effort (a result of a Future Naval
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MTVRs operating in Southwest Asia

Capability) will develop, optimize, integrate,
and demonstrate at least a 15% fuel efficiency
improvement beyond the existing MTVR and
across a set of driving cycles representative of
likely operational conditions, while maintaining
MTVR affordability, current mobility,
transportability, and survivability capabilities.

ONR Efforts

Extreme Power Internal

Combustion (EPIC) Engine

This program will conduct feasibility studies,
combustion modeling and simulation, and
kinematic analyses of a Navy-patented novel
rotary internal combustion engine concept
that provides high power and torque in a
small, lightweight, and fuel-efficient package.

Future Naval Capability (FNC) - ACV
1.X Mobility Enhancements
This FNC project will develop, optimize,
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integrate, and demonstrate a fuel efficiency
improvement beyond the current ACV platform
across a set of driving cycles representative of
likely operational conditions, while maintaining
affordability, mobility, transportability, and
survivability capabilities. Additionally, the

ACV 1.X Fuel Efficient Technology Suite will
decrease the fuel consumption of ACV 1.2/1.3
by at least 10% through addressing engine and
drive train losses while moving and at idle.

TARDEC Efforts

Advanced Combat Engine

The intent is to design and develop a novel
1000hp Military engine to meet mobility needs
for combat vehicles. To meet the Army’s need
for enhanced protection and fuel efficiency,
high power engines (750 - 1500 hp) are needed
to offset increasing combat vehicle weights
(armor), increased electrical generation needs
(onboard and exportable power), improved fuel



economy (cost & range), enhanced mobility
(survivability), and reduced cooling system
burden (size, heat rejection) in a smaller
package (reduce under armor volumes).

Advanced Combat Transmission

This is the development of a high efficient
cross-drive transmission for a track vehicle
mated to a 1000hp high power dense engine
while offering greater fuel economy (1 10-15%),
improved thermal efficiency (1 15%), and lower
heat rejection (Vv 20%) for use in future combat
vehicles and demonstrated in the CVP platform.

Alternative Fuels Qualification

This project will determine jet fuel
specification /purchase requirements
needed for approval of alternative jet fuels
(ATJ, DSH, CH, AJF) as military ground
fuel that enables DLA-Energy to source
these fuels when they are commercially
available at cost-competitive prices.

Energy Efficient Hydraulic Fluids

This effort will reduce energy (fuel)
consumption in CE/MHE equipment by
developing an energy efficient hydraulic fluid
formulation and hydraulic fluid efficiency
models. The EEHF requirements will be
documented in a performance specification
with qualified products for DLA-Aviation to
purchase. Project will verify hydraulic fluid
efficiency models developed for CE/MHE to
further understand the efficiency gains that can
be attributed to hydraulic fluid formulations.
Efficiency testing will be conducted via
laboratory rig and vehicle level testing.

Fuel Cell In-House

This will maintain and strengthen in-house
technical knowledge and competencies
through hardware testing, system integrations,
collaborations with industry, government

and academia and managing technical
research efforts that push the state of the art
and reduce system cost and complexity.

Fuel Quality Surveillance

The petroleum fuel handlers at all levels

(to include Petroleum Groups and Theater
and Divisional Sustainment Brigades, and
Brigade Support Battalions) lack the ability
to rapidly verify the suitability for use of
petroleum products prior to issuing. This
effort will also develop algorithms and mature
technologies that will provide a fuels quality
surveillance in minutes. Technologies to be
investigated include: Light obscuration, light
scattering, and ultrasound for contaminate;
and Near Infrared Spectrometry for

the portable fuel property monitor.

Small Business Innovation
Research (SBIR) Efforts

Fuel Efficiency Improvements for

Amphibious Vehicles (Phase I)

The program will develop concepts for fuel
efficiency improvements including an estimate
of reduced consumption/increased operation
time and /or distance for an ACV 1.1 notional
vehicle. During the initial phase, the objectives
are to demonstrate the feasibility of the
concepts in meeting Marine Corps needs and to
establish what concepts can be developed into a
useful product for the Marine Corps. Feasibility
will initially be established by material testing
and analytical modeling, as appropriate.

These efforts investigate four possible
approaches to improve the fuel efficiency
of the ACV system. One approach is energy
scavenging technology to maximize the
energy obtained from the fuel burned.
Second, intelligent mobility technology is
being developed to enable the system to
self-tune powertrain performance based
on the environment in which the system is
operating. Third, auxiliary load optimization
is being explored to minimize auxiliary
component sizing and load on the engine.
Finally, weight reduction technologies

are being developed to reduce the overall
weight and load on the powertrain across
the system’s operational range.
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Variable Speed Accessory Drives (Phase II)
This Phase II research project will develop a
variable ratio cooling fan drive for the MTVR.
The MTVR currently uses a clutch-style fan
drive operated with air pressure. It is believed
that the fuel economy of the MTVR can be
improved by implementing a variable ratio
cooling fan drive and controlling the cooling fan
speed as a function of coolant temperature.

RIF Efforts

Amphibious Combat Vehicle Fuel

Efficiency Improvement

This effort will address the more than 10%
reduction in fuel consumption during the
expected ACV driving cycle. The project’s major
activities are to fabricate retrofit kits for two
ACV engine types, conduct dynamometer and
durability testing, and to provide the retrofit
kits to the Marine Corps for field testing.

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; hotel services; and heating,
ventilation, and air conditioning systems in an
adaptive operational environment. Thermal
management of electronics is vital to the
successful tactical operation of a variety of
military electronic systems. Vehicle thermal
management is important as it can reduce
thermal loads, efficiently remove heat, reuse
waste heat, and integrate systems within the
vehicle. This effort can improve operational
effectiveness and have a reduced energy
load. It also can extend vehicle operations
and result in efficient electric generation
and consumption. Managing the vehicle’s
various thermal loads and supplies can
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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.

Potential Solutions
SBIR Efforts

Lightweight Vehicle Exhaust for

Amphibious Vehicles (Phase II)

A major challenge facing designers of exhaust
and thermal management systems is the

need for increased exhaust transport, heat
transfer and dissipation capability, while
reducing weight penalties and improving
component lifecycle. Currently, the demand
for increased exhaust and heat removal in
military vehicles is surpassing the performance
limits of conventional exhaust and thermal
management systems. This is because updated
military vehicles include additional armor
protection, sensors, firepower, and other
advanced capabilities that have added weight
and higher performance requirements onto
the system components. The Marine Corps
experienced exhaust system challenges on
the Expeditionary Fighting Vehicle (EFV). The
aluminum and composite design developed to
meet the exhaust requirements of the 2800
hp diesel engine performed poorly and came
at a substantial weight and cost penalty.

As the USMC begins to look at future
amphibious assault vehicle (AAV) designs,

it is seeking to develop a light-weight,
lower-cost vehicle exhaust system that can
withstand the repeated heating /cooling cycles
under exposure to the aggressive saltwater
environment, while minimizing the transfer
of heat from engine exhaust to the external
surface of the vehicle for improved personnel
safety and reduced thermal signature. This
program proposes to achieve these objectives



using an exhaust system concept based on
a composite wall construction, where each
material used in the composite design is
selected to perform a specific function. This
approach offers the most flexibility with
respect to the overall design of the exhaust
system, providing multiple ways to address
the demanding thermal, structural, and
environmental performance requirements.

TARDEC Efforts

Advanced Li-Ion Modular Batteries

This effort will apply recent commercial
advances in Lithium-ion based anode, cathode,
electrolyte and separator battery materials

to electrode, cell, and military specific pack
designs to significantly increase energy density
vs. lead acid battery baseline from 36Whr/

kg to >160Whr/kg while increasing power
density by >50% and increase operating
temperature range for the Li-ion batteries
from (-20°C to +50°C) to (-46°C to +71°C).

Advanced Thermal Management System
The intent is to leverage current investments
in combat vehicle cooling technologies to
develop, mature and integrate an efficient
and effective cooling system for CVP. Also
optimize cooling system reducing parasitic
power in all modes of vehicle operation for
more range & mobility as well as mature
advanced technologies into integrated thermal
solutions while enhancing performance,
decreasing weight, and minimizing cost.

Advanced Vehicle Power Technology Alliance
This will develop advanced technologies

that enable military ground vehicles to
become significantly more energy efficient.
This effort will also collaborate with the

U.S. Department of Energy to demonstrate
technologies in: advanced combustion engines
and transmissions; lightweight structures

and materials; energy recovery and thermal
management; alternative fuels and lubricants;
hybrid propulsion systems; batteries and
energy storage; and analytical tools.

Extended Life Coolants

This project will research and evaluate
extended life coolants (ELC) to determine
their compatibility to military ground systems
without degradations in performance and
durability (i.e. that thermal efficiency is

not compromised and that new additive
technologies in ELC do not cause corrosion
in legacy ground systems). The use of ELC
can reduce operation and maintenance

costs by increasing the intervals between
drain and refill (potentially three years plus)
as compared to the coolants in use today.
This project will complement the current
work being funded by the Defense Logistics
Agency (DLA) on the investigation of the
current life of CID-approved coolants and
the properties of ELC when mixed with CID-
approved coolants to evaluate compatibilities.
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SURVIVABILITY AND MOBILITY

The Marine Corps will operate in an
increasingly complex and uncertain future.
Future conflict will be marked by chaos and
the proliferation of a variety of threats both
conventional and unconventional. The Marine
Corps’ counter to those threats must be
affordable, scalable and a systems-of-systems
approach in order to be realized. Improvised
Explosive Device (IEDs) will continue to be

a challenge in the future battlespace where
Marines fight. As an expeditionary force that
is concentrating its efforts on re-honing
their amphibious skills, the Marine Corps
must ensure its tactical vehicle fleet is light,
fast, easily transportable and survivable.

In addition, maintaining legacy vehicles and
increasing their capability is a challenge,
especially in an environment where
affordability is crucial. One way to keep
development costs low is to use simulation-
based design tools that predict performance,
survivability and reliability of systems.

Program Executive Officer (PEO) Land
Systems (LS) continues to collaborate closely
with Marine Corps Systems Command
(MCSC), Marine Corps Warfighting

Lab (MCWL), Marine Corps Combat
Development Command, Office of Naval
Research (ONR), Research Development
and Engineering Command (RDECOM),
Tank Automotive Research, Development,
and Engineering Center (TARDEC), and
other agencies to address the competing
challenges of Survivability and Mobility.

The Survivability and Mobility focus area
consists of technologies that increase
survivability of both the Marines and
vehicles. The two are addressed as a

combined S&T Focus Area since what affects
one often directly affects the other.

5.2.1 Survivability consists of:

» 5.2.1.1 Fuel Containment/Fire Suppression
» 5.2.1.2 Safety

5.2.2 Mobility consists of:
» 5.2.2.1 Crew Visibility

» 5.2.2.2 Corrosion
» 5.2.2.3 Autonomy
» 5.2.2.4 Weight Reduction

5.2.1 Survivability
The Challenge

The design, development and production of
survivable vehicles that adequately protect
our warfighters is a highly complex system-
of-systems engineering problem. Maintaining
legacy vehicles while increasing their
capability remains a challenge, especially

in an environment where affordability is

as important as capability. Additionally,
while maintaining survivability, the vehicles
must provide the required mobility for

the Marine Corps to successfully conduct
expeditionary/amphibious operations.

Potential Solutions
PEO LS Efforts

Ground Based Air Defense On the Move
(GBAD OTM)

This FNC will demonstrate the capability
of a rugged expeditionary high energy
laser demonstrator cued by a radar capable
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of detecting low radar cross section
threats and performing hard kills of
unmanned aerial system (UAS) to prevent
reconnaissance, surveillance, targeting
and acquisition of expeditionary forces.

The Warfighting Payoff:
» Track & engage at greater distances.

» Low cost per engagement.

» On-the-move detection capability
to enable maneuver.

» Much lower cost per engagement
vs. kinetic weapons.

ONR Efforts

Technologies for Lightweight, Low

Profile Active Protection System (APS)

This effort will investigate technologies to
advance the state-of-the-science active
protection system applicable to vehicles and
watercraft for defeat of air-delivered chemical
energy threats with minimal fratricide.

Active Protection Technology

The Active Protection Technology initiative
investigates novel countermeasures to defeat
Rocket Propelled Grenades (RPGs) and Anti-
Tank Guided Missiles (ATGMs) inflight.

Lightweight Armor Applications/
Integration

This project will investigate applications of
carbon nanotubes (CNTs) in high strain rate
using lessons learned from the 6.2 Program
for application in hard-armor systems.

Next Generation Lightweight Armor

This effort will investigate methods for
inexpensive formation of ceramics (SiC),
develop mesostructure mechanical
property relationships for CNTs to guide
material development, and improve
processing methods for ultrahigh strength
and stiffness CNT yarn and tape.
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Detection Avoidance Material

and M&S Development

This initiative will examine materials and
develop improved M&S for advanced
camouflage application. It leverages funds from
the Army Research Laboratory (ARL) and the
Defense Advanced Research Project Agency
(DARPA) on the development of a capability

to evaluate performance of new materials.

Detection Avoidance Technologies
This ONR effort continues development
of advanced technologies to

reduce vehicle signature.

Directed Energy Weapons Mitigation

This study will investigate Directed Energy
Weapons (DEW) threats and develop
countermeasure technologies among three
mechanisms: obscuration, reduce probability of
EM coupling, and EM reflective surfaces. It will
leverage Navy experience and ARL/TARDEC
investments for mitigation of DEW effects on
Marine Corps platform hulls and sensors.

Flawless Glass+P2

This project will further develop the
methodology to produce flawless glass

as part of a transparent armor system.
Reducing surface flaws can increase
performance of the transparent armor
systems by more than 10%, thereby allowing
for a reduced weight armor system.

Functionally Gradient Armor Materials
(Additive Manufacturing)

This initiative seeks to use additive
manufacturing to fabricate light armor
ceramic composite systems with

novel geometries and seams.

Golem Protection System

This effort is a collaborative program with ARL
and Communications-Electronics Research,
Development, and Engineering Center
(CERDEC) to develop and demonstrate an RPG/
ATGM defeat system. ONR funding supports



sensor development, fire control system
research, software programming, and some
experimentation for the Golem Protection
System for Marine Corps vehicle needs.

Hybrid Layer Aluminum Composite (HLAC)
This effort explores the response

of aluminum-composite structures

to underbody blast events.

Multi-DOF Rollover-Impact-

Blast Effects Simulator

This project will develop the capability of
simulating crew response to an underbody
blast in a laboratory setting without the use
of explosives. It will also capture complex
local structural motion by novel fixturing
developed through modeling and simulation.

Scaling Studies in Ballistics

This study will investigate lightweight
materials for armor applications for Marine
Corps platforms (i.e., Amphibious Combat
Vehicle (ACV) and JLTV Objective).

Tandem Threat Defeat and Select ATGM
This effort will continue the technology

o N .

-

USMC MRAP

development to defeat tandem chemical
energy threats and ATGM.

Transparent Armor Integration

This project will develop and demonstrate
advanced transparent armor systems in a
field environment using lessons learned from
Flawless Glass, Transparent Armor Small
Business Innovative Research (SBIR) project,
and Polymeric Material Transparent Armor.

Transparent Armor SBIR (Phase II)

This project will reduce transparent armor
for relevant threat by more than 30% and
develop ballistic models useful for other
programs. Transparent Armor Solutions
and Southwest Research Institute have
demonstrated a weight savings compared to
conventional transparent armor solutions.
Improvements to reduce weight along with
M&S are ongoing to enable design of a
transparent armor for different threats.

DARPA Efforts

Ground X-Vehicle Technologies (GXV-T)
Ground-based armored fighting vehicles and
their occupants have traditionally relied on

AU STER
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.
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armor and maneuverability for protection.

The amount of armor needed for today’s

threat environments, however, is becoming
increasingly burdensome and ineffective
against ever-improving weaponry. GXV-T seeks
to develop revolutionary technologies to enable
a layered approach to protection that would
use less armor more strategically and improve
vehicles’ ability to avoid detection, engagement
and hits by adversaries. Such capabilities would
enable smaller, faster vehicles in the future

to more efficiently and cost-effectively tackle
varied and unpredictable combat situations.

The GXV-T program aims to improve the
survivability of ground-based armored
fighting vehicles by providing physically and
electronically assisted situational awareness
for crew and passengers. It also will provide
semi-autonomous driver assistance and
automation of key crew functions similar to
capabilities found in modern commercial
airplane cockpits to reduce onboard crew and
training requirements. The GXV-T program

is not a vehicle development program, but
rather it is focused on developing core
technologies so future vehicles can be more
robust and agile. This is done through the
provision of innovative protective capabilities,
such as real-time movable armor that is
instantly responsive to incoming threats

and novel drive-train technologies able to
provide enhanced mobility and power.

RDECOM & TARDEC Efforts

Advanced Armor

This project will leverage current investments
in combat vehicle armor to develop, mature
and integrate lightweight base, add-on, and
electrified armors. Mature and test Pulse
Power system to enable electrified armors.
Mature advanced armors into integrated armor
solutions while maintaining performance,
decreasing weight, and maintaining cost.

Advanced Countermine/IED
Payloads Competency
Army Elements lack the ability to conduct
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mounted and dismounted movement and
maneuver on and offroad, in all terrain
conditions where the threat of AT mine and IED
engagements exist. This effort will capitalize on
small incrementally funded activities combined
with customer focused efforts to achieve
technical capabilities that can ultimately

be packaged into a single system adaptable

to truck, tracked, and robotic platforms.

Advanced Passive / Active Blast Mitigation
This effort will mature blast mitigation
technologies through product development,
integration and validation. It will meet the >4X
underbody blast requirements by integrating
interior and exterior blast mitigation
technologies on combat vehicle representative
blast bucks. It will also fully understand blast
load paths through vehicle platforms by
decomposing the load paths through each
technology and technology interface.

Combat Vehicle Adaptive Armor

The intent is to develop and demonstrate
integrated adaptive armor systems comprised
of mechanical and electrical subcomponents
on a representative combat vehicle platform.

Combat Vehicle Office Program

Management Office

The CVP Mission is to execute a five year
Ground Vehicle technology development
program that delivers a portfolio of leap-
ahead technologies at TRL 6 by FY19 to the
Army and can be integrated and demonstrated
on a prototype platform by FY21. The CVP
Vision is to develop ground vehicle leap-
ahead technologies that ensure the Warfighter
maintains its overwhelming ground combat
superiority against any enemy worldwide.

Modular Active Protection

(includes MAPS BA4)

This project will develop and demonstrate
soft kill /hard kill APS utilizing a modular
APS framework that will allow commonality
across the vehicle fleet, tailored systems to
meet PM needs, and facilitate transition.



Sensor Protection from Lasers

The intent is to improve and adapt sensor
protection technologies to a variety of
platforms as well as develop new materials/
devices/strategies for countering advanced
laser threats. Reduction of optical cross-
section, minimization of jamming and dazzling,
and overall increase in damage thresholds.

5.2.1.1 Fuel Containment/
Fire Suppression

The Challenge

PEO LS Science and Technology
representatives continue to investigate all
options in potential fuel containment and fire
suppression technologies. Addressing fires
caused by accelerants and 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.

Potential Solutions
RDECOM and TARDEC Efforts

Fire Protection Competency

This effort will provide legacy and future
vehicle programs with improved damage
mitigation techniques to protect against
current and emerging fire threats.

SBIR Effort

Aqueous Based AFES (Phase II)

This ONR effort will develop an aqueous
solution that provides vehicle crew protection
against crew cab fires, fire re-flash and also
protect occupants from associated hazards.
The approach is to identify a breathable

foam solution for fire suppression with no
harmful /toxic byproducts, and to develop
aqueous-based injury criteria. An initial
prototype will be developed and tested.

5.2.1.2 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.

Potential Solutions
ONR Efforts

Dynamic Vehicle Center-of-Gravity and Gross
Weight Estimation Using Readily Available
Sensors - SBIR (Phase II)

This SBIR effort will develop and demonstrate
a novel system for estimating vehicle gross
weight and center-of-gravity location using

an innovative nonlinear real-time filter based
method. The proposed algorithm uses known
physics-based kinematic relationships between
vehicle states for the estimation process, and it
requires minimal set of low-cost sensors that
can be easily integrated into existing vehicle
platforms.

RIF Efforts

Computational Anthropomorphic Virtual
Experiment Man (CAVEMAN) Model for Injury
Assessment in Kinetic Events

The project’s goal is to refine the high fidelity
computational physics model to support
survivability improvement efforts within the
Marine Corps vehicle community. It will use

a virtual human body model for crew injury
evaluation from underbody IED. CAVEMAN will
provide advanced skeletal injury localization
and additional injury modalities in damage

to soft tissue to help the Marine Corps more
effectively design for IED survivability.
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MTVR during amphibious operations

5.2.2 Mobility
The Challenge

Mobility is fundamental for providing the
agility and flexibility that expeditionary warfare
requires. The challenge is to find an affordable
balance between payload, protection, and
performance mobility.

Potential Solutions
ONR Efforts

ACV High Water Speed Parameter Setting
Study

This project will determine the bounds of
physics for the three ACV high water speed
lanes.

Amphibious Swarming Vessels

This effort will analyze potential mission
sets and payload modules and determine
system parameters and desired performance
capabilities.
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Future Naval Capability (FNC) - ACV 1.X
Mobility Enhancements

This FNC will design and build a suite of
affordable drag reduction, speed enhancing,
and affordable fuel efficient technologies to
provide at least a 50% increase in water speed
and at least a 10% increase in fuel economy of
the ACV 1.2 /1.3. This effort will also develop a
suite of affordable drag reduction and speed
enhancing technologies that can be quickly and
easily installed and removed from ACV 1.2/1.3
to increase water speed.

Configurable Terrain/Tire Interface

The project’s objective is to develop a novel
tire material that can adapt its footprint or
stiffness to different terrain conditions via
stiffness change of a thermoplastic styrene-
based polymer around glass transition and
phase change of low temperature bi-alloys
encapsulated in an elastomer matrix.

Predictive /Adaptive Mobility (PAM)
This effort will predict upcoming environment
and terrain characteristics via on-board



databases and remote sensors (e.g., Unmanned
Air Vehicles (UAVs), satellites, and lead
platforms) and intelligently adapt, in near-real
time, platform mobility dynamics systems. The
objective is to optimize mobility, agility, and
safety, providing just-in-time trafficability.

Trafficability and Mobility Analysis

from Remote Sensing

This project will use remote sensing products
focused on terrain and soil characteristics

to generate the mobility corridors from

the modified combined obstacle overlay to
improve maneuver planning in the littorals.

Vehicle Agnostic Modularity (VAM)
This effort includes the exploration
and creation of modularity concepts
for future tactical vehicles.

VAM - Virtual Framework Phases II and III
This project will develop a multi-criteria/
multi-objective optimization methodology
for use within a dynamic simulation code.
The methodology will estimate system

and subsystem benefits, as well as predict
effects of module-level design changes

on system-level operational capabilities.
Application of the developed methodology
enables assessment of the efficacy, benefits,
and burdens of novel modularity concepts
within a realistic operational environment.

RDECOM & TARDEC Efforts

Active Suspension / Lightweight Track
This project will develop an Advanced
Running Gear as a system, consisting of an
advanced External Suspension Unit (ESU)
and Advanced Lightweight Track (ALwT)
system that will maximize weight reduction,
improve vehicle durability and mobility and
augment system survivability. The products
will support PM CVP with additional support
to the Bradley Family of Vehicles. Track and
suspension technologies are historically
developed as individual components leading
to sub-optimal system performance. The

Advanced Running Gear must be developed
as an optimized system to achieve optimal
performance and durability at minimal weight.

NAC Business Management

This will explore, plan and execute the
High Efficiency Truck Users Forum (HTUF)
for trucks and off-road equipment. It

will also bring stakeholders together

to accelerate commercialization of
high-efficiency technologies for

military and commercial vehicles.

5.2.2.1 Crew Visibility

Crew visibility addresses the tactical vehicle
crewman’s ability to see the battlefield.
Darkness, rain, snow, fog, sandstorms, dust,
smoke and obscuration factors caused by
weapons firing all have an impact on crew
visibility. Navigation, vehicle identification,
tactical movement and situational awareness
are all important aspects of crew visibility.
On the battlefield of the future, it is highly
likely that enemies will have access to various
types of night vision devices, as well as
lasers, and use them to their advantage.

The Challenge

Survivability can inadvertently hinder crew
visibility. The cost, weight, and optical limits
associated with transparent armor often
results in vehicles that are burdened with
limited visibility. Increasing visibility for
Marine Corps vehicles without imposing a
heavy penalty on size, weight, power and cost
is the goal, but achieving this goal presents

a significant technological challenge.

Potential Solutions

ONR Efforts

Transparent Armor

The goal of this SBIR is to reduce the weight of
transparent armor for relevant threat by more
than 30%, and then transition the technology
to relevant vehicle platforms. In addition,

2017 PEO LS Advanced Technology Investment Plan | 47



the Transparent Armor project will develop
a ballistic model useful for other programs.

Transparent Armor Integration

This effort will develop and demonstrate
advanced transparent armor systems in a
field environment using lessons learned from

flawless glass, SBIR, and polymeric material TA.

RDECOM & TARDEC Efforts

Future Sensor Protection Research (TBD)
The purpose of the project is to prevent
destruction of combat vehicle optical systems
from High Energy Laser (HEL) weapons.

Ground Degraded Visual Environment

The purpose of the effort is to increase local
situational awareness (LSA) in all conditions
and environments, to include degraded
visual environments (e.g. dust, smoke) for
ground vehicle systems using scalable

LSA sensing & immersive intelligence.

5.2.2.2 Corrosion

For Marines, who preserve and maintain
thousands of pieces of ground equipment,
fighting corrosion is uniquely challenging.
Marines operate in very harsh saltwater
environments. The Marine Corps has
established an effective corrosion-
prevention program for all tactical
ground equipment. This program intends
to reduce maintenance requirements

and costs through the development of
corrosion prevention and control products,
materials, technologies, and processes.

The Challenge

With a reduced national defense budget and
the resulting reduction of new equipment
procurements, the Marine Corps cannot afford
to ignore corrosion issues. Consequently,

the Marine Corps will be required to use

much of its current gear and its existing
vehicle fleet. Enhanced anti-corrosion
technologies will extend vehicle-service life,
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reduce required maintenance, and prolong
the operational viability of legacy systems.
Enhanced anti-corrosion technologies

and future service life extension programs
will be required to extend the life of the
Marine Corps’ equipment, keeping them
operationally viable and ready for use.

Potential Solutions
MCSC Efforts

Corrosion Prevention and Control (CPAC)

The goal of this effort is to establish an effective
CPAC program to extend the useful life of

all Marine Corps tactical ground and ground
support equipment. The effort also seeks

to reduce maintenance requirements and
associated costs through the identification,
implementation, and, if necessary, development
of corrosion prevention and control products,
materials, technologies, and processes. The

use of these technologies and processes

will repair existing corrosion damage and
prevent, or at least significantly retard, future
corrosion damage on all Marine Corps tactical
ground and ground support equipment.

Recognized by the Office of the Secretary of
Defense for its successful corrosion prevention
and repair efforts, the Marine Corps CPAC
program has become a model for other
services. This program continues to deliver
best-value return on investment across all
phases of Marine Corps’ equipment life cycles.
Since its inception in 2004, the CPAC Program
Management Office has maintained a viable,
comprehensive program that is credited

with saving the Marine Corps more than $20
million annually. With the expansion of the
program and the use of advanced technology,
savings are anticipated to continue to grow.

5.2.2.3 Autonomy

Autonomy has the potential of becoming a
Marine Corps combat multiplier that will
save lives by reducing or removing the
human element from the convoy. The Marine



Corps has increased its efforts to develop
autonomous unmanned ground systems that
will work in union with manned systems

and augment Marine Corps capabilities. In
addition, autonomous vehicles can free up
manpower from logistics missions, making
them available for more tactical roles.

Similar to the value UAVs bring to the skies in
the form of persistent visibility, Unmanned
Ground Vehicles (UGVs) bring benefits to
Marines on the ground in standoff capability.
These ground vehicles are reducing Marines’
exposure to life-threatening tasks. UGVs are
largely used in support of counter-IED and
route clearance operations, using robotic
arms attached to, and operated by, modified
Mine Resistant Ambush Protected vehicles
and remotely controlled robotic systems.

The Challenge

Because UGVs have been playing a greater role
in combat, the need for new capabilities has

been steadily increasing. Current UGVs require

a person to operate the vehicle remotely.
Autonomous vehicles that do not require a
man-in-the-loop tend to move slowly and
have difficulty traversing terrain, even over
minimal obstacles. For autonomous vehicles
to be beneficial to the Marine Corps, they
must be able to conduct resupply missions
with either a “man-out-of-the-loop” or a
“man-on-the-loop” (to provide oversight and
input when needed). To truly be valuable,
future autonomous vehicles should not
require Marines for protection, and they must
be able to cross rugged terrain quickly and
easily without requiring human assistance.

Potential Solutions
ONR Efforts

Cognition for UGV/Warfighter Teaming
This project seeks to develop a cognitive
framework to enable intelligent interaction
between unmanned autonomous systems
and human warfighters. The approach is
to develop algorithms that will allow for

extended situational comprehension from
processing of real-time sensor data without
the need to translate objects and features
into semantically identifiable symbols.

Collaborative Heterogeneous

Autonomous Systems

This work will develop and demonstrate
collaborative robotic behaviors involving
multiple autonomous vehicle types, including
mixed teams of ground and air platforms.

Complex Scene Analysis

This effort will investigate computationally
efficient methods for extracting real-time
knowledge and understanding from visual
scenes. The approach will focus on merging
bottom-up and top-down processes, moving
beyond pixel-level analysis, to provide deeper
understanding of objects and relationships
within a scene. The intent is to exploit
vision-based systems to achieve enhanced
automated perceptual understanding in a
dynamic, complex environment, providing a
sufficient level of comprehension to enable
advanced autonomous navigation and the
development of tactically relevant behaviors.

Coordinated Tactical Behaviors

This project will develop, implement, and
demonstrate multi-vehicle autonomy
enabling multiple unmanned ground vehicles
to perform collaborative behaviors in
support of various expeditionary military
missions (e.g., force resupply, convoy
protection, and route reconnaissance).

Expeditionary Wingman Navigation

The Wingman concept envisions mobile
autonomous systems that are fully integrated
with small-unit Marine ground forces.
Wingman will provide added operational
capability, load bearing, and security for
multiple mission profiles, environments, and
conditions. This project will develop and
demonstrate advanced navigation and path-
planning algorithms that will allow a robotic
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wingman to maintain position and pace with
a dismounted squad, while autonomously
traversing complex terrain and obstacles.

Intelligent Autonomy Architectures

This project seeks to develop, mature, and
advance an architectural framework for
integrating technology components and
subsystems of unmanned autonomous
ground vehicles. It will facilitate the use
of open, modular hardware and software
development, while fostering science and
technology innovation, multi-developer
participation, and interoperability.

ITV Autonomy Conversion -

Autonomy Integration

This effort will facilitate transition, integration,
and maturation of autonomous capabilities

for a full- system demonstration and limited
military utility assessment at the Autonomous
Logistic Connecter Mission in FY16/FY17.

Natural Interaction between

UGV and Squad

This project will develop and demonstrate
technologies that will enable Marines to
communicate with autonomous machines,
and autonomous machines to communicate
with Marines, using the same familiar methods
humans commonly use to communicate
with each other. Focus areas include:
two-way voice communication, two-way
visual sign usage, understanding of intent,
implementation of rehearsed coordinated
action, and machine interpretation of text,
tactical graphics, maps, and overlays.

Neural Perception and Cognition

This project will explore artificial means of
replicating the cognitive and perceptual
performance of biological systems in a
context relevant to the use of unmanned
autonomous systems in expeditionary war
fighting. The approach targets sensing
and perceptual processing that leads to
knowledge acquisition and understanding.

50| 2017 PEO LS Advanced Technology Investment Plan

Night Ops with Electro-optical
Perception System

This initiative seeks to enable autonomous
night operations. It will develop and
quantitatively demonstrate a low-cost
electro-optical perception system to
perform stereo camera-based navigation
during night operations and a localization
solution (sensors + algorithms) with less
than 1% error (2D) during one hour in
GPS-denied environments at 20 mph.

Perception Under Adverse Conditions

This project will focus on developing

and demonstrating advanced perception
capabilities that will enable the continued
operation of autonomous systems when optical
sensor performance is degraded by photonic
absorption or scattering due to rain, snow,

fog, smoke, dust, or other visual obscurants.

Robust Traversability in Complex

Terrains

This effort will demonstrate that a path planner
using high-fidelity terrain, kinodynamic

vehicle models, and nonholonomic trajectories
will enable navigation to be 20% faster

and with 25% less interventions through
complex, cluttered environments.

Scene Comprehension and

Representation

This project builds on previous efforts

to develop and ultimately demonstrate
advanced cognitive robotic perceptual
capabilities. The objective is to create the
ability for a machine to process streaming
sensor data into actionable information and
knowledge. The approach encompasses
advances in scene comprehension, symbolic
representation, attention allocation,
anticipation, probabilistic expectation,
contextual reasoning, learning, and adaptation.

Sensor Fusion for Robust Perception
This initiative will demonstrate a low-
cost perception system (S10k-S20k) for
an autonomous ITV-sized vehicle that can



provide 20cm X /Y spatial resolution at
ranges to 40 meters; surface normal data;
classify environmental material with an
accuracy > 75%; and perform nighttime
perception with a perception distance

> 63% of daylight requirements.

Squad Level Tactical Behaviors

Autonomous robotic vehicles interacting with
human teammates as part of an integrated
squad will need to be able to perform tactical
movements and behaviors that support the
team’s overall mission while enhancing its
effectiveness. The objective of this project is
to develop and demonstrate a functional set
of tactically relevant responses and behaviors
that will enable a robotic team member

to perform mission-related tasks in close
proximity to humans and in accordance with
the squad’s tactics, techniques, and procedures.

Terrain and Object Perception

This effort will develop perception algorithms
for recognition and representation of
operationally relevant objects and features

in the environment. The approach will use
multi-modal sensing, both passive and active,
to enable discernment of specific features
from within a complex dynamic environment,
including: terrain and landscape features,
roads/pathways, people, vehicles, structures,
and other features to enable improved
autonomous navigation, actions, intelligent
decision-making, and behavioral learning.

Warfighter/UGV Team Intent Reasoning
and Adaptation

This effort is motivated by the need for
autonomous systems to make inferences
and apply reasoning based on the dynamic
information being continuously received
from sensors observing the environment
and specifically warfighters with which the
system is interacting. The project objective
focuses on the use of advanced perception
capabilities to support reasoning about
friendly and adversarial activities and intent
in dynamic situations with evolving context.

Wingman Platform and Mission

Packages

This project will design and develop an
autonomous test bed vehicle platform for
use in testing, maturing, and demonstrating
new autonomy-enabling technologies

and payloads related to the wingman
robotic squad member concept.

World Modeling and Tactical

Path Planning
This effort will investigate the potential to
extract higher-level knowledge elements from

World Model datasets. It will use segmentation

and clustering techniques to identify distinct
regions, paths, and objects for use in advanced
navigation and reasoning solutions.

RDECOM & TARDEC Efforts

Autonomous Ground Resupply

The purpose of Autonomous Ground Resupply
Program is to develop and demonstrate an
improved and optimized distribution system
that integrates new and emerging technologies
across the full spectrum of operational and
tactical supply movement operations.

Autonomous Robotics for

Installation & Base Operations

The purpose of the project is to accelerate
the adoption and use of intelligent

ground vehicle systems for military

and commercial applications by linking
technology with real-world operational
settings in semi-controlled environments.

5.2.2.4 Weight Reduction

Weight reduction is an aspect of lightening
the Marine Air-Ground Task Force. This

is a significant challenge and every pound
counts. Equipping trucks with auxiliary
power sources, for instance, can save a
generator and potentially reduce the load
by 300 pounds. More efficient engines
would help reduce fuel demands.
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The Challenge

Successful weight-reduction efforts will
generate benefits including expanded

range, superior mobility, increased energy
efficiency, and greater speed. The challenge
is to implement weight- reduction measures
that are affordable and that will not degrade
survivability nor reduce reliability.

Potential Solutions
ONR Effort

Flawless Glass

This initiative will further develop the
methodology to produce flawless glass as
part of a transparent armor system. Reducing
surface flaws can increase performance of the
transparent armor systems by more than 10%,
thereby allowing for a reduced-weight armor
system.

Lightweight Vehicle Exhaust for Amphibious
Vehicles

This SBIR will evaluate the exhaust systems for
Amphibious Vehicles and develop a lightweight
alternative.
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MODELING AND SIMULATION

PEO Land Systems Marine Corps has a
continuing requirement for the development of
an integrated suite of non-proprietary multi-
variable Modeling and Simulation (M&S) tools.
These tools must leverage existing ground
vehicle simulation tools and enable M&S-based
acquisition and lifecycle management of tactical
ground vehicles to include cost data. The
ultimate value of a fully integrated M&S toolset
will be the ability to maximize the effectiveness
of limited resources through simulation-

based acquisition, while bringing optimized,
focused capabilities to the Warfighter.

Computer-based simulation of the
functions of tactical vehicle systems must
be expanded to shorten development time
and reduce program risk /cost. Currently,
not enough components are accurately
simulated and few are simulated together as
a system (co-simulation). A fully integrated
simulation-based acquisition approach that
incorporates co-simulation tools will:

» Enable virtual vehicle designs to be
functionally tested on computers.

» Optimize vehicle prognostics
and performance tools.

» Assess candidate vehicles against
critical performance parameters.

» Inform the requirements process
by identifying system requirements
that are realistic and achievable.

» Inform life-cycle cost (LCC)
estimates and significantly reduce
the total LCC of the system.

» Save money by reducing design, as
well as test and evaluation costs.

» Allow high-fidelity requirements trade-
offs with accurate predictions of costs,
schedule, and performance (CSP).

» Evaluate potential new technology
insertions and their effects on CSP.

5.3.1 PEO LS Future M&S Vision
The Challenge

PEO LS has a need for a universal M&S
aggregation tool that is verified, validated and
has a high degree of fidelity. This tool will
collect and aggregate industry component
and platform data for various vehicle
systems/platforms, assess the aggregated
data through scenario-based simulation, and
provide normalized CSP output that will allow
leadership to confidently assess the value of a
proposed system or upgrade (See Figure 5.3-1).

The development of a universal modeling and
simulation aggregation tool will provide:

» Streamlined and standardized
approach for assessing CSP of future
Ground Combat Vehicles (GCVs) and
proposed upgrades/modifications.

» Single integration tool capable of
assessing multiple platforms and
multiple configurations.

» Plug-and-play capability for upgrade or
alternative component comparison, as
well as future modernization programs.

» Requirements-based scenarios to assess
total LCC and performance for each
platform /configuration and upgrade.

» Standardized interfaces for industry
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UNIVERSAL M&S AGGREGATOR

A STEP TOWARDS CREDIBLE & CONFIDENT DECISION MAKING USING PERFORMANCE & COST

RED TO ’, LEVELS

CREDIBILITY ASSESSMENT

(KEY ASPECTS)

TOP PERFORMANCE
DEGRADERS PER
CATEGORY

VENDOR MODELS FOR
SOURCE SELECTION

Figure 5.3-1. Universal M&S Aggregator

to design component models, as well
as establishes acceptable credibility
assessment levels for key design aspects.

» Decision-making tools for acquisition
leadership with a known confidence level.

» Reduced total ownership costs, while
maximizing limited S&T resources.
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5.3.2 Shaping the Future of M&S

Framework
Assessing Cost
Technology
(FACT)

The United
States Marine
Corps Systems
Command
(MCSC)
sponsored the
development
of the Framework for Accessing Cost and
Technology (FACT) with Georgia Tech Research
Institute (GTRI) to enable investigators to
visualize a system’s potential costs alongside
the systems performance, reliability and other
factors deemed important. FACT is a modeling




and simulation framework, enabling real-time
collaboration in a web environment, primarily
geared towards conducting real-time trade
space analysis for complex systems-of-systems.
FACT uses Systems Modeling Language (SysML)
to define complex systems. SysML expands
upon the Unified Modeling Language (UML) and
goes beyond software-centric design to include
hardware components. The specification
provides a formal means to describe a

system, most notably the decomposition and
organization of the system components as well
as the parametric relationships between value
properties distributed throughout the systems.

5.3.3 Ongoing MA&S Efforts

Human Body Model

Current Anthropomorphic Test Dummies
(ATDs) used to predict human injury

risk in live-fire blast testing have several
limitations due to a lack of biofidelity and
limited injury assessment capability. The
ATD is composed of metals, rubbers, and
plastics, and the majority of injury metrics
associated with the ATD were developed
under automotive crash loading scenarios.

Development of a human body model is
underway; leveraging the recent advances in
high-fidelity computational physics-based
MA&S of explosive events against armored
vehicles. This major advancement in the ability
to accurately predict human injury risk will
enable vehicle designers and evaluators to
predict risk of injuries across the severity
spectrum experienced in the real world,
supplement ATD results with prediction of
injuries beyond fracture, expand injury risk
assessments beyond the 50th percentile,
support theater event reconstruction, and
deliver injury causation determination.
Beyond the scope of the PEO LS focus on
injury prediction in Improvised Explosive
Device (IED) events, this model could be used
in ballistic protection, blast overpressure,
burn injuries, and non-lethal munitions.

Post IED Damage Small Business
Innovative Research (SBIR)

Two companies are currently in Phase II
of SBIR contracts to develop the capability
to systematically gather and store Post
IED damage data from the vehicle and
scene and process this data into a format
that allows the vehicle PMs to assess

the risk of repair vs redeployment.

Survice Engineering Company is developing
an integrated, low-cost, ruggedized, and
portable tablet-based 3D capture tool kit

to guide and facilitate the assessment of
battle damage to combat vehicle platforms.
The plans for the tool includes:

» Development and integration of
ruggedized, low-cost indoor/
outdoor 3D scanning technology.

» Procedural forms and checklists.
» Photo and video documentation.

» Expandable framework to
incorporate other Non-Destructive
Inspections (NDI) technologies.

Corvid Technologies is developing Battle
Damage Assessment Visualizer (BDAV)
software which is run on ultra-portable
devices and allows quick time access to a
database incorporating hundreds of IED and
multi IED-event scenarios. By comparing

the damage produced by the incident to a
database of simulated vehicle damage, the
software determines the closest match and
calculates the risk of redeploying vs repairing
the vehicle structure. The tool will also
support event-reconstruction, identifying
the most likely threat scenario that led to

the damage. Additionally, as an alternative to
visual-only inspection, BDAV provides a more
data driven, consistent way to determine
vehicle repair levels required, lowering

risk to the warfighter while simultaneously
reducing unnecessary vehicle downtime.
BDAV software relies on robust surface
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capture and data storage capability being
developed under this same SBIR topic.

Joint Light Tactical Vehicle
(JLTV) Blast M&S

The objective of this effort is to develop and
execute a physics-based model that is able to
account for both soil /structure interaction and
gross vehicle response. Corvid Technologies
has prepared high- fidelity models for the
Marine Corps JLTV Program Office. The

Under Body Blast (UBB) M&S efforts will:

» Provide Joint Project Office (JPO) insight
into force protection levels (initially from
a structural standpoint and evolving
to a crew-response standpoint).

» Support engineering design
analyses and modifications.

» Provide supplemental information to
support key performance parameter
analyses. The JPO also plans to use
MA&S for future evaluations of vehicle
design modifications and Engineering
Change Proposals (ECPs).

Mitigation of Blast Injuries

The objective of the JLTV Blast Modeling

and Simulation (M&S) effort is to develop
and execute a physics-based model that can
account for both soil /structure interaction and
gross vehicle response. Corvid Technologies
is developing high-fidelity models for the
JLTV programs. The underbody blast M&S
efforts will: 1) provide the Joint Project Office
(JPO) insight into force protection levels
(initially from a structural standpoint and
evolving to a crew response standpoint); 2)
support engineering design analyses and
modifications; and 3) provide supplemental
information to support key performance
parameter analyses. The JPO also plans to
use M&S for future evaluations of vehicle
design modifications and engineering
change proposals. Funding and timeline
information can be found in the M&S section.
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Additional M&S projects
supporting PEO LS include:

» Material Characterization of Energy
Absorbers (EA) focuses on material
for blast modeling, which is being
tested to determine models used
to define EA component response.
Components to be modeled include
seat EAs, cushions and blast mats.

Potential Solutions

Tank Automotive Research, Development
and Engineering Center (TARDEC) Efforts

Light Weight Systems & Technology (LWS&T)
This effort will develop a weight informed
vehicle design optimization process /
architecture for the Army. LWS&T will utilize,
develop, and evaluate tools, advanced materials,
manufacturing, and assembly technologies

to optimize component/sub-system /system
weight while maintaining or improving
performance. Finally, it will demonstrate

best practices in a cost-conscious system
design to reduce ground vehicle weight.

Vehicle Electronics and Architecture

(VEA) Mobile Demonstrator

The purpose of the project is to mature the
open data and power architecture as well

as the system designs to TRL 6 that were
implemented as part of the VEA Research SIL
at TRL 5 by integrating those subsystems onto
a combat vehicle platform. This effort will

also validate the power and data capabilities
required for the future infantry or combat
vehicle modernization efforts while increasing
vehicle performance & decreasing SWAP

over current implementations. Finally, it

will build the TARDEC bench on in-house
vehicle integration of these systems.

Virtual Proving Ground

The purpose is to develop a comprehensive
and integrated Autonomy M&S toolkit strategy,
positioning TARDEC to lead the push for more
unified / interoperable M&S capabilities.



This project will also engage with on-going
M&S tool development efforts (e.g. Autonomy
in Operational Energy (AiOE), TARDEC Virtual
Experimentation Capability (TVEC), etc.),
identify the best-of-breed M&S tools available,
and perform a gap analysis to identify areas for
future tool enhancement. Other efforts include:

» Develop and extend M&S tools to address
shortcomings identified in the gap analysis.
(e.g. integrate best-of-breed tools together,
expand functionality /robustness, etc.).

» Manage the integration of existing /
future M&S tools into the toolkit
to reduce duplication of effort and
maximize the value of M&S outputs.

Warrior Injury Assessment Manikin (WIAMan)
The purpose of this effort is to establish the
feasibility of the WIAMan injury assessment
concept and advance to prototype fabrication.
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OPEN PLUG-AND-PLAY
COMMUNICATION ARCHITECTURE

Open plug-and-play architecture provides
vehicle platforms the capability to add a new
communication, sensor, and data component
to a system and have it integrate seamlessly
without changing the architecture or technical
configuration of the vehicle. Adapting such
architectures for the tactical vehicle fleet

has great potential to improve tactical and
operational flexibility for commanders.
Consequently, the Marine Corps continues to
develop a standardized approach to Command,
Control, Communications, Computers, and
Intelligence (C4I) and Electronic Warfare

(EW) integration. PEO LS continues to work
with Marine Corps Systems Command, Tank
Automotive Research, Development and
Engineering Command, Marine Corps Combat

Development Command and the broader
research community to integrate these systems
through a coordinated development and
acquisition process. Critical to this process is

a shift to common resources accessed through
open architecture systems. This change

will reduce or eliminate a large number of
duplicative and proprietary solutions that were
procured under pressure of combat operations.

The Challenge

Many of the fielded vehicle-mounted C41/
EW systems in the inventory, which were
primarily driven by urgent operational needs,
are standalone solutions integrated onto
tactical vehicles in bolt-on applications that
come with separate power, processing, clock,

Figure 5.4-1. M-ATV

o
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and location functions. Some current tactical
vehicles were not designed to support radios
at all, and certainly not the multiple new
technologies that have been added to enhance
combat effectiveness. The development of
modular, scalable, open-system architectures,
which enable a plug-and-play mission flexibility
across all tactical vehicles, will enable rapid
vehicle modernization and shared-resource
allocation. It will also eliminate duplicate
equipment for both legacy and future vehicle
programs and ease shipboard operations.

Potential Solutions
SBIR

Artificial Intelligence (AI)-based C2 Digital
Assistant

The Marine Corps seeks to employ advanced
artificial intelligence (AI) technologies for

its CAC2S program to reduce information
overload, improve situational awareness (SA)
and collaboration, and aid in Commander
decision-making. Leverege will use its unrivaled
subject matter expertise in CAC2S and its

deep experience with cutting-edge machine
learning techniques to research and test the
optimal algorithms for the Al-based digital
assistant. The research and development will
identify the areas that need to be addressed,
propose and study alternative solutions, and
provide simulated but relevant input to test our
hypotheses against known CAC2S use cases.

Leverege intends to address the following
quantitative commercialization metrics and
achieve increased maturity in the following
areas: Multi-level neural network approaches
to speech tokenization, deep machine learning,
and contextual understanding, Conversational
bot technology that remembers 0x9D context
between individual queries, Autonomous big
data 0x9D architectures and implementation
strategies that can be embedded into
disconnected systems and meet stringent
performance and security requirements,

and Improved data presentation and user
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experience methodologies for digital assistants.

TARDEC Efforts

Vehicular Integration for Command, Control,
Communications, Computers, Intelligence,
Surveillance and Reconnaissance (C4/ISR)/
EW Interoperability (VICTORY)

In FY-15, Marine Corps Systems Command and
PEO LS have approved the VICTORY standard
in future Marine Corps vehicles. The current
version (as of the date this document was
published) of the standard is 1.6.1, which will
be critical for future development of modular
C4/1ISR systems, is a required characteristic for
new vehicle systems.

The VICTORY open plug-and-play architecture
is being developed as a solution to operating
forces applying solutions to identified C4ISR
capability short falls through short term
solutions quickly bolted on to ground vehicles,
which inhibits functionality, negatively impacts
the vehicle’s size, weight and power, and

limits crew space. VICTORY will reduce these
issues by embedding the systems directly

into the platform. It provides a framework

for architecture, standard specifications, and
design guideline input.

VICTORY is developing a framework for
integration of C4ISR/EW and other electronic
equipment on Army ground vehicles. The
framework is composed of:

» An architecture that defines common
terminology, systems, components, and
interfaces.

» A set of standard technical specifications for
the items identified in the architecture.

» A set of reference designs that provide
guidance for how the architecture and
standards can be used to create designs
against various types of requirements and
environments.

The architecture is documented in VICTORY
Architecture - Version A2, which identifies the



Figure 5.4-3. Core Concept: VICTORY Data Bus (VDB)

systems, components, and interfaces, but does
not provide technical details. The technical
details are specified in the VICTORY standard
specifications, and are intended for the system
acquisition and S&T communities to use as

a citable reference in new procurements,
modernization activities, and engineering
change proposals.

The VICTORY standard specifications do

not specify system design or the specific
hardware and software components that will
be used to implement the VICTORY standard
specifications. In addition, these specifications
do not specify the hardware configuration or
the mapping of software to hardware.

The designs must be developed to meet the
operational, functional, and performance
requirements of the platform or product.
VICTORY provides example designs to aid the
community in understanding the options for
deploying the specifications. These examples
are documented in VICTORY reference design
documents:

» VICTORY Standards Maturation (VSM)
Maintain, develop, and adopt future
capabilities to continue to enhance the
Vehicular Integration for C4ISR/EW
Interoperability (VICTORY) Specifications.
Enhance existing Systems Integration Lab
(SIL) capabilities to perform validation and
verification for the updated standards.
Continue to provide new capabilities
that can be added to Military Ground
Vehicle platforms as a part of Army
Force Generation block upgrades or
modernizations.

» VICTORY Enabled Company
Transformation (VECTOR)
Transition and demonstrate TARDEC’s
VICTORY investment from its current
Technology Readiness Level (TRL) 4 Lab
Components to TRL 6 vehicle systems
applicable to all platforms. This will reduce
Program Managers’ risks for transitioning
VICTORY components and systems onto
their vehicle platforms by providing
an accredited information assurance
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solution, aiding in the integration of legacy
components, and providing a common
vehicle integration package for VICTORY.

» VICTORY System Integration Laboratory
(VICTORY SIL)
The VICTORY SIL was developed to help
facilitate verification and validation of
the VICTORY standards in support of
near-term PEO Ground Combat System
Engineering Change Proposal efforts.
It also provides a facility where vendor
components are independently verified to
VICTORY standards. The VICTORY SIL has a
representative vehicle cabin to demonstrate
the VICTORY standards in a system-level
vehicle environment.

» Capabilities
The VICTORY SIL offers contractors the
ability to bring hardware and software
solutions to be tested and verified at
VICTORY standards. The testing would be
performed via a test service agreement
between the contactor and TARDEC.

» Benefits

O Provides an independent
implementation of VICTORY proposed
standards.

O Advances VICTORY standards through
the process from proposed standards to
draft. standards.

O Identifies and clarifies issues with the
VICTORY proposed standards.

Radio Frequency (RF) Convergence

The intent is to leverage CERDEC’s RF
Convergence project outcomes to define

and build a flexible framework to readily
adapt and allow insertion of existing and
new C4ISR/EW technologies. Define A-Kit &
B-Kit Specifications, Common Interfaces and
Reference implementations for Electronics
Chassis, RF Distribution network and Power
Distribution network.
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Vehicle Electronics & Architecture Research
SIL (VRS)

The Army faces considerable challenges when
integrating electronics into ground vehicles,
compounded by the need to reduce cost and
redundancy across multiple platforms. The
VRS project will create a complete reference
architecture to address the power, vetronics,
and C4ISR integration challenges facing

the modernization of the ground vehicle
domain. This architecture and the associated
SIL (as a TARDEC test asset) will support
experimentation with future architectural
concepts and implementations. This effort also
includes the power management technologies
for the VRS project.

Virtual Experiments Capability (VEC)

The VEC will develop a process for modeling
innovative TARDEC technologies and inserting
them into the Army Capabilities Integration
Center (ARCIC)-led Early Synthetic Prototyping
(ESP) environment. ESP is an ARCIC-led effort
to develop a persistent video game environment
Soldiers want to play and researchers can use
to evaluate emerging military technologies.



L9 € —p JUBWAO[IN(Q] B WISAS Eey V' €9 €3y [BOJOUYID] B BOUDDG Eey |9
0 0 0 0 €vs 0 80°0 0 (€'9/2°9) 18S
CCAd TCAd 0CAd 6TAd 8TAd LTAd 9TAd (N$) solyoad Buipuny
18430
23ayvlL
dLISMIES
ONA
| a®3a |
12a
sanunyuoddo
juswi)sanu|
[enuajod R SAOY
aouabianuo) 4y
@ >—
juelsissy [eybig zo paseq-(ly) asuabijjaju] [e1oiy

¢coc

120¢

020¢

6L0¢C

8L0c

L10¢C

91n31233}IY24y swwon Aejd pue bn|4 uado

2017 PEO LS Advanced Technology Investment Plan | 69



THIS PAGE INTENTIONALLY LEFT BLANK

70| 2017 PEO LS Advanced Technology Investment Plan



WARFARE CENTERS

NSWC Port Hueneme
Port Hueneme, CA =

v

NSWC Corona d
Corona, CA

N

g i d :
’ = NSWC Carderock
West Bethesda, MD
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o&’ NSWC Dahlgren

Dahlgren, VA

NSWC Crane
Crane, IN
Lo <]
A NSWC Indian Head
Indian Head, MD

NSWC Panama City
Panama City, FL

Naval Sea Systems Command Naval Surface Warfare Centers Map

Naval Sea Systems Command (NAVSEA)

exists to make Naval (Navy and Marine

Corps) programs successful. The vision of
NAVSEA is to be the Navy’s trusted partner

for identifying and providing innovative cost-
effective technical solutions to the warfighter.
NAVSEA is responsive to the Naval enterprises,
the joint force and national requirements,
while partnering with industry, other DoD
laboratories, and academia. Within NAVSEA,
support for the warfighter is accomplished at
both the Naval Surface Warfare Center (NSWC)
and the Naval Undersea Warfare Center.

The mission of the NSWC is to operate the
Navy’s full-spectrum research, development,
test and evaluation, engineering, and fleet
support center for ship systems, surface

ship combat, and weapons systems, littoral
warfare systems, force warfare systems, as
well as other offensive and defensive systems
associated with surface warfare and related
areas of joint, homeland and national defense
systems from sea and ashore. NSWC also

provides the Navy’s core technical capability
for the integration of weapons, combat and
ship systems into surface ships and vehicles,
and for development and integration of
energetic materials for joint applications.

The Warfare Centers view the Marine Corps
as an important strategic partner. To facilitate
a productive relationship with the Marine
Corps, the Warfare Center Division Technical
Directors chartered the NAVSEA Warfare
Center USMC Collaboration Team (CT). The
vision for the CT is to work seamlessly across
the Warfare Centers Divisions to support and
advocate for technically superior and cost-
effective solutions for the Marine Corps. The
CT is a readily available resource to facilitate
Marine Corps stakeholder engagement

with the Warfare Center Divisions.

The following NSWC Division Fact
Sheets highlight each warfare center’s
capabilities and focus on capabilities
relevant to the Marine Corps.
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NSWC Carderock Division
(NSWCCD)

Mission

Provide research, development, test and
evaluation, analysis, acquisition support,
in-service engineering, logistics and
integration of surface and undersea vehicles
and associated systems. Develop and apply
science and technology associated with naval
architecture and marine engineering, and
provide support to the maritime industry.
Execute other responsibilities as assigned by

the Commander, Naval Surface Warfare Center.

Description

The Carderock Division consists of
approximately 2,000 scientists, engineers
and support personnel working in more than
40 disciplines ranging from fundamental
science to applied/in-service engineering.
We are the Navy’s experts for maritime
technology. The Division houses world-
class facilities and laboratories. Carderock’s
Headquarters is located in West Bethesda,
Maryland. The Division also conducts
research and development at several
remote sites across the country.

Technical Capabilities

» CDO04 Surface and Undersea Vehicle
Machinery Systems Integration

» CDO05 Combatant Craft and
Expeditionary Vehicles

» CDO07 Hull Forms and Fluid Dynamics

» CDO09 Surface and Undersea Vehicle
Mechanical Power and Propulsion Systems

» CDI10 Surface and Undersea Vehicle
Electrical Power and Propulsion Systems

» CD14 Surface, Undersea, and
Weapon Vehicle Materials

» CD15 Surface and Undersea
Vehicle Structures

» CD16 Alternative Energy and
Power Sources R&D
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» CD17 Liquid Waste Management,
Science and Systems

» CD18 Solid Waste and Hazardous Material
Management, Science and Systems,
and Ships and Subs Systems Safety

» CD20 Surface, Undersea and
Expeditionary Vehicle Vulnerability
Reduction and Protection

Facilities

» Acoustic Research Detachment

» Advanced Ceramics Laboratory

» Biotechnology Laboratories

» Center for Innovation in Ship Development
» Circulating Water Channel

» Combatant Craft Department

» David Taylor Model Basin

» Deep Submergence Pressure Tank Facility
» Dosimetry Laboratories

» Electrochemical /Battery Laboratories

» Environmental Protection Laboratories

» Explosives Test Pond

» Fatigue and Fracture Laboratories

» Fire Tolerant Materials Laboratories

» IR Systems

» Large Cavitation Channel (LCC)

» Large Scale Grillage Test Facility

» Magnetic Fields Laboratory

» Magnetic Materials Laboratory

» Maneuvering and Seakeeping Basin (MASK)
» Manufacturing Technology Laboratory

» Marine Coatings Laboratories

» Marine Corrosion Control and
Evaluation Laboratories

» Marine Organic Composites Laboratories

» Materials Characterization and
Analysis Laboratory

» Metal Spray Forming Laboratory

» Nondestructive Evaluation
(NDE) Laboratories



» Radar Imaging Modeling System (RIMS) PM-MRAP

» Rotating Arm Facility » Live Fire Testing and Evaluation

» Ship Materials Technology Center (LFT&E)/Survivability

» Shock Trials Instrumentation AUTOCELL

» Signature Materials Laboratories » Survivability

» Signature Materials Laboratory

» Small Gas Turbine Test Facility Marine Corps Systems Command
» South Florida Testing Facility SIAT (Systems Interoperability and

_ Architecture Technology)
» Southeast Alaska Acoustic

Measurement Facility (SEAFAC) » SBIR Program Manager
» Structural Dynamics Laboratory » Corrosion Prevention and
» Structural Evaluation Laboratory Control (CPAC Program)
» Subsonic Wind Tunnel » Expeditionary Power

» Survivability Engineering Facility PMM-115 (PM-Combat Support Systems)

» Welding Process and Consumable
» Power/Energy (MEHPS; GREENS, etc...)

Development Laboratories

USMC Headquarters Expeditionary
Energy Office (E20)

» Power/Energy

Current Marine Corps Support Areas

» USMC Platform/Vehicle Hydrodynamics
and Hydromechanics

» USMC Platform/Vehicle
Integration and Design

» Survivability

» Structures

» Materials

» Power/Energy

» Environmental Quality and System Safety

Current Marine Corps
Programs Supported

PEO-Land Systems
PM-AAA
» AAV Hydrodynamics

» AAV Corrosion
» ACV 1.0/2.0 Hydrodynamics
» ACV Human Factors

PM-JNLW
» Polymer Kelp Program (Small Boats/Craft)
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NSWC Dahlgren Division
(NSWCDD)

Mission

Provide research, development, test and
evaluation, analysis, systems engineering,
integration and certification of complex naval
warfare systems related to surface warfare,
strategic systems, combat and weapons
systems associated with surface warfare.
Provide system integration and certification for
weapons, combat systems and warfare systems.
Execute other responsibilities as assigned by
the Commander, Naval Surface Warfare Center.

Description

Through the years, Dahlgren established itself
as the major testing area for naval guns and
ammunition. Today, it continues to provide
the military with testing and certification

by utilizing its Potomac River Test Range in
Dahlgren, VA, and provides Fleet support

at Combat Direction Systems Activity in

Dam Neck, overlooking the Virginia Capes
Fleet Operations Area, Virginia Beach, VA.

NSWCDD conducts basic research in all
systems-related areas and pursues scientific
disciplines including physics, mathematics,
laser and computer technology, software,
mechanical, electrical and systems engineering,
and biotechnology and chemistry.

Technical Departments
» A Strategic and Computing Systems
» B Electromagnetic & Sensor Systems
» E Gun & Electric Weapon Systems
» H Weapons Control & Integration
» R Readiness & Training Systems

» V Warfare Systems Engineering
& Integration

» ME Mission Engineering &
Analysis Directorate
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Facilities

NWWCDD occupies four geographic locations,
the Naval Observatory in DC and Dahlgren,
Wallops Island, and Damn Neck in Virginia. The
NSWCDD Headquarters at Dahlgren is near
Quantico and the Pentagon. The Damn Neck
facility is near Marine Corps Forces Command
in Norfolk. NSWCDD includes several unique
national facilities including the Littoral
Operational Area Range and the Potomac River
Test Range. NSWCDD operates state-of-the-
art facilities supporting all assigned technical
areas such as: sensors, unmanned systems, fire
control systems, integrated warfare systems,
directed energy, railgun, chem-bio defense,
and electromagnetic environmental effects.

Current Marine Corps Support Areas

» Vehicle 3-D Modeling and Laser Scanning
drawing development, configuration
management and sustainment

» Vehicle Capability Insertions design,
integration, fielding and sustainment

» Expeditionary Command and Control
design, integration, and testing

» Energy Modeling, Analysis, and Testing

» Expeditionary Analysis,
Modeling and Simulation

» Human Systems Integration

» Safety Engineering

» Directed Energy Weapons

» Advanced Sensor Development

» Autonomous and Unmanned
System Development

» Chem-Bio Sensors and
Defense Development

Current Marine Corps
Programs Supported

Combat Development and Integration (CD&I)
» Engineering Support to Seabasing
Integration Division



Marine Corps Warfighting Laboratory (MCWL)
» Engineering Support

PEO Land Systems

PM-AAA
» AAV Emergency Egress Lighting
» AAV Electrical Upgrade
» AAV ARVCOP (Funded by PMS 495)
» Habitability

PM-Aviation Command & Control

and Sensor Netting

» CAC2S Software Integration
and Management

» CAC2S Test & Evaluation

PM-Medium and Heavy Tactical Vehicles
» LVSR 3-D Modeling
» MTVR 3-D Modeling
» Vehicle Capabilities Insertions

PM-G/ATOR
» Engineering and Acquisition

Marine Corps Systems Command

PM-MAGTF Command, Control,
and Communications (MC3)

» Combat Operations Center
(COC) Engineering

» Joint Battlespace Viewer sustainment
» E3 Hazards Engineering
» Composite Tracking Network (CTN)

PM-Ammo
» 40mm Ammunition

» Anti-Personnel Obstacle
Breaching System (APOBS)

» 120mm Ammunition, Missiles & Rockets

PM-Infantry Weapons Systems (IWS)
» Follow on to SMAW (FOTS)
» Raids and Recon Depot Support
» Anti-Armor
» M40A5 Rifle Improvement Project

PM-Armor and Fire Support Systems (AFSS)
» Ordnance Qualification
» Weapon System Integration
» M1A1 Weapon System Upgrades
» Ground Weapon Radar Support

PM-Light Armored Vehicle (LAV)
» Anti-Tank Modernization

PM SIAT
» Systems Engineering
» Energy
» CIED
» Expeditionary M&S and FACT Support
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NSWC Crane Division

Mission

Provide acquisition engineering, in-service
engineering and technical support for

sensors, electronics, electronic warfare and
special warfare weapons. Apply component
and system- level product and industrial
engineering to surface sensors, strategic
systems, special warfare devices and electronic
warfare/information operations systems.
Execute other responsibilities as assigned by
the Commander, Naval Surface Warfare Center.

Description

Naval Surface Warfare Center, Crane Division,
(NSWC Crane) is a shore command of the U.S.
Navy, under the Naval Sea Systems Command
headquartered in Washington, DC. It is a
business-based enterprise operating under
the Navy Working Capital Fund. Seventy-
three percent of the workforce is made up

of scientists, engineers, and technicians.

NSWC Crane Headquarters is located in
southwestern Indiana and is a tenant on

the third largest Navy installation in the
world. With nearly 100 square miles of land,
no encroachment, strong state and local
support, and a cost of living index 22.7 percent
below the U.S. national average, Crane is
indispensable to the nation as a high-value
provider of innovative solutions and services.

Multi-service partnerships with Crane Army
Ammunition Activity and Army/Indiana
National Guard’s Camp Atterbury Joint
Maneuver Training Center, Muscatatuck Urban
Training Center (MUTC), and Hawthorne Army
Depot in Nevada strengthen Crane’s ability to
rapidly assess new technologies immersed in an
operational-type environment with electronic
attack clearance and restricted air space.

In 2013, NSWC Crane realigned our technical
capabilities, thus increasing our military value
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assessment while integrating our adjacent
technology products and narratives. NSWC
Crane specializes in sensors, electronics,
electronic warfare, and special warfare
weapons. Our primary mission focus areas
are Special Missions, Strategic Missions,
and Electronic Warfare /Information
Operations. In support of these Mission Focus
Areas, Crane’s scientists, engineers, and
professional workforce provide stewardship
and high- military value knowledge,
contracts, hardware, and software across
the following Technical Capabilities with
support from the Business Capabilities.

Technical Capabilities

» CRO4: Electronic Warfare Systems RDT&E/
Acquisition/Life Cycle Support

» CRI10: Infrared Countermeasures and
Pyrotechnic RDT&E and Life Cycle Support

» CRI5: Strategic Systems Hardware

» CR16: Special Warfare and
Expeditionary Systems Hardware

» CR18: Advanced Electronics
& Energy Systems

» CR19: Sensors and Surveillance Systems

Current Marine Corps
Programs Supported
PEO-Land Systems

PM-Air Command and Control
and Sensor Netting (AC2SN)

» Common Aviation Command and
Control System (CAC2S)

» Marine Air Command and
Control System (MACCS)

» Composite Tracking Network (CTN)
PM-Ground Based Air Defense (GBAD)

and Ground / Air Task Oriented
Radar (GBAD & G/ATOR)

» G/ATOR

» Advanced Man-Portable Air
Defense System (AMANPADS)



» Counter - Unmanned Arial
Systems (C-UAS)
PM-Light Tactical Vehicles (LTV - Legacy)
» HMMWV
> [TV
» UTV

Marine Corps Systems Command

PM-MAGTF Command, Control,
and Communications (MC3)

» Ground Based Operational
Surveillance System (G-BOSS)

» USMC Counter Radio-Controlled
Improvised Explosive Device
Electronic Warfare (CREW)
PM-Marine Intelligence (MI)
» Topographic Production Capabilities (TPC)
» Target Material Production (TMP)
» Tactical SIGINT Collection System (TCSC)
» Technical Control and Analysis
Center (TCAC)
PM-Infantry Weapons Systems (IWS)

» PdM-Anti Armor Systems (TOW,
Javelin, SMAW, SABER)

PM-Armor and Fire Support Systems (AFSS)

» AN/TPS-59 and AN /TPS-
63 Long Range Radars

PM-Combat Support Systems
» Mk-154 Land Mine Clearance
» TMDE Systems

PM-Ammunition

» Ammunition Programs and
Inventory Management
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NSWC Port Hueneme Division

Mission

Provide test and evaluation, systems
engineering, integrated logistics support,
in-service engineering and integration of
surface ship weapons, combat systems

and warfare systems. Provide the leading
interface to the surface force for in-service
maintenance and engineering support
provided by the Warfare Centers. Execute
other responsibilities as assigned by the
Commander, Naval Surface Warfare Center.

Description

Naval Surface Warfare Center, Port Hueneme
Division (NSWC PHD) maintains technical
expertise at locations across the United States:
Engineering and Logistics at Port Hueneme,
CA; Search Radar Engineering at Virginia Beach,
VA; and Live Fire Testing at White Sands, NM.

Port Hueneme Division is recognized as

the Navy’s Center of Excellence for In-
Service Engineering, Test and Evaluation,
and Integrated Logistics Support for surface
warfare combat and weapon systems.

Since its inception in 1963, Port Hueneme
Division has been supporting the combat and
weapon systems of the Fleet by providing
highly skilled personnel and state-of-
the-art facilities to lead the development
and support of Navy surface ship warfare
systems throughout their life cycles.

Port Hueneme Division focuses its
technical capabilities on direct connectivity
to the Fleet on a global basis and the
immediate availability of around-the-

clock access to products, services, and
Fleet support capabilities. Capabilities will
support predictive system failure, remote
diagnostics, and corrective action via real-
time, networked communications.

Port Hueneme Division capabilities include
“Cradle to Grave” lifecycle engineering and
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sustainment planning to ensure that combat,
weapon, radars, air and surface surveillance
systems work effectively together to
accomplish ship, Strike Group, and Theater
Warfare assigned missions throughout their
life. Naval Enterprise area assignments
include: Surface, Aviation, Expeditionary
Combat, NETWAR /FORCEnet, and Undersea
for over 50 major acquisition programs. In
addition, NSWC PHD provides overland live
fire testing of Naval weapons in support of
weapons systems acquisition (missiles and laser
systems), assembly of weapons for overland
and at sea live-fire testing, launch of research
rockets, and assembly/launch of low- and
medium-fidelity theater ballistic targets.

Technical Capabilities

Provide In-Service Engineering (ISE), Test
&Evaluation (T&E), and Integrated Logistics
Support (ILS).

» PHO1 Strike Force Interoperability
and Theater Warfare Systems

» PHO2 Surface and Expeditionary
Combat Systems

» PHO3 Surface and Expeditionary
Weapon Systems

» PHO04 Underway Replenishment Systems

» PHO7 Surface and Expeditionary
Missile Launcher Systems

» PHO8 Radar Systems
» PHO9 Directed Energy Systems
» PHI0 Littoral Mission Module

» PHI1 Ballistic Missile Defense T&E
Specialized Target Vehicle Development,
Integration and Deployment

Marine Corps Support Areas

» Test & Evaluation (T&E), Integrated Logistic
Support (ILS), and In-Service Engineering
(ISE)

» Enterprise Product Life Cycle Management
Integrated Decision Environment (€PLM
IDE), Sustainment and Product Support



modeling and analytics/end-to-end
product data management

Current Marine Corps
Programs Supported

PEO-Land Systems

PM-Air Command and Control
and Sensor Netting (AC2SN)

» Composite Tracking Network (CTN)
T&E, M&S, ILS & ISE support

PM-Ground Based Air Defense (GBAD) and
Ground / Air Task Oriented Radar (G/ATOR)

» G/ATOR T&E, Production Monitoring,
Program Management, Contracting
Officers Representation, Reliability
Maintainability and Availability
(RM&A) Engineering, ILS Support

PM-Advanced Amphibious Assault (AAA)

» Amphibious Assault Vehicle (AAV) Family
of Systems (FoS) ePLM IDE product data
configuration management implementation

Marine Corps Systems Command
PM-Armor and Fire Support Systems (AFSS)

» AN/TPS-59 and AN/TPS-63
Long Range Radars T&E, Systems
Engineering, CM support

» AN/TPQ-49 Lightweight Counter Mortar
Radar Sustainability Study, In-Service
Review for USMC Primary Inventory
Control Activity (PICA), Diminishing
Manufacturing Sources and Material
Shortages (DMSMS) analysis

PM- SIAT

» In-Service Engineering (ISE),
Guidebook development & Training
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NSWC Indian Head Explosive
Ordnance Disposal Technology
Division (IHEODTD)

Mission

Provide research, development, engineering,
manufacturing, test, evaluation and in-
service support of energetic systems and
energetic materials (chemicals, propellants
and explosives) for ordnance, warheads,
propulsion systems, pyrotechnic devices,
fuzing, electronic devices, Cartridge Actuated
Devices and Propellant Actuated Devices
(CAD/PADs), Packaging, Handling, Storage,
and Transportation (PHS&T), gun systems
and special weapons for Navy, Joint Forces
and the Nation. Develop and deliver Explosive
Ordnance Disposal (EOD) technology,
knowledge, tools and equipment and their
life-cycle support through an expeditionary
work force, which meets the needs of the DoD,
combatant commanders and our foreign and
interagency partners. Support the Executive
Manager for EOD Technology and Training.
Execute other responsibilities as assigned by
the Commander, Naval Surface Warfare Center.

Description

The NSWC Indian Head Explosive Ordnance
Disposal Technology Division (NSWC IHEODTD)
located in Indian Head, MD brings together the
largest full-spectrum energetics facility in the
DoD with the largest concentration of explosive
ordnance disposal technology resources and
information in the world. The Division’s unique
synergy and balanced capabilities address all
aspects of the energetics technical discipline,
including basic research, applied technology,
technology demonstration, prototyping,
engineering development, acquisition, low-rate
production, in-service engineering, weapons
system integration, system safety, mishap

& failure investigations, surveillance, EOD
technology & information, and demilitarization.
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Technical Capabilities

» Threat and Countermeasure Information
Development and Dissemination
for EOD, IED, and CREW

» Technology Development and
Integration for EOD, IED, and CREW

» EOD unmanned systems
» Energetic and Ordnance Component
and Ordnance Systems for:
O S&T
O Air Warfare
O Surface Warfare
O Undersea Warfare
O Expeditionary Warfare

O Emergent & National Requirements.

Major Facilities

» Aircrew Escape Ordnance Devices
Development & Prototyping Complex

» Detonation Physics RDT&E and Acquisition

» Bombproofs, blast chambers,
self-contained gun ranges

» Continuous Twin-Screw Processing
R&D and Scale-up

» 20-mm, 37-mm, 40-mm and
88-mm extruders

» Novel Materials R&D
» Nano-energetic materials characterization
» Complete suite of analytical capabilities

» Cast Composite Rocket Motor and
PBX R&D & Scale-Up Complex

» Ordnance Test Facilities

» Chemical, Physical Property
and Metallurgy Labs

» Quality Evaluation (QE)/
Surveillance Facility

» Specialty Energetic Chemical
Scale-up Facility

» High Pressure Explosives,
Physics & Combustion Lab



» Bomb testing; Strand burning;
Combustion instability testing

» MEMS Clean Room, Underwater Warheads
RDT&E and Modeling & Simulation

» Foreign Ordnance Electronics
Exploitation Laboratory

» Magnetic Signature Test Facility
» Ordnance Disassembly Complex
» Hypervelocity Test Facility

» Oxygen Cleaning Laboratory

» EOD Diver Complex

Current Marine Corps

Programs Supported

PEO Land Systems

PM-Advanced Amphibious Assault (AAA)
» Amphibious Assault Vehicle (AAV)

PM- Light Tactical Vehicle (LTV)
» LTV System Safety

Marine Corps Systems Command
PM AMMO

» Multi Point Initiator (MPI)

» MK22 Mod 4 Rocket Motor

» MK154 Line Charge Release

PM Combat Support Systems (CSS)
» Explosive Ordnance Disposal (EOD)
» MK154 Electrical Systems:
» Design Review and Production
» CSS Program Safety

PM Infantry Weapon Systems (IWS)
» PdM Anti-Armor
» PdM Non-Lethal & Optics
PM-MAGTF Command, Control,
and Communications (MC3)
» Joint Battle Command - Platform (JBC-P)

PM Armor & Fire Support Systems (AFSS)
» PdM TANKS System Safety

Systems Engineering Interoperability,

Architecture & Technology (SIAT)

» System Engineering (SE) Division

» Developmental Test &
Evaluation (DTE) Division

» Safety (O0T) Division

Joint Non-Lethal Program Office

» Indirect Fire Munition Engineering/
Technical Support

» BAA & Contract
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NSWC Corona Division

Mission
NSWC Corona provides the Navy and Marine
Corp independent analysis and assessment,

with 1375 scientists, engineers, and support
staff, and more than 1200 contractors.

The mission of NSWC Corona is to “Serve
warfighters and program managers as

the Navy's independent assessment agent
throughout systems'’ lifecycles by gauging the
Navy’s and Marine Corps’ warfighting capability
of weapons and integrated combat systems,
from unit to force level, through assessment of
those systems’ performance, readiness, quality,
supportability, and the adequacy of training”

Description

Using a rigorous, disciplined independent
assessment process, NSWC Corona, located
in Corona, CA, provides the fleet, program
managers and acquisition community with
the objective assessment needed for the Navy
to gauge warfighting capability of ships and
aircraft, assess warfare training and analyze
new defense systems - even those systems

in the concept phase. This commitment to
independent assessment allows the Navy to
achieve the greatest value for acquisition,
material readiness and lifecycle management
programs - for Today’s Navy, the Next Navy, and
the Navy After Next. As the Navy’s metrology
and calibration authority, Corona also sets the
measurement science and calibration standards
to support proper weapons operation,
interoperability and peak readiness for the
fleet. Corona uses innovation and automation
to also reduce burdensome workload for
Sailors, while reducing maintenance costs
and increasing readiness for the Navy.

Technical capabilities and unique expertise
- ranging from missile defense assessment
to range and test instrumentation to
setting measurement standards - enable
Corona to support in-service and
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emerging weapons and combat systems
for key customers in critical areas.

Technical Capabilities

» ACO1 Warfare Systems
Performance Assessment

» AC02 Quality and Mission
Assurance Assessment

» AC03 Metrology, Test, and
Monitoring Systems Assessment

» AC04 Naval Surface & Air Range
Systems Engineering

» ACO5 Weapons Systems
Interface Assessment

» ACO6 Naval Systems Material
Readiness Assessment

» ACO7 Strategic Systems Testing and
Analysis, and Surveillance Assessment

Facilities

NSWC Corona is home to three premier
national laboratory and assessment centers:
Joint Warfare Assessment Lab (JWAL);
Measurement Science and Technology Lab
(MSTL); and Daugherty Memorial Assessment
Center (DMAC). Along with the “Corona
Engineers,” these state-of-the-art facilities
enable Corona to fulfill its unique mission

for the Navy. The JWAL and DMAC are at

the core of Corona’s integrated approach

to warfare assessment, and the MSTL is
where Corona researches and establishes the
metrology and calibration standards for the
procedures for the Navy and Marine Corps.
NSWC Corona’s Fallbrook Detachment is
strategically positioned next to Marine Corps
Base, Camp Pendleton providing integrated
Test and Evaluation (T&E) support to the fleet.

Using a rigorous, disciplined independent
assessment process, Corona provides the
fleet, program managers, and acquisition
community with the objective assessment
needed for the Navy and Marine Corps to
gauge warfighting capability of ships, aircraft,
and ground systems; assess warfare training;



and analyze new defense systems - even
those systems in the concept phase.

Current Marine Corps
Programs Supported
PEO-Land Systems

PM AC2SN

» Marine Air-Ground Task Force (MAGTF)
Common Aviation Command and Control
Systems (CAC2S) Analysis and Assessment

» Composite Tracking Network (CTN)
Analysis and Assessment
PM GBAD/GATOR
» G/ATOR Block 1, Analysis and Assessment

» G/ATOR Block 1, DT&E Test Director

MARCORSYSCOM
AC/ALPS

» Item Unique Identification
(IUID) Engineering

PM Ammunition
» Total Life-Cycle Assessment:
» In-Service Systems Engineering

» T&E Technical Agent for Operational
Reliability and Predictive
T&E for Surveillance

» Technical Agent for Fleet
Malfunction Investigations

» Global Inventory Supply Chain
Management and Pre-Positioning

» Knowledge and Information Management
» Joint Services Production Readiness
Assessments and Quality Engineering
PM CSS

» Test Measurement and Diagnostic
Equipment (TMDE) Maintenance

» Automated Test and Equipment
Program (ATEP) Calibration

» Metrology and Calibration
(METCAL) Engineering

» Infantry Weapons Gage Calibration
Program (IWGCP) Maintenance
PM ISI

» Emergency Response System (ERS)
Development and Maintenance

» Public Safety Network (PSNet) Engineering
» Secure Operational Network Infrastructure
and Communications (SONIC) Analysis
PM IWS, PdM AAS
» T&E Technical Agent for Javelin
» T&E Technical Agent for Tube-launch
Optically-tracked Wire-guided (TOW)
PM MAGTF C3 I2SA
» Joint Battle Command Platform (JBC-P) T&E
» MAGTF Common Handheld (MCH) T&E
» Military GPS User Equipment (MGUE) T&E

PM TRASYS
» Training Assessment Program Development

» Tactical Warfare Simulation Certification
and Accreditation (C&A)

» Tactical Training Ranges (TTR)
Development and Maintenance

» Virtual Battlespace Two (VBS2) C&A

SIAT
» Global Positioning System (GPS) Liaison

MCICOM
» Logistical Utilities Management and
Energy Systems Development

» Advanced Metering
Infrastructure (AMI) C&A

» Industrial Control Systems
(ICS) Assessment
MCB Camp Pendleton Environmental
Security Division
» Geographic Information Systems (GIS)

» Knowledge and Information
Management and Accreditation

» SharePoint Support
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MCOTEA
» Ocular Interrupter (OI) OT&E

» Assault Amphibious Vehicle Survivability
Upgrade Program (AAV SUP) Initial
Operational Test and Evaluation (IOT&E)

» G/ATOR, CAC2S, and CTN OT&E support.
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NSWC Panama City Division

Mission

Conduct research, development, test,
evaluation and in-service support of mine
warfare systems, mines, naval special warfare
systems, diving and life-support systems,
amphibious/expeditionary maneuver
warfare systems, and other missions that
occur primarily in coastal (littoral) regions.
Execute other responsibilities as assigned by
Commander, Naval Surface Warfare Center.

Description

Located in Panama City, FL, the division
is the technical center of excellence for
Littoral Warfare and Coastal Defense.

NSWC PCD Technical Capabilities

» PC20-Chemical and Biological Warfare
Individual Protection Systems
» PC21-Expeditionary Coastal

and Maritime Security System
Engineering and Integration

» PC25-Air Cushion Vehicle Systems

» PC26-Expeditionary Maneuver Warfare
Systems Engineering and Integration

» PC27-Special Warfare Maritime
Mobility Mission Systems and
Mission Support Equipment

» PC28-MCM Detect and Engage Systems,
Modular Mission Packaging, and Platform
Integration and Handling

» PC29-Littoral Mission Systems
Integration and Modular Mission
Packages Certification

» PC30-Unmanned Systems Engineering and
Integration, Autonomous Operations, Joint
Interoperability and Common Control

» PC31-Mine Sensor and Target Detection
Technology, Mine Delivery Platform
Integration, and Minefield Architecture

» PC33-Diving and Life Support Systems

» PC34-Surface Life Support Systems
for Extreme Environments

Facilities
Located on 650 acres, NSWC PCD operates
state-of-the-art facilities supporting all
assigned mission areas such as: LCAC Repair
and Maintenance Facility, Air Operations,
Sea Fighter (FSF-1), and the Littoral Warfare
Systems Facility. The Gulf Coast is an ideal
location for Expeditionary Operations
and Testing; NSWC PCD manages the
water space for the Joint Gulf Test Range
(JGTR), which includes Eglin ranges and
spans the Gulf of Mexico, bays, estuaries,
rivers and harbors. As part of the JGTR,
we perform amphibious operations
and have developed an Expeditionary
Maneuver Test Range for vehicle testing.

Current Marine Corps Support Areas

» Combat Engineer Route Reconnaissance
and Clearance (R2C) and Mobility/
Counter-Mobility design, integration,
testing, fielding, and sustainment

» Vehicle 3-D Modeling and Laser Scanning
drawing development, configuration
management and sustainment

» Vehicle Capability Insertions design,
integration, fielding and sustainment

» Expeditionary Command and
Control design, integration, testing,
fielding, and sustainment

» Energy Modeling and Analysis and Testing

» Expeditionary Analysis,
Modeling, and Simulation

Current Marine Corps Programs
Supported
PEO-Land Systems
PM-AAA
» AAV Emergency Egress Lighting
» AAV Electrical Upgrade
» AAV ARVCOP (Funded by PMS 495)
» Habitability
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PM-Medium and Heavy Tactical Vehicles
» LVSR 3-D Modeling
» MTVR 3-D Modeling
» Vehicle Capabilities Insertions

» Cougar Configuration Management

Marine Corps Systems Command

PM-MAGTF Command, Control,
and Communications (MC3)

» Lead Systems Integrator, Design Agent, In-
Service Engineering Agent for Expeditionary
Command and Control System

» Joint Battlespace Viewer sustainment

PM-CSS

» NSWC PCD is the Technical Agent (TDA,
ISEA, AEA, and SSA) for systems of the
USMC Engineering Systems Route
Reconnaissance and Clearance and
Mobility/ Counter-Mobility missions.

» CSE Enhanced Tray Ration Heating Sink

System engineering and testing support
PM-Infantry Weapons Systems (IWS)
» Raids and Recon Depot Support

PM- SIAT
» Energy
» CIED
» Expeditionary M&S and FACT Support

CD&I

» Engineering Support to Seabasing
Integration Division
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SPAWAR Systems Center (SSC)
Atlantic - SSC

Atlantic Strategic Guidance-Work
together as a high performing organization
delivering timely capabilities at the right
cost. Rapidly provide information warfare
capabilities that exceed expectations.

Land Systems Integration (LSI) Mission

Provide design, engineering, prototyping,
and full scale integration of C4ISR capabilities
into tactical ground vehicle platforms.
Improve USMC readiness through the
integration of mission equipment on

vehicle platforms. Provide fielding, post-
production, and sustainment support.

SSC Atlantic LSI Technical Capabilities

Rapid integration and fielding of new
capability into tactical vehicle platforms.

Complete System engineering data
management approach. The Amphibious
Combat Vehicle (ACV) and Assault Amphibious
Vehicle (AAV) program offices invested in

a suite of tools and SSC Atlantic LSI has
integrated them into a systems engineering
tool set. The tool set includes the following
applications and their supporting function:

» System Architect-Enterprise
Architecture (DoDAF)

» Rational DOORS & DOORS Next
Gen-Requirements Development,
Requirements Management, Requirements
Traceability, and Requirements
Verification/Validation Reporting

» Rational Team Concert-
Configuration Mgmt., Risk Mgmt.,
Task Mgmt., Defect Mgmt., etc

» Rational Quality Management-Manage
Test: Process, Plans, Cases, Scripts

» Rational Asset Management-
Enterprise Class Data Storage for
COTS / GOTS applications

» Open Services for Lifecycle Collaboration
(OSLC) Integration -Link to other
non-IBM applications (PTC Windchill-
Product Lifecycle Management,
supporting Technical Data Packages)

Open Technical Data Package (TDP)
development utilizing a wide range

of technology from 3D scanning, 3D
modeling, and 3D printing, as well as
expanding their capabilities in the realm
of mechanical and electrical simulation.

Software and Hardware Tool Set:

» 2D & 3D Modeling, Scanning
and Simulation Software

» AutoCAD Professional

» SolidWorks Professional (2013-2016)
» SolidWorks Electrical (2013-2016)

» PTC Creo 3.0

» GEO MAGIC DESIGN X

» ANSYS Mechanical

» ANSYS HFSS

» 3D modeling and scanning hardware

Rapid and dynamic MAGTTF test
environment architecture engineering.

Radio Frequency (RF) test and analysis
capabilities with the equipment, facilities,
personnel, and expertise to ensure RF
capable systems are compatible with
other subsystems and its host platform.

Shock and Vibration test and
analysis capabilities.

2017 PEO LS Advanced Technology Investment Plan | 87



Proactive collaborative teams utilizing
Government Quality Assurance
Processes and Procedures utilized.

Facilities
24,000 square foot Digital Integration
Facility (DIF) is reconfigurable to

support multiple concurrent platform
systems design and testing.

100,000 square foot Vehicle Integration
Facility provides the capability for
production scale C4ISR integration.
Configured to rapidly customize vehicular
platforms with mission equipment.

40,000 square foot Swing Space Facility
is a secure government Test & Evaluation
(T&E) laboratory. This space offers the
capability to connect to various secure
Government networks in coordination
with other DoD C4ISR projects.

USMC Programs Supported

PEO - Land Systems
» Advanced Amphibious Assault
(AAA)-AAV SW sustainment / 3-D
Modeling / COMMS upgrade

» Amphibious Combat Vehicle

» Light Tactical Vehicles (LTV)
-Joint Light Tactical Vehicle /GB-
GRAM-M integration and testing

» Medium and Heavy Tactical
Vehicles (M&HTV)-LVSR & MTVR
Integration / MRAP Integration

Marine Corps Systems Command
» Light Armored Vehicle (LAV)
-Win 10 Fielding / C2 SW
Sustainment / JBC-P / 117-G

» MAGTF Command, Control, and
Communications (MC3)-Networking
On-The-Move (NOTM) into MRAP
/ M-ATV / KC-130 / HMMWV

» Digital Fires Situational Awareness
(DFSA)- Mobile Tactical Shelter (MTS)
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» Force Protection Systems- CVRJ Support

» Expeditionary Power Systems

» Engineering Systems—Route
Reconnaissance & Clearance

Marine Corps Logistics Command
» MRAP



Section 7.0

MCWL/DARPA EFFORTS

The dynamic nature and trajectory of new
technologies have the potential to provide
dramatic improvements to the systems within
the PEO LS portfolio, as well as providing
increased capability to the warfighter.
Therefore, PEO LS strives to enhance its body
of technical knowledge by monitoring relevant
efforts of cutting edge organizations such as
the Marine Corps Warfighting Lab (MCWL)
and Defense Advanced Research Projects
Agency (DARPA). These efforts expose the S&T
Director to advanced concepts and emerging
technologies with the potential to address
current and /or possible future capability gaps.

This section presents a number of the
technologies that the PEO LS S&T exploration
process has identified as possessing potential
to address current / future capability gaps.
While these programs represent only a fraction
of MCWL and DARPA’s overall portfolios,

which encompasses a much broader spectrum
of military technology development, the
identified programs appear to have the
greatest applicability to the PEO LS effort.

Marine Corps Warfighting
Lab (MCWL)

The mission of the Marine Corps Warfighting
Laboratory is to conduct concept-based
experimentation for the identification,
development, and integration of operational
concepts with tactics, techniques,
procedures, and technologies in order to
improve the naval expeditionary warfighting
capabilities across the spectrum of conflict
for current and future operating forces.

The Science & Technology (S&T) Division
supports the MCWL Commanding General in
carrying out his responsibilities under Deputy
Commandant for Combat Development &
Integration (CD&I) as the Executive Agent

for Marine Corps S&T and experimentation

to develop advanced warfighting concepts

and capabilities. The S&T Division works in
conjunction with Office of Naval Research
(ONR), Defense Advanced Research Projects
Agency (DARPA), Department of Defense (DOD),
Marine Corps Systems Command (MCSC),
Program Executive Office, Headquarters
Marine Corps (HQMC) and industry partners

to develop the vision, policies, and strategies
needed to exploit scientific research and
technological development in support of USMC
combat development and experimentation.

The following MCWL programs have been
identified as most relevant to the PEO LS
portfolio and demonstrate the potential to
support the future direction of the PEO.
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Unmanned Tactical
Autonomous Control and
Collaboration (UTACCQC)

There is a
perceived
problem in
Marine Corps
tactical units
regarding
technological
advancements
and cognitive
load; specifically,
the almost infinite flow of new information
on the modern battlefield is overtaxing the
human brain. The development of Unmanned
Tactical Autonomous Control and Collaboration
(UTACC), an alternative warfare concept, could
clarify the relationship between technological
advancements and cognitive load. UTACC’s
purpose is to enhance mission accomplishment
while simultaneously reducing the cognitive
load on the Marine through collaborative
autonomy. Initially, UTACC could be employed
as a scalable decision support tool, automating
routine planning processes and improving
the efficiency of the small tactical unit.
Additionally, future efforts could automate
much of the processes needed to develop
and manage a common operational picture
automating the fusion of multiple sensors and
multiple across a dispersed battle space.

Specifically, the UTACC is a C2 framework
that enables unmanned systems (UxS) to
act collaboratively, and team with manned
formations. UTACC accepts mission-type
orders for automated mission planning, and
executes the mission within the operator
defined parameters. UTACC chooses how
to best leverage the capabilities of each

of a variety of UxS’s, and dynamically re-
plans in response to battlefield conditions.
This is all done with only occasional user
prompts, reducing the operator workload
and allowing one-to-many control,
putting Marines back into the fight.

90| 2017 PEO LS Advanced Technology Investment Plan

The end-state capability will allow a unit
to conduct a multi-UxS mission with
minimal operator input. One operator
will control many UxS’s - w/out cognitive
overload. It will recognize and queue the
operator to intelligence requirements and
assist with mission planning and execute
RSTA tasks in support of the mission.

Robotic Vehicle Modular (RV(M))

Robotic Vehicle
Modular (RV(M))
is a squad
multi-purpose
Unmanned
Ground Vehicle
(UGV) hosting
modular payload
architecture
providing the
ability to rapidly change out payloads for a
variety of missions. In its current configuration
the RV(M) weighs approximately 800-pounds
and is suitably sized to carry weaponized
payloads that include the Javelin anti-tank
missile, M2 or M134 Minigun. Additional
modular payloads include (but are not limited
to) remote target acquisition and designator,
reconnaissance, communications and logistics.
The RV(M) also capitalizes on the Marines’
Ground Unmanned Support Surrogate

(GUSS) autonomy package for command and
control which integrates well with the Marine
Corps future Unmanned Ground Vehicle
(UGV) concept. This capability will provide

an Expeditionary Landing Team (ELT) with a
highly mobile, MV-22 transportable, multiple
payload, squad-level infantry support UGV
capable of supporting a multitude of missions.

Autonomous Littoral
Connector (ALC)

The Enhanced MAGTF Operations Limited
Objective Experiment #2 (logistics) identified
Autonomous vehicles as effective tools for
the provisioning of logistics. Additionally,
fast-moving Unmanned Surface Vessels could



lower risk, while increasing efficiency for a
large number of missions, to include supply,
weapons transport, and amphibious assaults.
The ALC program will look to capitalize on
potential to reduce risk and increase efficiency
to conduct littoral staging and autonomous
resupply. The ALC will autonomously

provide operational and tactical maneuver
from seabases in alignment with the Marine
Operating and Expeditionary Advanced Base
Operations Concepts. Additionally, the ALC will
be used to develop and incorporate existing
navigation and sensor perception capabilities
(e.g. ACTUV, USV, Riverine, CARACaS),

testing of autonomous systems (which are
integrated into a LCM-8), and development of
autonomous surface craft CONOPS and TTPs.
The goal of the ALC program is to develop

a surrogate autonomous litoral connector

to deliver equipment, fuel or supplies from
ship-to-shore and throughout the littoral
environment in support of distributed
operations and / or SPMAGTTF operations.

Counter Unmanned
Systems (C-UxS)

As the barrier for entry in to the construction
of sophisticated unmanned systems has
fallen, many of these commercial off the
shelf (COTS) technologies are now within
reach of third world militaries as well as
terrorist organizations. In addition, the
explosive growth of unmanned systems

(air, land, surface or subsurface) UxS the
threat from these unmanned and soon to

be autonomous systems increases. MCWL’s
C-UxS effort involves the employment

of multiple networked and fused sensors
capable of providing detection, identification,
tracking and defeat capabilities to counter
their effects. The goal of the C-UxS will be to
develop an integrated, expeditionary suite of
networked capabilities to detect, identify, and
track, cue and kinetically or non-kinetically
prosecute enemy unmanned air, ground, and
surface /sub-surface systems. The project is
currently exploring a comprehensive suite

of technologies integrated onto a light MV22
transportable vehicle to demonstrate the ability
to execute an end-to-end C-UAS killchain

in a distributed operational environment.

Ground Unmanned Support
Surrogate (GUSS)

The Ground

Unmanned

Support

Surrogate (GUSS)

project developed

a system

of sensors,

controllers and

CONOPS to

experiment with

autonomous support vehicles at the lowest
levels. Fitted with electro-optics, lasers, and
navigation sensors, GUSS provides navigation
and obstacle sensing for autonomous missions.
The system is controlled by GPS-guided pre-
determined waypoints, a “follow me” mode
in which it shadows a warfighter, direct
tele-operation or can be man driven. GUSS
can navigate through wooded areas, urban
or open-terrain and has a cruising range of
482km without refueling and carry 1,7001bs
of cargo, (2) passengers and (1) litter patient.

The GUSS vehicle moves at the speed of a
troop on foot, or about five miles per hour.
The multi-purpose systems are designed

to operate on off-road terrain, day or night
in all weather conditions, and will support
dismounted troops with point-to-point
resupply, thereby reducing the loads manually
carried by Marines and providing a means
for immediate casualty evacuation. GUSS
can navigate through wooded areas, urban
or open-terrain and provide dismounted
infantry platoons with semi-autonomous

or fully autonomous logistic resupply and
casualty evacuations capabilities. The project
consists of development and testing of an
infantry support Unmanned Ground Vehicle
to support multiple resupply, CASEVAC, and
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reconnaissance type missions. Additionally, the
autonomous science and technology developed
for GUSS is being applied as the basis for

the autonomy incorporated into RV(M).

HEIT (Hybrid Energy ITV Trailer)

Hybrid Energy ITV (Internally Transportable
Vehicle) Trailer (HEIT) provides a Company
Landing Team Landing Team with a highly
mobile, MV-22 Osprey transportable electric
power solution that is matched to energy
demands and provides the flexibility to
operate with a variety of energy sources with
the ability to generate, scavenge, condition,
store, manage and distribute power. HEIT is
a MRZR Trailer reconfigured with a Tactical
Quiet Generator, battery bank and a power
distribution system capable of providing

3.5 kW/5kW of power. HEIT is also capable
of scavenging power, harvesting energy for
renewable sources such as solar, shore power,
or conventional energy provided by the on-
board generator. The intent of the HEIT is to
provide a Company. The current concept-
demonstrator is a two-wheeled trailer attaches
to the back of a vehicle, giving Marines a
versatile, transportable source of electricity.

Defense Advanced Research
Projects Agency (DARPA)

Established in
1958 as part

of the U.S.
Department of
Defense, DARPA
is designed to
pursue opportunities for transformational
change rather than incremental advances. Its
mission is to make the pivotal early technology
investments that create or prevent strategic
surprise for U.S. National Security. 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

92| 2017 PEO LS Advanced Technology Investment Plan

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.

The following DARPA programs have been
identified as most relevant to the PEO LS
portfolio and demonstrate the potential to
support the future direction of the PEO.

High Assurance Cyber Military
Systems (HACMS)

I

Develop formal methods and tools to
enable the synthesis and verification of
high-assurance cyber-physical systems.

The goal of the 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 adopts
a clean-slate using a formal methods-

based approach to enable semi-automated
code synthesis from executable, formal
specifications. In addition to generating code,
HACMS is developing a synthesizer capable
of producing a machine-checkable proof

that the generated code satisfies functional
specifications as well as security and safety
policies. Technologies are prototyped on a
research quadcopter and a USA TARDEC-
developed Ground Vehicle Robot (GVR-bot)
before being transitioned to the Boeing
Unmanned Little Bird (ULB) and the TARDEC
Autonomous Mobility Appliqué System (AMAS)
Heavy Equipment Transporter (HET).



» High-assurance OS components
and control systems

» Suite of program synthesizers
and formal-methods tools

» Architectural analysis workbench

The goal of the final program demonstration
is to show DoD requirements and
accreditation policy makers the feasibility
and broad applicability of the HACMS
approach to high assurance software.

Squad X Experimentation

Design, develop, and validate system
prototypes for a combined arms squad - Squad
X. Squad X would overmatch its adversaries
through the synchronization of fire and
maneuver in the physical, electromagnetic
spectrum, and cyberspace domains.

DARPA’s Squad X Core Technologies (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.
DARPA’s SXCT capability objectives are:

» Extend and enhance the situational
awareness of the Squad to their
entire operational environment.

» Increase the Squad’s maneuver time and
space through optimized use of their
physical, cognitive, and material resources.

» Enable the Squad to shape and dominate
their operational environment through
synchronization of fire and maneuver
in the physical, electromagnetic
spectrum, and cyberspace domains.

Ground Experimental Vehicle
Technologies (GXV-T)

Develop next generation ground platform
technologies that improve expeditionary

mobility, combined factors of tactical and
strategic, without sacrificing survivability.

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 U.S. 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.

DARPA’s Ground X-Vehicle Technologies
(GXV-T) program seeks to help overcome

these challenges and disrupt the current
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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 U.S. ground forces to
more efficiently and cost-effectively tackle
varied and unpredictable combat situations.

The GXV-T program seeks to develop advanced
technologies in the following four technical
areas:

» Enhanced Platform Mobility — Ability to
traverse diverse off-road terrain, including
slopes and various elevations.

» Enhanced Platform Agility — Autonomously
avoid incoming threats without harming
occupants through technologies that
enable, for example, agile motion and active
repositioning of armor.

» Crew Augmentation — Improved physical
and electronically assisted situational
awareness for crew and passengers;
semi-autonomous driver assistance and
automation of key crew functions similar to
capabilities found in modern commercial
airplane cockpits.

» Signature Reduction — Reduction of
detectable signatures, including visible,
infrared (IR), acoustic and electromagnetic
(EM).
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Mobile Hotspots

The program’s goal is to provide high-
bandwidth communications for troops in
remote forward operating locations.

The Mobile Hotspots program intends to
develop and demonstrate a scalable, mobile,
millimeter-wave communications backbone
with the capacity and range needed to connect
dismounted warfighters with forward-
operating bases (FOBs), tactical operations
centers (TOCs), intelligence, surveillance

and reconnaissance (ISR) assets, and fixed
communications infrastructure. The backbone
should also provide reliable end-to-end

data delivery between hotspots, as well as
from ISR sources and command centers.

The program envisions air, mobile and fixed
assets, most of which are organic to the
deployed unit, that provide a gigabit-per-
second tactical millimeter-wave backbone
network extending to the lowest-echelon
warfighters. To achieve this capability, the
program seeks to develop advanced millimeter-
wave pointing, acquisition and tracking (PAT)
technologies that are needed to provide high
connectivity to the forward-located mobile
hotspots. Advanced PAT technology is key

for connectivity to small UAVs, for example,
enabling them to serve as flying nodes on the
mobile high-speed backbone. Additionally,

the program seeks novel technologies to
increase the transmission power of millimeter-
wave amplifiers to provide adequate ranges
within the small size, weight, and power
(SWAP) constraints required for company-
level unmanned aerial vehicles (UAVs).



Aerial Reconfigurable Embedded System
(ARES)

The program’s goal is to demonstrate of a full
scale, modular, multi-mission vehicle capable of
vertical takeoff and landing (VTOL).

ARES is a vertical takeoff and landing (VTOL)
flight module designed to operate as an
unmanned platform capable of transporting

a variety of payloads. The ARES VTOL flight
module is designed to have its own power
system, fuel, digital flight controls and remote
command-and-control interfaces. Twin
tilting ducted fans would provide efficient
hovering and landing capabilities in a compact
configuration, with rapid conversion to high-
speed cruise flight.

It is envisioned that the flight module would
travel between its home base and field
operations to deliver and retrieve several
different types of detachable mission modules,
each designed for a specific purpose. Capability
objectives include:

» Modular - Rapid reconfiguration

» Multi-mission - Logistics; reconnaissance;
strike; force multiplier

» Embedded - Tactical organic warfighter
support

» Expanded access - Vertical takeoff and
landing

Tern

Long endurance unmanned aircraft system
operable from small ships and expeditionary
settings. Capable of generating persistent orbits
at long radius and high sea state operations.

Tern is an advanced technology development
program with the goal to design, develop,

and demonstrate a medium-altitude long-
endurance (MALE) unmanned aircraft system
and related technologies that enable future
launch, recovery, and operations from small
ships. Additionally, the program seeks to enable
on-demand, ship-based unmanned aircraft
system (UAS) operations without extensive,
time-consuming, and irreversible ship
modifications. It would provide small ships with
a “mission truck” that could transport ISR and
strike payloads long distances from the host
vessel. A modular architecture would enable

field-interchangeable mission packages for
both overland and maritime missions. It would
be able to operate from multiple ship types in
elevated sea states.
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Program objectives include:

» Develop objective system design with
operational radius from 600+ nm with a
modular 500+ 1b payload capability that can
operate from small ships

» Develop high sea-state-capable launch and
recovery approaches and technologies for
air vehicles capable of higher-speed, long-
endurance flight

» Flight Demonstrate Tern demonstration
system with launch and recovery capability
from a small ship footprint

O Precision approach and
controllability

O Reliability and operational safety
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Section 8.0

PEO LS PROGRAMS

Program Executive Officer Land Systems (PEO
LS) consists of six program offices overseeing
22 programs. The following sections discuss
the ATIP for each of the pertinent PEO LS
programs. Each selected program has a
dedicated section that is described in the
three parts listed below. The goal is to use all
available S&T venues to leverage resources

for PEO LS programs to close warfighter gaps
and solve program technology requirements.

Part One (Figure 8-1) describes the program’s
background, status, and Top Technical Issues.

action 8.2 FEQ LS Pr

AMPHIBIOUS COMBAT VEHICLE
PHASE 1 INCREMENT 1

Program Background

The Amphibicus Combat Vebicke (ACV 1.1) is an amored el that is

performance, protection, and paviead for empdoyment within the Grownd Combat Element {GCE) and
throughout the range of miltary operations. to include a swim capabllity. ACV 1.1 leverages and
corfinues the work that was previously accomglished undes the Marine Personnel Carrier (MPC)
peogram. Operationally, the ACY 1.1 will be employed in such & manner that allows combal unils fo
confinue the inland fight toward the objective afler an inial beachhead has been established. ACVs
will provide a very robust combat capabiity, with faatures including Mine-Resistant Ambush Prolected
(MRAFHevel surdvability, amphibious ability to negotiate two-foot signilicant wave height, and four.

foot phanging sur

Program Status

Twa vendors (SAIC and BAE) were s competa for the program and were awarded EMD
corracts afior Misstone B in me NI'; Tha Marine Corps expacts 1o starl dovelopmenial

lesing bn FY 2017 snd down select 1o & single vendor in Y 2010 st Miastons C. The ACV 11 s
wxpocted 1o achieve Intlal Oparational Capablity (10C) in FY 2020

ACV 1.1's Top Technical Issues
L Swyivability
solutions with specific focus on blast and direct fire

T that provide
peotociion arm needed for the ACY
L Wielpht

Tochnologies that provide lightweight solutions for veticle materlals and componerts are needed for
the ACV to achieve hilure sundvabdity, lethality, and mobility upgrades

A Coove Visihility

The ACV crew must malntain direct sensory knowledge of their surroundings o sabely and effecively
employ the system  This requirement indudes. but is not Bmied 1o, fully blacked out land/wales
oparations, siation keeping, chstacle detection (inchading neas-surlace obstacks). and eparation in
wrban envirnments. Technologies that provide the necessary situational awareness for the crew are.
critical to the execution of the ACV mission

Figure 8-1. Part One

Part Two (Figure 8-2) describes the program’s
quad chart, which addresses the program’s
fundamental information and characteristics,
i.e., specific information, including a detailed
program description, status, and schedule.

Part Three (Figure 8-3) graphically addresses
the Top Technical Issues for each program.

Each technical issues and related S&T projects
are aligned to the current program schedule.
It is divided into the following four sections:

Row one identifies the program’s major
milestones.

Row two display’s S&T initiatives that are
targeted to solve the technology issue.

The dark blue diamond with a yellow number
in the center depicts the expected Technology
Readiness Levels (TRL) at the beginning and
end of projects.

TRLs are used to measure the maturity level of
the S&T activities and initiatives.

» TRL 1 - Basic principles observed and
reported.

» TRL 2 - Technology concepts or applications
(or both) formulated.

» TRL 3 - Analytical and experimental
critical function or characteristic proof-of-
concept.

TR o, S sy e ol A By i S
Epace ol i n«:
acros litinral s and warbe caghot the range of milliary

Pre-MDAP TMRR Phase cpmrstions AN 2017

Koy Events
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Figure 8-2. Part Two
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Figure 8-3. Part Three

» TRL 4 - Component or breadboard
validation in a laboratory environment.

» TRL 5 - Component or breadboard
validation in a relevant environment.

» TRL 6 - System/subsystem model or
prototype demonstration in a relevant
environment.

» TRL 7 - System prototype demonstration in
an operational environment.

The color key on the far left side of the chart
identifies the seven different types of S&T
venues.

Discovery and Invention (D&I) programs
consist of basic and early applied research.

Exploitation and Development (E&D) focuses
on incorporating research into systems in
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preparation for inclusion into acquisition
programs.

Future Naval Capabilities (FNC) provide the
best technology solutions to formally defined
capability gaps and usually leverage past D&I
and E&D successes.

SBIR/STTR are composed of programs that are
focused on small business innovation.

Tank Automotive Research, Development

and Engineering Center (TARDEC), located in
Warren, Michigan, is the U.S. Armed Forces’
research and development facility for advanced
technology in ground systems. It is part of

the Research, Development and Engineering
Command (RDECOM), a major subordinate
command of the United States Army Materiel
Command. Current technology focus areas




include Ground Vehicle Power and Mobility
(GVPM), Ground System Survivability, and Force
Protection Technology, among others.

Other is a variety of other investment types,
including projects involving the Office of

the Secretary of Defense; initiatives that are
sponsored by the program office, such as Phase
“A” studies and congressional “plus ups”; and all
those not otherwise covered. See Section 8 for
a detailed list of applicable S&T venues.

Row three traces the issue from the originating
Marine Corps Capabilities List (MCCL), through
the identified gap via the Marine Corps Gap
List (MCGL), to the Science and Technology
Objectives (STOs) that are identified in the
Marine Corps S&T Strategic Plan, and other
S&T venues that address the technical issue to
illustrate the transition of technology to the
Program of Record.

The mapping alignment process traces

the technology issue/S&T initiative from

the required capability to the transitioned
technology. Using ACV Technical Issue

#1, Survivability as an example, MCCL 3.1
(Maneuver Forces) identifies the capability
that is associated with the technical issue.
Applicable tasks identified from the Marine
Corps Task List (MCTL). MVR STO-2 addresses
the Maneuver (MVR) STO addressing the
functional area of ground vehicle mobility.
The issues are then traced through potential
technologies and venues to the funded
transition of that advanced technology
capability. This is done for each program’s
top technical issue to map from the concept
to the capability, identifying how to solve this
technical problem, and how it can transition
into a program of record.

The bottom three rows describe the funding
profile associated with the S&T initiatives for
each listed year.

In summary, this edition of the Advanced
Technology Investment Plan captures the active
S&T initiatives that are currently being pursued

by PEO LS and are aligned to high-priority
technical issues and capability gaps in order to
“Focus the Future Faster” by delivering gap-
closing capabilities to the warfighter.
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Section 8.1

ASSAULT AMPHIBIOUS VEHICLE

Assault Amphibious Vehicle (AAV)

Program Background

The Assault Amphibious Vehicle (AAV) was
initially fielded in 1972 as the Landing Vehicle
Tracked 7 (LVT7). It was subsequently

renamed the AAV7 and upgraded to the AAV7Al
configuration in the late 1980s; and it was
upgraded to the AAV7A1 RAM /RS (Reliability
Availability Maintainability/Return to Standard)
configuration between 1998 and 2007. The AAV,
which continues to be the Marines’ primary
amphibious lift and armored personnel carrier,
provides ship-to-shore-to-objective mobility
as well as direct fire support with organic
weapons. The AAV Family of Vehicles consists
of the AAVP7A1 personnel variant, the AAVC7A1
command and control variant, and the AAVR7A1
recovery variant. The AAV is scheduled to
remain in service until at least 2035, requiring

upgrades as a bridge to the planned Amphibious
Combat Vehicle Phase 1 Increment 1.

Program Status

The AAV Survivability Upgrade Program entered
the acquisition cycle at Milestone B during FY14
and began the engineering, manufacturing, and
development phase. The program improves
force protection and platform survivability by
integrating mature technologies into the AAV.
These upgrades include belly and sponson
armor, blast-mitigating seats, spall liners,

and expected automotive and suspension
upgrades. Currently slated for 361 AAV
personnel and 44 AAV Command variants, the
upgrades will provide Marine Corps operational
forces with four battalions of lift plus some
additional support capabilities. The program’s
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developmental testing is currently ongoing.
Milestone C, authorizing entrance into the
production and deployment phase, is scheduled
for FY17, with an Initial Operating Capability
slated for FY19.

Upcoming efforts will focus on numerous
subsystems and components that will require
technology refresh and /or upgrades; they
include fuel tanks, fire suppression, radios and
intercoms, suspension, and driver’s display. The
requirements of the AAV Survivability Upgrade
Program and legacy sustainment may be met
with non-developmental items and mature
technology. The following areas, however, may
offer opportunities where advanced technology
could benefit the AAV.

AAV’s Top Technical Issues

1. Survivability

Technologies that provide advances in ceramic

and layered armor, blast seats, and spall liner to
improve survivability and reduce weight would

benefit the AAV Survivability Upgrade.

2. Weight/Buoyancy Management

Enhancing survivability will likely add weight to
the AAV. Alternative lightweight, economical
materials, along with design improvements to
increase and protect buoyancy, would benefit
the AAV Survivability Upgrade.

3. Reliability/Sustainment

The AAV is a 40-year-old platform that will
remain in service for years to come. The day-
to-day logistics, maintenance, and technical
challenges of managing such a dated platform
would be mitigated by advanced technology
that increases reliability and reduces operation
and maintenance support costs, which could
include advances in weapon station technology
(single and dual mount systems) that
specifically address operation in an amphibious
environment. Advances in diagnostics and
modernized maintenance management would
also benefit the AAV fleet.
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Section 8.2

AMPHIBIOUS COMBAT VEHICLE
PHASE 1 INCREMENT 1

Amphibious Combat Vehicle (ACV 1.1)

Program Background

The Amphibious Combat Vehicle (ACV 1.1) is

an armored personnel carrier that is balanced
between performance, protection, and payload
for employment within the Ground Combat
Element (GCE) and throughout the range

of military operations, to include a swim
capability. ACV 1.1 leverages and continues

the work that was previously accomplished
under the Marine Personnel Carrier (MPC)
program. Operationally, the ACV 1.1 will be
employed in such a manner that allows combat
units to continue the inland fight toward the
objective after an initial beachhead has been
established. ACVs will provide a very robust

combat capability, with features including
Mine-Resistant Ambush Protected (MRAP)-level
survivability, amphibious ability to negotiate
two-foot significant wave height, and four-foot
plunging surf.

Program Status

Two vendors (SAIC and BAE) were selected to
compete for the program and were awarded
EMD contracts after Milestone B in November
2015. The Marine Corps expects to start
developmental testing in FY 2017 and down
select to a single vendor in FY 2018 at Milestone
C. The ACV 1.1is expected to achieve Initial
Operational Capability (IOC) in FY 2020.
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ACV 1.T's Top Technical Issues

1. Survivability

Technologies that provide lightweight
survivability solutions with specific focus on
blast and direct fire protection are needed for
the ACV.

2. Weight

Technologies that provide lightweight
solutions for vehicle materials and components
are needed for the ACV to achieve future
survivability, lethality, and mobility upgrades.

3. Crew Visibility

The ACV crew must maintain direct sensory
knowledge of their surroundings to safely

and effectively employ the system. This
requirement includes, but is not limited to, fully
blacked out land /water operations, station
keeping, obstacle detection (including near-
surface obstacles), and operation in urban
environments. Technologies that provide the
necessary situational awareness for the crew
are critical to the execution of the ACV mission.

110 | 2017 PEO LS Advanced Technology Investment Plan



A A A A A A
T dyd < ddd T dyd ¢digl Tdi1 an3i
[ SJUSAT 1DeNUOo)
[ (syanze)zdud | (syan o€) z di¥1 _
[ (5yan 9s) T dud [ (suenog)Tdian | _ (SPIYaA 2€) aINg

Z11d (¥1)2) awa SJUaAT 1591

[vo] [(uwiz)iao |

VA SMOIASY Y13S

o
o
re
I®)
=

sose Sau0]So|l
Vv oswziy v asnztyY  opnw 'y asn Y e bk

WY4D0Ud
CCAd TCAd 0CAd 6TAd 8TAd LTAd 9TAd 40IYd

8T unf D au0oISa|IN
LT 10 :(vd)) 7 1u10d a8psimouy add

LT unf :(€d)) € w104 adpaimouy add

- 1 e _

\\\\\*/‘,,,Sa.-/' RS - .
jueleA-d Z'T ADJV 01 uondnpoud T°T LT JEIN ST :SS]2IYaA AN
AJV WOJj UOLISUBL} YI0OWS 34NSUS 1SN 10 1591 |elUBWIO|9AS(Q JUBWUIAAOY UISag
-s;uBWB.INbaJ LT 4Bl :(zd)) T 3ulod @3pajmouy add

P|OYSa4y1 pa2IXa 40 193W SYSH/Sdd)l

||e 104 S91BWNSS ‘B|NPaYIS U0 weidold . Aemiapun
{(y2ea 9T) pIIng AN DIVS/3VE

SuIaduo0)/sanss|/snieis weisoid SIUaNg A9y

2017 PEO LS Advanced Technology Investment Plan | 111

9seyd ddNl /dVAN-3id

‘'suopesado Ateyljiw jo
98ueJ ay1 1noy3n o4yl S9[281SCO J91eM puB|Ul PUB |BJOT}| SSOJOE PUB pue| Uo >0<
uoljeneq Asjuejul ay3 jo adeds JaAnauew ay3 Suipuedxa 14oddns a4y 30341p

pue Ajljigow paldalosd-towle ‘Aseuonipadxa ‘pa|saym apinoid ‘uondiadsaqg



L9 € — JUBWAO[AD(Q B WNSAS EeP 19 €9 C—————————y ABO|OUYDD] B FOUDIG Eey |9

0 0 0 € X4 668 Sl (¢'9/2'9) 1'8S
(44| LZAd 0ZAd 6LAd 8LAd LIAd 9LAd (N$) seiyold Buipung
$S920.d
9LV 193]S pue Jeajaq jeaiy) wapuey - ucwE:m__< m:_aams_
SdV 2|1yoid Mo Jybramyybi Joj saibojouyaay - Anqede) o} 3dasuos
§34V paseg snoanby - -
wa)sAg uo1Iaj0Id Wa|o9 -
nuig s}oay3 Jsejg-joedw-19A0f[0y J00-HN - 0
salfojouyaa) aoueploAy uolda)a( -
A3Q S9N PUB [LIBJeW 3UBPIOAY UOHD3)A( - $-01S MAW
uoneby suodeapp ABiau3 pajoang -
03qdvL |assap Buiwsemg snoiqiyduy - ¢-0LS "AN [
SSNUSK RBOTOU53L §0IS
<@ > 1260
D1V 199|9s pue jeaja( jealy] wapuej ayv

Wy o014 o7 WBBMYBN Jo} seibojouloa)

_ S34V paseg snoanby . a w 3
& sk uoposioig wops >

ssss_mzoﬁm Jse|g-joedui|-1an0]j0y u_oc._ﬁ_sﬂ

& saifojouysa) aouBpPIOAY :o_uoﬁmo.

saijlunuoddQ

‘ juawidolaAaq SBIN PUE [eLIdje|\ 32UBPIOAY UOI}D9}a( 0 _m_unuwh_umwwnrg
‘ uonebiiy suodeapy ABiaug pajaaliq ‘
> [9SSa) bulwiemg snoiqiydwy >
504 TLAOY ool T AV s
e — ——". (—()
< _ 'L AJV 1d _ _ 3%.101/La/1sSnd _/\ /\ weiboid

[AA\TA 120¢ 020¢ 610C 810¢ L10C 910¢

AjiqeAlning L anss) [eoluydsal AV

112 | 2017 PEO LS Advanced Technology Investment Plan



L9 € — JUBWAOJ3AS(Q B WIISAS Eeey 'O €9 C————————y ABO|OUYDD] B FOUDIG Eey |9
0 0 444 12’02 60791 ¥9°61 €891 (¢'9/2'9) 1'8S
(44 Y| LZAd 0ZAd 6LAd 8LAd LIAd 9LAd (n$) saiyold Buipung

fouajadwiog uonoajoid ailg - $S920.d
Jouwuy paoueApy - juswubiy Buiddep
(0v7H) eyisodwogjwnuwiniy paseke pugAH - Apqede) o3 3dasuon
Jouny Jybrampybi uonelauas IxaN -
ABojouysa] uoiaa}0Id 3ARIY -

By 0

BABIPPY) S|eLiajew Jowuy juaipess) Ajjeuonound -

uonjesBajuj/suonyesijddy Jowuy Jybramybi - $-0LS ¥AN
salbojouya) 9|aIYyap-X punols -
03ayvL AIgS Jowy jusledsuel] - ¢-01S ¥AN [

SSNUSK KBO[OUY33L §OIS

0 Kauajadwo? uonyasjoid all4

Jow.ly pasueApy
‘ a=g3
(9v1H) susodwon/wnuiwn|y pasake pugiy T
Jowuy ybramyybi :o_uﬂwmww IXaN
. KBojouyaa] uonaaj0id aAIY .
‘ 0 saijlunuoddQ
(BYN 9AIIPPY) S|eLId)eN Jowlly Judlpeis) Ajjeuonouny JusWySsaAU|
‘ leuajod @ SAIOY
uoneibajul/suoneslddy Jowly _:m_gszm_._
m_mw Jouwly Juasedsues)
904 A%.%) A% .%) ana
a > ﬁ > > sjuiod uolpasu|
'? 9UOISIIN
< | TLADV 1A | | 3®l01LASNA _< /\ weiboud

[AA\TA 120¢ 020¢ 610C 810¢ L10C 910¢

AyligeAlnIng L# anss]| [ea1uydd] ADJV

2017 PEO LS Advanced Technology Investment Plan | 113



¥

(——%

[Z1ADV 1d |

ANA
[ 3sL0ILAASNA _/\ /\

[AA\TA

120¢ 020¢ 610C 810¢ L10C 910¢

AjiqeAlning L anss) [eoluydsal AV

L9 € —p JUBWAO|IAD(Q] B WOISAS Eey  1°9 €9 C—————————y ABO|OUYDD] B FOUDIG Eey |9
6€ze yove €8°0¢ (11947 Y98y 74 01°€S (£'9/Z'9) 18S
(44| LZAd 0ZAd 6LAd 8LAd LIAd 9LAd (N$) seiyold Buipung

ssaoold
juswubiy buiddepy
$19SET] W04 UOH9I8J01d JOSUSS - Ayjqedes o3 ydasuo)n
SdVIN Sapnjaul) uoijoajoid eAoY ;_wam
Anm._.v Y2Jeasay uoijdajoid Josuag ainjng - 0
unjiuepy juswssassy Ainfuj Jorep -
1001, uonaadsu] [INH @31sod - 7-01S "AN
d
SE eraan woodonn oonemduos. Ml Z-OLS MAN -
SONUBR KBO[oUT53L §0IS
1810
- S19SET WO} U0I}23)0.d I0SUdS az3
- (Pv2 SAVIN Sapnjaul) uonodjoid dA1OY Je|npoj .
- (a@gl) yoeasay uo1}99)0.d 10Suag ainyng ’
- ’ saijlunuoddQ
unjiuepy juswssassy Ainfuj Joruep Juswisanu|
lenuajod @ aAY
loo) uoldadsul |InH @31-sod
. NVINIAVI -
(A%
J04 an3

Sjulod uoiuasuj
'8 dUOISIIN
weiboid

114 | 2017 PEO LS Advanced Technology Investment Plan



L9 € — JUBWAO[AD( B WNSAS Ee 179 €9 C—————ey ABO|OUYDD] B FOUDIG ey |9
0 L 19'81 90°0¢ 091 9T’ 08°C (gr9/Z'9) 1'8S
CCAd LCAd 0ZAd 6LAd 8LAd LIAd 9LAd (N$) selyoad Buipungy
sopsileg uf saipnjg Buijess - $S920.d
snolquydue 1oy spustuanoiduil Aousioy3 feny - juswubijy Buiddepy
SsopoIyan Ayjqgedes o3 3dasuo)n
snoiqiydury 10} Jsneyx3 a|a1yaA Jybremyybi -
sainjonug |InH aAndepy -
Apmg Bunyeg Jejaweled paads Jajepm YbiH AJV - 0
"Py1YajeAeN ‘(MI-3Sva) I
3|qejeju| - Juawadsueyug paadg puy Aouekong - $-01S ¥AN
sjuawaoueyug AHIIGON X'} AV -
el (1'35M7) ABojouyoa) B swiayshs JyBlam ubIT - CoLe kit I
SSNUSK ABO[OUYSSL §0IS

1810

<D * a33

$3]91yaA shoiqiydwyy 10} syuawanoidwy Aduaidiyg [an4 :

$9]91YaA snolqiydwy Joj ysneyx3 ajoiyap bramybi
$3Injon.AgS |InH aAdepy
fpnig Bumeg Isjaweled paadg sajem YbIH ADV semunyoddo
"pI] YajeAeN ‘(MI-asva) Wy w_o_sm?_ - Juswisoueyu3 peadg puy Aoueko 010t 5 N
_ : lenusjod @ 8AROY
004 [A%,%) 4 [A%,%)
0l an3
a > > > Sjulod uonsssuj
/\ ‘ /\ /\ ' BUOISIIN
[TVAOV 1Q | [3vL0/La/SNd | weiboid

JYBISM Z# onss] [edluyda] AJV

2017 PEO LS Advanced Technology Investment Plan | 115



L9 € —p JUBWAO|IAD(Q B WIISAS G {9 €9 €3y [B0OJOUYID] B OUDOG Eeey |9

0 00°L 8.'92 6162 1252 1£°6 0 (£'9/2°9) 19S

CCAd LCAd 0CAd 6LAd 8LAd LIAd 9LAd (W$) sajyoad Buipung

S$S9201d
juswubiy buiddepy
Apgede o3 3dasuo)

S)UE|009 3J17 PapudlXT -

uoneaI[ENY S[aN4 SAIJRUIB)|Y -
3ouabiaAuo) 4y -

sajoIyaA qyduy

410} wayshg uoisuadsng Ajxajdwog mo - 0

(1o3u09 aujbu3 jesaig aandepy :ap1 pIO)

°f ] S-0LS YA
aulbug anoidw) o} uondnpay peo
03quvL coRiIeAIoQ A 08 YA~ 7OLS YAN -

SSNUSK RBOOUg53L §OIS

sanunoddo
JUBWIISAAU|
|enuajod @ aAldY

- sjuawadueyuz AIqoN X' AJV

.’ Jojelysuowaq 9|iqol VaIA ’

904 [A%%) ) LAY
a > ﬁ > > = sjuiod uoiasu|
'3 dUO}SaIN
v | TV AJV .10 | | _32L01/L0/7SN _/\ v weBoid

¢coc 120¢C 020¢ 61L0¢C 8L0¢ L1L0C 910¢C

AINqISIA Ma1D ¢# anss] [ed1Uyda)l ADV

116 | 2017 PEO LS Advanced Technology Investment Plan



-- LT
i oy s ¥y
(e B EES L wn

.-.--'Il;-".'
k! - b L
w

Section 8.3

COMMON AVIATION COMMAND
AND CONTROL SYSTEM

Common Aviation Command and Control System (CAC2S)

Program Background

The Common Aviation Command and Control
System (CAC2S) is a modernization effort

to replace the existing aviation command
and control equipment of the Marine Air
Command and Control System (MACCS).

It also will provide the Aviation Combat
Element (ACE) with the necessary hardware,
software, equipment, and facilities to
effectively command, control, and coordinate
aviation operations. CAC2S accomplishes the
MACCS missions with a suite of operationally
scalable modules to support the MAGTF,
Joint, and Coalition Forces. CAC2S integrates
the functions of aviation command and
control into an interoperable system that

will support the core competencies of

all Marine Corps warfighting concepts.
CAC2S, in conjunction with MACCS organic
sensors and weapon systems, supports

the tenets of Expeditionary Maneuver
Warfare and fosters Joint interoperability.

The CAC2S program employs an evolutionary
acquisition strategy using an incremental and
phased approach for development and fielding
of the CAC2S. The Capabilities Production
Document identifies two increments to achieve
the full requirements of CAC2S. Increment [

of the CAC2S modernizes the assault support,
air support, air defense, and ACE battle
management capabilities of the MACCS.

Increment [ of the CAC2S is accomplished
through a two-phased approach. The CAC2S
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PMO structured Phase 1 to accommodate rapid
fielding of operationally relevant capabilities, to
include mobility, situational awareness, tactical
communications, information dissemination,
and operational flexibility. Phase 1 established
the baseline CAC2S capabilities for the MACCS
and improved overall Aviation Command and
Control performance and effectiveness. Phase 1
was accomplished by upgrading fielded MACCS
equipment with mature, ready technologies,
and it established an initial product baseline
for a Processing and Display Subsystem

(PDS) and Communications Subsystems.

Phase 2 addresses the requirements for
remaining ACE Battle Management and
Command and Control requirements and
implements the Sensor Data Subsystem to
fuse input from expeditionary sensors as
well as real-time and near real-time data
from ground force C2 centers, weapon
systems, and Joint Strike Fighter sensors
into a common operational picture of the
battlespace. Phase 1 Limited Deployment
Capability was achieved in 4QFY11. Phase

2 will accommodate the integration of
technologies necessary for CAC2S to meet
remaining ACE Battle Management and
Command and Control requirements. Phase
2 completion will result in delivery of the
full CAC2S Increment I capabilities, and full
deployment fielding will begin in FY17.

Although requirements beyond Increment

[ are not yet defined, it is envisioned that
CAC2S will continue to be developed in an
evolutionary acquisition approach; follow-
on increments will be defined and captured
in subsequent Joint Capabilities Integration
and Development System documents.
Those increments will potentially focus on
capabilities for an airborne node, integration
of Air Traffic Control functionality, ground
based air defense node, advanced decision
support tools, Unmanned Aerial Systems
ground station interoperability, Integrated
Fire Control, Single Integrated Air Picture,
Integrated Architecture Behavior Model,
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integration with fifth generation aircraft, and
full Network Enabled Command and Control.

Program Status

Phase 1 achieved Full Operational Capability in
September 2013. Currently, 20 Phase 1 systems
are deployed in units comprising the Marine
Air Control Group of the Marine Aircraft

Wing and the Marine Corps Communications
and Electronics School in 29 Palms, CA.

The Government successfully completed
Initial Operational Test and Evaluation of the
Phase 2 systems in 2QFY16 and is preparing
for full rate production. The Government
released a Request for Proposal on 7 October
2016 and expects to award a contract by
3QFY17. The production contract will enable
the Program to field systems to attain the
program’s acquisition objective and provide
software sustainment services to produce
software builds that maintain the system’s
cybersecurity posture and address software
corrections and capability improvements.

CAC2S’ Top Technical Issues

1. Bandwidth Efficient Radar
Measurement Data Distribution

CAC2S currently interfaces with USMC air
surveillance radars using high bandwidth,
Local Area Networks (LANs) that are connected
by tactical fiber optic cables. This approach
limits radar emplacement to locations within
relatively close proximity to CAC2S, which
may not allow optimal surveillance coverage.
This limitation will also preclude CAC2S

from receiving air surveillance data directly
from the Ground Weapons Locating Radar
(GWLR) version of the G/ATOR. Connectivity
between CAC2S and USMC radars using
fielded data radios/wireless communications
systems or a Wide Area Network is preferred,
however this approach must consider
bandwidth limitations of the supporting
communications systems and architectures.
The PMO seeks solutions that enables radar



measurement data to be extracted from
existing radar outputs / interfaces and
compresses this data to enable it to be sent
to CAC2S in a bandwidth efficient manner.

2. Bandwidth Efficient Networked
Voice Communications Vehicles

The CAC2S AN/MRQ-13 Communications
Subsystems (CS) currently interfaces with
the CAC2S operations facility using high
bandwidth, Local Area Networks (LANs) that
are connected by tactical fiber optic cables.
This approach limits CS (and associated radio
antennas) emplacement to locations within
relatively close proximity to CAC2S, which
may not provide optimal tactical voice radio
line-of-site / coverage. Additionally, the CS
lacks the ability for remote users to access
the tactical voice radios contained within a
CS. As such each CS currently functions as
a dedicated communications platform for
the agency with which it is deployed. The
PMO seeks bandwidth efficient solutions
that enables the tactical voice radios
contained within the CS to be connected to
the CAC2S operations facility using fielded
data radios / wireless communications
systems. Additionally, the preferred solution
will allow bandwidth efficient networking
of CS’s across a Wide Area Network (WAN)
enabling users to remotely employ tactical
voice radios contained within a CS.

3. Cross Domain Security Solutions

MACCS units are increasingly tasked to
support exercises and operations that

involve coalition forces. Meanwhile, CAC2S
operates on SIPRNet as its primary data
network for information exchanges, while
most coalition systems and users operate

on CENTRIX. Although some information

that CAC2S processes could potentially be
exchanged with coalitions forces; system,
network and data security considerations
prevents CAC2S from exchanging information
on SIPRNet and CENTRIX concurrently. The
PMO seeks NSA-approved, Marine Corps
Enterprise Network (MCEN) authorized, small

form factor solutions that enables CAC2S

to operate in cross domain environments,
allowing exchange of select information

with coalition partners through automated
processes, while maintaining security
requirements of the discrete network domains.

4. Small Form Factor CAC2S

CAC2S is designed to operate as main unit
MACCS agencies (DASC, TACC, TAOC). These
agencies often deploy smaller, mobile, forward
echelon detachments that require similar
information and capabilities (or a subset) that
are available with a main unit. Meanwhile,
transport and employment considerations

for forward echelon forces severely limits the
size, weight and power (SWAP / footprint)

of the equipment that these detachments

can deploy.The PMO seeks solutions that
minimizes the footprint of equipment required
to employ CAC2S capabilities with forward
echelon detachments. The preferred solution
will consider environmental conditioning and
power consumption / generation factors that
tend to increase a system’s footprint due to
the required addition of ancillary equipment.

5. Contextual Search Engines

CAC2S processes inputs from aircraft, sensors,
data links, and other C2 systems. The data
is stored and fused in a global track file and
displayed to the operator for situational
awareness and decision making. Typically,
operators in C2 systems get overwhelmed
by “too much information” and suffer from
the “glare” of information. Data typically
flows through the system, but the operator
cannot locate or access the data when it is
needed. The PMO seeks technologies that
can discern the themes and relationships
among data in unstructured content. Search
results can identify relevant results based
on context, not just keyword matches, by
examining contents of a document as well
as the files by which it is surrounded.
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GROUND BASED AIR DEFENSE

Ground Based Air Defense (GBAD)

Program Background

The Marine Corps’ organic Ground Based Air
Defense (GBAD) capabilities are centered on
the Low-Altitude Air Defense (LAAD) Battalions
of Marine Air Wings. LAAD battalions currently
use the Stinger missile, originally fielded in 1981
and upgraded since to Block I configuration, as
its primary weapon system for air defense. It

is expected that the Stinger missile will be the
primary GBAD asset for the near future, and
the missile is currently undergoing a Service
Life Extension Program (SLEP) to maintain its
operational effectiveness and longevity. An
Analysis of Alternatives (AoA) for the GBAD
Next Generation Weapon System (NGWS)

has recently completed and will result in a
Capability Development Document by the

end of fiscal year (FY) 2017. In addition to the
AoA, there is the GBAD On-the-Move (OTM)
FNC project. This program seeks to develop

an agile and cost-effective, detect and-engage

capability against low-altitude, observable, and
low-radar cross-section air threats.

Programs and projects included in the GBAD
portfolio are:

» Stinger Missile SLEP

» Advanced Man-Portable Air Defense
(A-MANPADS) System Increments 0 & 1

» Stinger Night Sight Replacement

» Identification Friend or Foe (IFF) Mode IV
Replacement

» GBAD NGWS

Program Status

Stinger Missile SLEP

A Stinger Missile SLEP began in FY14 and is
scheduled to complete delivery in FY18. The
SLEP is essential and required to meet the War
Reserve Munitions Requirement and to provide
sufficient training rounds after 2019. The

SLEP is a joint effort with the Army’s Program
Executive Officer - Missile System to prolong
the life of the Stinger Missile by replacing aging
components such as the flight motors and
missile energetics.

Advanced Man-Portable Air Defense
(A-MANPADS) Increments 0 & I

A-MANPADS was designated an Abbreviated
Acquisition Program (AAP) in 2005 and is
executing a single-step to full capability
acquisition strategy by integrating commercial
off-the-shelf (COTS) and NDI subsystems.

The concurrence to pursue the full Approved
Acquisition Objective for Increment I of 38
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Section Leader Vehicles (SLV) and 143 Fire

Unit Vehicles (FUV) was received in 2015.
A-MANPADS Increment I vehicles contains
hardware and software for a tactical data

link capability, which allows the LAAD BN to
connect to various C2 agencies to receive an
air picture down to the LAAD Fire Teams. The
fielded datalink capability is supported by a
Joint Range Extension Sustainment contract
that was awarded in September 2013 for five
years. An Engineering Change Proposal (ECP)
has been approved for all A-MANPADS FUVs,
which will be transitioning to a HMMWV

Prime Mover platform to rectify obsolescence
and operational deployability of the current
chassis. Included in this ECP is the replacement
solution for the Harris Communication secure
tactical wireless capability, SECNET-11, which
has reached obsolescence and is being replaced
with the AN/PRC-152A radio. A follow on ECP is
planned to transition the current SLV capability
to the same HMMWYV Prime Mover platform.

Stinger Night Sight Replacement

The AN/PAS-18 Stinger Night Sight is being
replaced in a joint acquisition with the Army
through the Army’s Family of Weapon Sights

- Crew Served development and production
efforts. The future optic will be replaced with
a state-of-the-art, high-definition Focal Plane
Array (FPA), providing greater target resolution
and detection capability against the full
spectrum of threats to include UASs.

IFF ModeV

GBAD plans to procure a replacement IFF
system in a joint acquisition with the Army to
meet a Joint Requirements Oversight Council
requirement to be Mode V capable and
compliant by 2020. The effort will replace the
current AN/PPX-3B analog interrogator with
a new digital Mode V interrogator, which can
operate with Stinger Missile or Army Avenger
system. Efforts will include AIMS box level and
platform integration testing.

GBAD
The GBAD Program Office is currently
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investigating potential kinetic and non-kinetic
capability to counter the full spectrum of
threats to include UASs. Efforts include the
GBAD On-the-Move (OTM) Future Naval
Capability program, funded by the Office of
Naval Research and developed by Naval Surface
Warfare Center, Dahlgren, VA. This effort

is investigating the feasibility of hosting a
directed energy solution on tactically relevant
vehicles such as the Joint Light Tactical Vehicle
(JLTV) or High Mobility Multipurpose Wheeled
Vehicle (HMMWYV).

GBAD’s Top Technical Issues

1. Counter Unmanned Aircraft System
(UAS)

Based on the proliferation of inexpensive

Low, Slow, and Small (LSS) Unmanned Aircraft
System (UAS); a cost effective kinetic and /or
non-kinetic counter UAS capability is required
to negate the threat at the system’s weapon
keep out or sensor ranges. The counter UAS
system should provide a low cost per shot
system with a high probability of kill against a
group 1 UAS. Three technologies are currently
being sought after to counter UASs.

» Missile System: A small, low cost missile that
is capable of countering UAS threats.

» Radio Frequency Jammer: A lightweight
integrated detect, track, identify, and
defeat capability that can react to emerging
technologies to address new threat sets.
The system should either allow the user to
reconfigure the defeat capability to address
varying threats or do it automatically.

» Laser: A more stable beam director and
a better dual axis gimbal are required
to concentrate the amount of power on
target. An improved tracking software that
eliminates or compensates for the cone of
confusion within the radar capability.

To compliment a lower cost per shot defeat
system, a miniaturized radar that is capable

of being mounted onto a lightweight tactical
vehicle which provides azimuth, elevation, and



distance while on the move is necessary to
better detect and track UAS systems.

2. Stinger Night Sight Replacement

Enabling technologies are needed to produce

a lightweight, compact night sight, compatible
with the stinger missile and suitable to achieve
detection and identification of thermal targets
(i.e. Type 1-3 UAS, rotary/fixed aircraft) at
ranges suitable for man-portable air defense
operation. Technologies required are 1)
lightweight, quiet, and efficient micro chiller
that can be incorporated into a hand held Mid
Wave IR (MWIR) thermal sight; 2) High Density
Focal Plane Array (FPA) (16:9 ratio of 1280 or
1920 horizontal pixels) with small 12 micron or
smaller pixel pitch; and 3) lightweight compact
optical zoom that provides a 20-degree Field of
View (FOV) for missile engagement and narrow
FOV for target identification.
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G/ATOR

Program Background

G/ATOR is an expeditionary, lightweight

radar employed by units within the Air

Combat Element (ACE) and Ground Combat
Element (GCE) of the Marine Air Ground

Task Force (MAGTF). The Marine Corps

will operate G/ATOR in both global and
regional conflicts in support of operations
ranging from low-intensity deterrence to
conventional high-intensity conflicts. G/
ATOR will be forward deployed and employable
from the Marine Expeditionary Unit (MEU)

to the Marine Expeditionary Force (MEF).
G/ATOR will provide the MAGTF with

the operational flexibility and speed of
employment necessary for enhanced situational

Section 8.5

GROUND/AIR TASK ORIENTED
RADAR

awareness in support of Expeditionary
Maneuver Warfare, Operational Maneuver
from the Sea, ship-to-objective movement,
prolonged operations ashore, Sea-Basing,
Sea Shield, Sea Strike, and FORCE Net.

G/ATOR Block 1 (GB1) will provide radar
measurement data to the Common Aviation
Command and Control System (CAC2S) and
the Composite Tracking Network (CTN). GB1
will replace the legacy Marine Air Command
and Control System (MACCS) AN/TPS-63,
AN/UPS-3, and AN/MPQ-62 radars. G/
ATOR Block 2 (GB2) will provide radar-
determined launch and impact point data to the
Advanced Field Artillery Tactical Data System
(AFATDS) in the Fire Support Coordination
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Center (FSCC) and Fire Direction Center
(FDC) in the Marine Artillery Regiments.

GB2 will replace the legacy Marine Artillery
Regiment Ground Counter-Battery/Counter-
Fire radar, which is the AN /TPQ-46.

The G/ATOR hardware consists of three major
subsystems: the Radar Equipment Group (REG),
the Communications Equipment Group (CEG)
and the Power Equipment Group (PEG) with
pallet assembly. The REG and its transport
trailer are designed as an integral package. The
CEG is mounted on one M1152 High Mobility
Multi-purpose Wheeled Vehicle ( HMMWYV) and
the PEG is mounted on one AMK23 Medium
Tactical Vehicle Replacement (MTVR). Both
vehicles are government-furnished equipment
(GFE). These vehicles are the prime movers
within the G/ATOR system configuration.

In addition, one GFE Mobile Electric Power
(MEP) 1070 60kW generator and GFE radio
communications components are included

in the PEG and CEG design. The GFE radios

are the AN/VRC-110 and the AN/VRC-114.

Program Status

The AN/TPS-80 G/ATOR system received a
successful Milestone C on 24 January 2014 from
the Assistant Secretary of the Navy (Research,
Development and Acquisition). Northrop
Grumman was awarded the Low-Rate Initial
Production (LRIP) Option 1 contract in October
2014 for four LRIP systems. In March 2015, the
G/ATOR LRIP contract was modified to add
LRIP Option Period 2 for two additional LRIP
systems. In August 2015, Northrop Grumman
was also awarded the G/ATOR Block 2
development contract to produce the Ground
Weapons Locating Radar (GWLR) software that
will enable the common G/ATOR hardware to
perform the counter-battery radar mission.
Delivery of the first LRIP system is scheduled
for the 2nd Quarter of FY17 and Developmental
Testing will begin in the 3rd Quarter FY17.
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G/ATOR’s Top Technical Issues:

1. Lowering Manufacturing Costs

Technologies are needed that reduce
manufacturing cost across multiple areas of
production, including: 1) Air ducts that provide
precise mounting and cooling of the Transmit/
Receive (T/R) modules and array elements (the
air duct is very time consuming to produce and
assemble, and thus is very expensive); 2) T/R
module packaging, which requires expensive
materials and hermetic sealing that reduces
yield; and 3) Circulator Isolator Radiator

Filter (CIRF) boards, which are required for

the T/R modules and which require a multi-
step, medium yield manufacturing process.

2. Increased Dynamic Range

Under certain adverse conditions, G/ATOR
needs additional dynamic range. Dynamic
range is limited by the Third Order Intercept
of the receive chain and the number

of effective bits in its analog to digital
converters. Increasing the dynamic range

of these components would improve the G/
ATOR performance in certain adverse (other
than nominal) environments. Avenues of
improvement include improvements in T/R
module design, as well as receiver design.

3. Advanced Electronic Protection

The G/ATOR PMO is seeking advanced
electronic protection technologies and
techniques that will diminish G/ATOR
susceptibility to electronic attack measures.
This is an area for research into not merely
what is available today to defeat the current
electronic attack capabilities but also to
look to the future, to predict the next
generation of electronic attack means/
methods and to development techniques/
technologies to negate or defeat them.
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Joint Light Tactical Vehicle (ILTV)

Program Background

The Joint Light Tactical Vehicle (JLTV) is

an ACAT IC Army-Marine Corps defense
acquisition program that addresses a new
generation tactical wheeled vehicle to replace
a portion of the services’ High Mobility

Multipurpose Wheeled Vehicle (HMMWYV) fleet.

The program’s goal is to develop a new family
of multi-mission light tactical vehicles with
superior crew protection and performance
compared to the current HMMWYV fleet. The
JLTV family of vehicles will balance critical
weight and transportability constraints
against performance, protection, and payload
requirements, while ensuring an affordable
solution for the Army and Marine Corps.

Section 8.6

JOINT LIGHT TACTICAL VEHICLE

The development of the JLTV reinforces

the services’ approach to interoperable
platforms that provide expeditionary and
protected maneuver capabilities to forces
that HMMW Vs currently support. JLTV will
improve payload efficiency through state-
of-the-art chassis engineering, enabling the
vehicles to be deployed with the appropriate
level of force protection through the use of
scalable armor solutions. The JLTV program
will strive to minimize maintenance costs
through increased reliability, and better

fuel efficiency. JLTVs can be configured to
support multiple mission packages derived
from two base vehicle configurations: the
four-door Combat Tactical Vehicle and two-
door Combat Support Vehicle. Commonality
of components, maintenance procedures,
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and training among all vehicle configurations
will also minimize total ownership costs.

Program Status

The JLTV program is currently in the
Production and Deployment Phase. On 25
August, 2015 , Mr. Frank Kendall, Under
Secretary of Defense for Acquisition
Technology and Logistics (USD AT&L) approved
the Milestone C decision authorizing the
program to enter into the Production and
Deployment Phase and to proceed into Low
Rate Initial Production (LRIP). A production
contract that included LRIP quantities was
awarded to Oshkosh Defense that same day.
The first LRIP test vehicle was delivered in
September 2016, with production qualification
and reliability qualification testing scheduled
to begin during the 1st quarter of Fiscal Year
17 (FY17), live fire test events scheduled to
begin during the 2nd quarter FY17 and the
Multi-service Operational Test and Evaluation
(MOT&E) set to begin in the 2nd quarter FY18.
The program is currently on schedule for
Initial Operational Capability (IOC) in the 1st
quarter of FY20. The Marine Corps’ approved
acquisition objective (AAO) is for 5,500 JLTVs,
while the Army will procure 49,099 vehicles.
The Marine Corps will reach Full Operational
Capability (FOC) by the 4th quarter of FY22.

JLTV’'s Top Technical Issues

1. Weight /Protection

The JLTV design meets competing requirements
for a balanced solution of protection, payload,
and performance. Although the JLTV armor
system meets the functional requirements,
reductions in weight and improvements in
vehicle protection are desired. The program
office is seeking lower weight, affordable
survivability solutions for both the transparent
and opaque armor systems, and is interested

in evaluating active protection solutions.
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2. Vehicle Network Architecture

The JLTV design was configured to support
modularity and interoperability with existing
and future combat enablers provided by
other program managers throughout the
DoD. Essential to this modularity and
interoperability is the ability to provide an
affordable vehicle network architecture that
support sharing of data resources for on-board
systems. The vehicle network architecture
delivers shared processing, common user
interface screens, GPS data, remote radio
control, electronic warfare system control,
and weapon systems employment through
the use of a network switch that can adapt to
multiple vehicle configurations, thus avoiding
future payload challenges. The improved
vehicle network solution must be scalable,
interoperable, and forward-leaning in order
to meet affordability constraints and the
need for ever-increasing processing power.

3. JLTV-Close Combat Weapons Carrier
(CCWC) Missile Reloading Improvement

The JLTV-CCWC is the mission package
configuration for employment of the
TOW/SABER. The system design includes
a securable rear cargo box capable of
accommodating TOW/SABER weapon
system components, missiles, and loading /
reloading capabilities in accordance with
the JLTV system specifications. The program
office is interested in solutions that will
continue to improve the CCWC loading /
reloading capabilities to enhance the
warfighter’s ability to employ, engage, and
redeploy the TOW/SABER system safely.
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Section 8.7

LOGISTICS VEHICLE SYSTEMS

REPLACEMENT

Logistics Vehicle Systems Replacement (LVSR)

Program Background

The Logistics Vehicle Systems Replacement
(LVSR) system serves as the Marine Corps’
heavy logistics vehicle and transports large
quantities of supplies across the battlefield. The
LVSR is deployed in the Marine Logistics Group,
Marine Divisions, and Marine Aircraft Wings.

The LVSR includes three variants: MKR 18
Cargo, MKR 16 Tractor, and MKR 15 Wrecker.
The 5 axle vehicle has a 22.5-ton (20,412
kilograms) on-road /16.5-ton (14,969 kilograms)
off-road payload, a 600-horsepower diesel
engine, integrated control and diagnostic
electronics, and factory-installed armor
integrated into the vehicle design.

The LVSR can travel up to 65 miles per hour
on paved surfaces and ford five feet of water.
It has a cruising range of 300 miles. Built by
Oshkosh Corporation, the tactical-distribution
heavy hauler is capable of carrying fuel,

water, ammunition, standardized containers,
palletized cargo and heavy equipment.

The all-wheel drive LVSR has a straight body
design supporting its three distinct variants.
The LVSR, with a standard two-person cab (and
a third position for an optional machine gunner
position), uses Oshkosh’s TAK-4™ independent
suspension system for improved mobility and
off-road maneuverability. The acquisition
objective of 2,246 vehicles has been fielded.
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Program Status

The LVSR MKR 18 Cargo variant achieved Initial
Operating Capability in September 2009, and
the first LVSRs were deployed to Operation
Enduring Freedom in support of the Mobile
Trauma Bay in that same month. The LVSR is
currently in sustainment.

LVSR’s Top Technical Issues:

1. Fuel Consumption

Given the LVSR’s 2.0 miles per gallon fuel
consumption rate and the fully burdened

cost of fuel, even a moderate increase in fuel
efficiency can potentially save lives and millions
of dollars. Practical, cost-effective technologies
are required to increase the fuel efficiency of
the LVSR while maintaining payload capacity
and mobility.

2. Increased Survivability

Technologies are required that maintain

or increase survivability of the vehicle and
occupants from emerging threats, including
technologies that can increase armor
protection while maintaining or reducing
current weight; improvements in blast resistant
seats; crew egress systems; and advanced
fire-suppression systems. New methods to
mitigate or repair current protection systems
issues such as transparent armor delamination
are critical to the ongoing sustainment of the
Armored LVSR fleet.

3. Safety

Safety technologies are required to increase
vehicle-to-driver feedback, vehicle control
and vehicle stability. They are also needed to
mitigate the effects of vehicle rollovers while
maintaining the ability of the LVSR to achieve
its 30% on-road/70% off-road mission profile.
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AR ek X
Medium Tactical Vehicle Replacement (MTVR)

Program Background

The Medium Tactical Vehicle Replacement
(MTVR) family of 6-wheel, 7-ton, all-terrain
multi-purpose vehicles serves as the Marine
Corps’ key means of moving supplies and
equipment across severe environments.
Manufactured by Oshkosh Corporation,

the vehicles were first fielded in 2001. The
platforms have an on-road cruising range of
300 miles (483 kilometers), the ability to ford
five feet (1.5 meters) of water, and traverse
60% gradients and 30% side slopes with the
maximum cross-country load. Operational
performance is further enhanced by advanced
technologies such as the Oshkosh TAK-4®
independent suspension system and integrated

Section 8.8

MEDIUM TACTICAL VEHICLE
REPLACEMENT

control and diagnostics system. MTVR variants
include: Standard Cargo and Extended Wheel
Base Cargo Trucks, dump trucks, tractors,
wreckers, and High Mobility Artillery Rocket
System Resupply Trucks. Approximately

half of the vehicles are armored, and some
possess a reducible height capability.

More than 8,900 MTVRs are in service with
the Marine Corps. The Navy Expeditionary
Combat Command also possesses more
than 1,800 MTVRs that are used in riverine
and combat engineering missions.

To improve the vehicle’s level of protection

against mines and [EDs, the MTVR Armor
System was designed as a permanent
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modification to the vehicle. It provides
complete 360-degree protection

as well as overhead and underbody
protection for the cab occupants.

The MTVR was designed with a 22-year
service life, and neither a Service Life
Extension Program nor a modernization
upgrade is currently scheduled.

Program Status

The MTVR has been in service since 2001.
More than 2,000 MTVRs have seen service
in Iraq and Afghanistan. With its 70% off-
road mission profile and highly survivable
armor package, the MTVR has been used
heavily in theater for logistics missions

as well as for other missions as assigned.
The MTVR is currently in sustainment.

MTVR’s Top Technical Issues

1. Fuel Consumption

Given the MTVR’s fuel consumption rate
and the fully burdened cost of fuel, even
moderate increases in the fuel efficiency
of the MTVR can potentially save lives and
millions of dollars. Practical, cost-effective
technologies are required to increase

the fuel efficiency of the MTVR while
maintaining payload capacity and mobility.

2. Increased Survivability

Technologies are required that maintain

or increase survivability of the vehicle and
occupants from emerging threats, including
technologies that can increase armor
protection while maintaining or reducing
current weight; improvements in blast resistant
seats; crew egress systems; and advanced
fire-suppression systems. New methods

to mitigate or repair current protection
systems issues such as transparent armor
delamination are critical to the ongoing
sustainment of the Armored MTVR fleet.
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3. Safety

Safety technologies are required to increase
vehicle-to-driver feedback, vehicle control
and vehicle stability. They are also needed to
mitigate the effects of vehicle rollovers while
maintaining the ability of the MTVR to achieve
its 30% on-road/70% off-road mission profile.
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Section 8.9

M-ATV/COUGAR/BUFFALO

Left to right, top to bottom: Buffalo; Cougar 4x4; Cougar 6x6; M-ATV

Program Background

The Marine Corps’ MRAP All-Terrain Vehicle
(M-ATV), Category (CAT) I and CAT II
Cougar variants, and the CAT III Buffalo are
designed to reduce casualties and increase
the survivability of personnel subjected to
mine explosions, Improvised Explosive Device
(IED) detonations, and Small Arms Fire (SAF).
These vehicles were designed under the
Mine-Resistant Ambush Protected (MRAP)
umbrella to meet requirements identified
during Operation Iraqi Freedom (OIF) and
Operation Enduring Freedom (OEF), with a
focus on continual improvements in force
protection and vehicle survivability through
technology insertion. Now incorporated into

the Medium and Heavy Tactical Vehicles fleet,
the USMC will retain M-ATVs, Cougars, and
Buffalos to satisfy the enduring requirement
established by the Marine Corps Requirements
Oversight Council (MROC) in October 2014.

The M-ATV, designed to operate in rugged
terrain and on the primitive road network
in OEF, provides better overall mobility
characteristics than Cougar and Buffalo
variants. It supports mounted patrols,
reconnaissance, security, convoy protection,
data interchange, and command and
control functions. The addition of the
Underbody Improvement Kit (UIK) further
enhances the platform’s protection against
underbody threats. This kit combines
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armor and interior occupant upgrades,
as well as automotive enhancements to
increase survivability while maintaining
platform safety and off-road capability.

The Cougar platform includes two primary
vehicle variants, the CAT I and CAT II, all
fielded with the upgraded Independent
Suspension System (ISS). The CAT I (4X4)
variant is capable of transporting five crew
members and one gunner and supports

small unit combat operations in urban and
confined areas such as mounted patrols,
reconnaissance, communications, and
command and control. The CAT II (6X6)
variant is capable of transporting nine crew
members and one gunner and supports
multi-mission combat operations in urban

or confined areas such as convoy security,
troop and cargo transportation. In addition to
these two primary variants, a select number
of Cougar CAT I vehicles have been fitted
with the Saber Tube-launched, Optically
tracked, Wire-guided (TOW) system, which

is an anti-heavy armor missile system. The
TOW-integrated Cougars provide a survivable
platform from which armored and urban
enclosed threats can be defeated. Similarly, a
select number of the Cougar CAT II vehicles
have been modified into ambulance variants
providing the ability to transport and conduct
emergency care on multiple critical battlefield
casualties while in close proximity to enemy
troops. The Cougar ambulance can transport
up to four wounded patients or two patients
carried on litters plus three crew members.

The USMC CAT III MK2A2 Buffalo is a six-
wheel, six-passenger, all-wheel drive vehicle
that was developed to conduct route clearance
operations. The Buffalo is a blast-protected
vehicle that operates in explosive hazardous
environments and provides route clearance
capability and personnel protection against
IEDs, anti-personnel, and anti-tank mines. The
Buffalo has a 30-foot articulating arm used to
investigate suspected buried IEDs and enable
the crew to classify the explosive hazard with
precision while protecting the operator.
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Program Status

M-ATVs, Cougars, and Buffalos are currently
fielded to all three Marine Expeditionary Forces
(MEFs). A total of 2,017 of the 2,510 Enduring
Requirement (ER) vehicles are scheduled

to receive a maintenance reset at Marine

Corps and Army depots and a commercial
repair facility through calendar year 2018.

Top Technical Issues

1. Stress Cracks in Welded
Construction and Monolithic Hulls
Both Using High-hard Steel

The fleet is currently going through reset

at various depots and commercial locations
CONUS. As hulls are stripped and inspected,
stress cracks are being discovered throughout
the welded high-hard construction of Cougars
and in high hard panels of M-ATVs. The

reset lines are being delayed and significant
cost is being added to the process due to

the extensive repair of cracks, replacement

of high hard panels. It is critical that the

types of cracks be characterized, the root
causes discovered, and depot-level repair
procedures established that will maintain
structural integrity, reduce future cracking,
and provide required ballistic protection.

2. Transparent Armor

Advancements are needed in the area of
transparent armor. The current transparent
armor meets the requirements for ballistic
performance; however, significant logistics
and financial burdens are realized as a result
of delamination. Delamination reduces
visibility and makes it more difficult for the
crew members to operate safely and view the
surroundings effectively. Finding a solution
that retains the armor’s ballistic performance
and maintains visibility would provide

the USMC significant cost savings due to
replacement and reduce the logistics burden.



3. Reduction in Occupant Accelerations
with Minimal Stroke Distance Availability

The ground vehicle survivability community
and vendors have developed high performing
blast attenuating occupant seats that
protect against significant mine blast
charge weights over the last 10-15 years.
Many of these seats function by allowing
the seat to stroke downwards while an
energy attenuating mechanism absorbs the
accelerative load. Finding improved seating
systems that can provide blast attenuation
with minimal downward stroke while
allowing components or stowage under the
seat is optimal for supporting the Marines
and their internal vehicle load plan.
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Section 8.10

LIGHTWEIGHT 155MM HOWITZER

L TOTIES ST

Lightweight 155mm Howitzer (LW155)

Program Background

A cornerstone of the PM Towed Artillery
Systems (PM TAS) portfolio is the “Triple Seven,’
or the M777A2 Lightweight 155mm Howitzer.
Assembled by BAE Systems in Hattiesburg, MS,
the Lightweight 155 is a Marine Corps led joint
program with the Army. The M777A2 replaced
the Marine Corps’ outdated M198 155mm
weapon.

The M777A2 is capable of firing standard
(unassisted) projectiles to a range of 15 miles (24
kilometers), assisted projectiles to 19 miles (30.5
kilometers), and the Excalibur munitions to
ranges in excess of 25 miles (40 kilometers).

The world’s first artillery weapon to make
widespread use of titanium and aluminum
alloys, the lightweight M777A2 can be air-lifted
into remote high-altitude locations inaccessible
by ground transportation and is capable of
being transported by the Marine Corps’ V-22
Osprey, as well as medium and heavy-lift
helicopters.

Program Status

There are currently 1,090 M777A2 howitzers: 481
for the Marine Corps and 518 for the Army, with
the balance for foreign military sales customers
Canada and Australia. To date, more than 1050
of these systems have been fielded, with the
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remaining quantity supporting ongoing Army
fielding. The final USMC M777A2 was fielded
in April 2014 with Full Operational Capability
achieved in June 2011.

The M777 Program has commenced activities
to “refresh” the system’s digitized fire control
system. Described as a leap-ahead, towed
artillery technology, the digital fire control has
transformed how Marines employ artillery.

As part of the refresh effort, a new Gunners
and Assistant Gunners Display (GD/AGD)
commenced fielding in 2014. Using recent
advances in display technology, the display has
greater reliability along with greatly improved
sunlight readability at a lower overall cost.
Other ongoing refresh initiatives include a new
Mission System Computer, Chief of Section
Display, and power supply.

LW 155’s Top Technical Issues

1. Navigation in a GPS Denied
Environment

The navigation systems for the digitized
howitzers are dependent on GPS assistance to
maintain full operational capability. GPS denial
would degrade howitzer operational tempo
and adversely impact delivery of timely fire in
support of maneuver. Innovative approaches
to counter or mitigate GPS denial at minimum
SWaP are required. The technologies could be
items such as anti-jam antennas, sensor fusion
schemes to leverage other available sensors,
or other technologies to establish howitzer
location to better than 4m accuracy in a GPS-
denied environment.

2. Safe and Transportable Battery High
Capacity Technology

The M777A2 howitzer powers its electronics
with onboard (rechargeable) batteries. The
current platforms have power requirements
in excess of 2 KWH. Current High Capacity
Battery technologies are mainly Lithium Ion
based, which requires extensive regulatory
qualification testing when the power pack
exceeds 1 KWH. As a result, towed artillery
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Program Managers seeking improved battery
performance are required to execute significant
development efforts (at significant expense)

to design and qualify “system specific” power
packs. To mitigate this, PMs request that
industry invest in safe and transportable
battery technology that could be implemented
into weapons systems in a modular fashion,
without the need for “system specific” power
packs and the extensive regulatory qualification
requirements that come with them.

3. On System Power Generation and
Conservation

The M777A2 howitzer powers its electronics
with onboard (rechargeable) batteries. The
current platforms have power requirements in
excess of 2 KWH. Due to the current limitations
of high capacity batteries, the PM requests
alternative innovative technologies that would
provide power to the electronics on the
howitzer and extend runtime over the existing
configuration. Alternatively, the PM requests
investment by industry in displays, computers,
and other electronic components with a
decreased power consumption. Either solution,
or a combination of both, would be used to
increase operational capability.

4. Secure Wireless: Ruggedized /Low
Energy

Communications between interfacing
components of the M777A2 digital fire-control
systems is accomplished over physical wires.
The required cabling constrains the solution
space and introduces points of failure,
particularly for cables that need to flex or be
moved as part of normal operations. A short-
haul, low-energy wireless data transmission
can eliminate use of physical wires. Although
commercial standards exist, a ruggedized
solution using a dongle-like device is
required. The solution should be adaptable

to enable either serial or Ethernet wireless
communications between components. This
technology may be incorporated into future
devices such as wearable devices and onboard
SEensors.
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S&T VENUE LIST

The S&T Venue List was developed as a quick reference to identify opportunities within the S&T
Enterprise.

This list is not a complete representation of venues that the government uses, but is a list of
venues that PEO LS and the Marine Corps use to address specific technology needs and is
provided so that PEO LS program offices and industry partners have a better understanding of the
opportunities that these venues can provide.

Many venues identified on this list are very specific in nature and may provide funding from
outside sources in order to address the needs of the individual program offices.

The included website addresses and POC phone numbers are verified annually. It is possible that
some of these addresses and phone numbers have changed since this publication.

The columns headers describe who is eligible and how funding is secured along with eligibility
of the project and the methodology used. Each venue has a different timeline for submission and

duration.

Please see the next page for the PEO LS S&T Venue List.

2017 PEO LS Advanced Technology Investment Plan | 183



9se(q [eLIISNpUL
Kreyiu 'g°) oy Suraoaduuy

$90.n0s 2AneWI e Surkjienb
£q uonnadwod Sunowoig

Jsufesod,/pso/wod [IwpsodLOA Ayniqesadosyur
“193uaoboe 030,//:sd1y €089-2L¢ (1LS) auny Ajrea pue uonezipepuels Suoueyuy
aso ur 3s1] paznuorid e s918a1d 4SO 51500
xdse 10d sdaop aurrey syjuows g1 03 7L Juawa.nd0.d 10 9[£d 91 Bunpay
) : . ‘ (1D4) 359
-3unsa-aaneredwo) [urdaeu AVMVAS Ansnpuj udro10] NS'ZES~ ST weidoad [e10) isatrep JOqUIDAON uonEn[eAd pue 1593 ‘yuawrdoraasp
. 601L SI&Z-1 TRLY/ASO \ saneredwo)
-uga10,4/uonisuel, IUODIOBIU0D) AIVAVN -03-)UdWUIIA0D) 11e2 A11eak dso youeasau jo uoneondnp 0104
/$91B1010911(] ~104-Nod VASAVN {(NODSAS) puewiuio) INZ-002$ Kressaoauun Suneuruig :
/K3ojouyoa]-20usrog J1ofeuey swaysAg sdio) auLrey /AreN Juowdmba
u9/TrurAseu welsoId Jolew (oea 07 [[Bd 92 SINSSI YN Kreyiqiur Ky1enb Surpray Apidey
[rurAa 13, feur y 182 2y 1INO
uomMmam//:dyy IDd INO :Aq syuduraambai asuyep ‘SN
Kysnes 01 suoneu sourred uonieod
PUE paI[[e Wolj SAIS0[ouYdI) pue
juowdmba aunjew Surderana]
£q 101y8yaem oy syoddng
uonisodwod Amwmwwmv
/ASI[OPy) /so1s1els - SOLIBA uonenogau ased Aq ase) - - - durod-up *039 “1dV ‘NVD pue uoneiado [eaeN peoiq “w w:
/nogysummm//:dyy JO S}JO-9pel],/saIpnig DMWWW& 4
(sy@)
QOUDIDG YOIBISIY ISUIJA([  » yoeoxdde 9010p1I0M J22UIUY
xdseuonusaur (¥v1 [BOIUYD) Y} PUE BAIE OIEISI PUE ISIIUIIOS 9SUJI( Y3
K I9AODSIDUsIE3SOI 6929-969 (£0L) /d11T1) yoaeasay Juapuadapuy uo Surpuadop Area Aew [esodoad 1O ya[eaY ) UIRIUIRN
- ANO ‘Yo1easay Jo K103810QET 9SNOH-U]  » 9109198 oe? Jo ddueuLIojrad ue swalsAs sdio (rs@)
B! ¥ q P2399[9s e J 2 P o] kY
-901JJ0,/$91810302.11(] 3 901n0g Uo d 4 £ n
JASojouyoal, 1030011 ‘Sunoy $01] (14N) seAnenul Suipuadaq souea Jjo potrad pue junowry s1hz-0 IREE)Y ANO QuULIEI\ pue AABN 21nny UONUIAU]
oousS/AAey anenyds U0Jes9Yy AJISIOAIUN o : : Z 10 1vq 10 SISBQ 9U) 9PIAOI]  » A19A008I1(
.Eo.\y}m:,\,_\ /- dy 3uet aq 110§ s[[ed A1eak 1o (Yvd) 98pamouy] [ejusUIRpUNY
: Juawdunouuy Aouady peoig e SIBak 7 pajewinsy Juead[ai-[eaeN dofoadq e
m_> mEQMQ ANIym m:Eo:Mm $19139] Y00Z$ pRIewnsy 10] DIBSY pung
uruueld oansst syusunredaq YNO
SIUDWIYSI[LISD o sontunjioddo
Q0udpuodsariod aaneradood Anuapt
S[QUUBYD puE UOIJeZIPIBPUR)S pUB
SONLIOYINE o siseq (osed-£q-ased) Kypqeradorojur oaorduwr o
UOIBOYISSE[D o sauI[epIng aInso[osIp 03 309[qns  « PLIOM 921) 94}

[urAseu odoosayy . SJUDWILLIDAOD) oyads wioperd Jou {OLRUAS, o vad JO KJLIND3S ) OUBYUD o
xdse'sOvi/soded ©®900] [oRYOIW :Aj10ads yorym sourepms ug1a104 pue B USI[qRIS? 01 soniiqeded [eardojouyod) (vaa)
odru/ep/urAaeu 2€09-€¥¥ (202 y01g Xauuy v 243 SUImor[oj OdiN sorouagdy :S1 93UBYOXD BIB(] MUY - syjuow 7] noqe OdIN suoneu us10j A[puoLL JUWIZY

{27 L 1103 Y U q f } A[pusLy
‘ABUDIS' MMM //:dy OdIN 10§ 190JO wesdod [edruyda], JUIWUIIA0D 01 9[qI81q s1eak aAy jo porrad e soye) A[rensn puUE ‘S’ [[BYSIBW o | 23UBYOXY BIR(
d 13 3 7N d A 3
9007 [SRYDIN B SPUWWO023. Y[VAVN SN ‘AaeN 10§ PI[EA "SjudwaaIdy Surpuny 1 ‘awnAuy SOOUEBI[[E JOSO[D 9)BAID o
‘(saurepimg OdIN) 29430 19130 03 diysuoneau ur Jeak [eds :03 uoneutiojur yuawdo[aadg
1Pping j Y diysuonear ur 1eak [edsy ! Ju doy
weidou1d [euoneusau] AAeN 03 Kue urmp papraoad junowre Auy PUE OI1easay Jo 9JueyIXd
BuIpI000€ $)$21)UI [ENINW JO oY) 10 wistueyddW € sapiaoid
3811 oy1ads dopaasp Anunod 1B} JUSWRISE dJBUIPIOQNS
Jouwaed pue gn ur sysi3ojouyoa], JUDUIULIIA0S-0)-JUSUIUIIAOD)
Mm%ﬁdo%ﬂwﬁwm”wwm.‘“wu ‘uoIssIw sA10)BI0QE] U3 IIM JUIISISUOD
\.uN,%M&.MEm.;u d souady Jouuew e ul soulred [e1opaj-uou B
_£Sofouypal./uonisuely, :ﬁw@om PYO 071 9[QE[IBAE 9] JOU ISIMIIYIO P[NOM
g 1BY) S90S [RIPSJ Y10 PuE SIYSLI
/S91B1030211(0
/£Sojou ow (sn) Ky19doad [emda[[RIUL 19JJO 01 SUBIW Y £Sor0uyoe
|oo:®6_ /| M:A%wc mEuﬂ%:@@é sopioidudwdaBy siy, Juaaaide odoy w>uﬁ A :E% 9J Jo ( )
;:o.\fm;m.\\ :dyy 8207 pue Ea.wm 23 19pun £1030qeT [E19pa 03 ‘Spuny se lod Wc;aw:m_whwﬁcu%uwﬂu mu_wwmmww,w
: _ _ [[2M se ‘sadanosal awes ay) Kjddns Kew aodq oo
01011 X SIAG-0 901AIRS Yorq poaads 03 szourred [e1apa Juawdofeaa(
xdse (uSra104 10 'S"N) fared esopojuou oy, fued eropojuou sopuagy -UOU PUB JUSWUIA0Z pUE yoIeasay
suondQ-diysiouyre 014 104 10 33 03 (Spuny OU) JUSWISINGUIRI NOLLM SOHEA BIOP] U3 UDIMIO 2aneadoo,
W me‘ﬂm_cm‘_ Hed umm &o‘_m w% $90.1n083.1 1910 10 Juawdinba ‘saniioe; I :M~ W(thm 0 mwsm v D
£50 OMEM@ m\ﬁoﬁh_;mcw‘_ PUE3GO1d-UON ‘[ouuosiad sapiaoid K101e10qR[ [BIOPI] @8 UonEIOqe] v
- ﬁ\muum.%uuubw L (uS104 10 °§'N) 9y, ‘'son.ed [e1apajuou aI0u 10 JUO
\%MO—OEQUM.F QhOU 21eALI] PUE SI9LI0JRIOQE] [BI9PI) 210U IO U0
_oduans/iurkaey N u2aM19q (JuRIS 10 JORNU0D JuaWwRMOOId
Y . ) JuaUIRISE USILIM [BULIO)
Tuommm //:dny viou
ENRES:ETY n_mO\UmAWn__>~_mm TdL ADOTOdOHLINW AlligIoIn3 ONIANN4 NolLvina NIHM OHM 3sodind IANNIA

184 | 2017 PEO LS Advanced Technology Investment Plan



SI9IUD(Z%A30[0UYDI],
02%807%SqBT#S904JO
/no3A310us//:dny

/S9LI0JBI0qET  [BUOTIEN dd (030 ‘a3pry
~90d/A31ouy Hoddns JeQ ‘sowery
—jo-jmowedoq - SOLIBA - ased Aq ase) ased Aq ase) ased Aq ase) Bui03-up SnoreA pUD[-UI ‘UOIIBIOR[[0D s07-g0q)
/UoueIg T ANNIAXY (now) Buriousreq SqeT [eUOneN
/IUWUIIA0D) /$9181S
Tpajun/edLawy
~U1I0N /TeUOISIY /510
zowp mmm//:dny
JUOWIISY
syse) Kouady
mowo1 syendordde yum I91)0 10 ‘ULISAUISUD o | [BIIPI] JOYIO
wypnow,/uomoad JUDWPUIWIE £q SIEDA OM) IYIOUE Ewﬂﬂwﬁﬂﬂm ” E_\\WM%M‘OVE
/sookoidwa/rurkurie - gorg mmoEm@MEO &Emhw:wbwm oo Mvoﬁww< “Nwwwm uowpmz %mmmwwxﬂwwﬁmm saeak sIkg-0 - 1PuwIed/qod :u0 1932303 10 A[[EnpIarpur JUOWRITY JO
-goesn'saye[sdioo//:diy ki 1Sng AVOMVN 943 10IU0D o W N w0l d WIS > AAaBN 93 Y3IM 91BI0qE[[0D WNPUBIOWIN
03 (Vdyvd '9'1) sa1ouady 10
XN NES-0 [BI2PA] Io10 SUIMO[[R Suipueistopun
JuswRRISE VOW/NOW Jjo
WNPUBIOWIN
Juawdofoaap 22.10§
uLiojur 03 1opJo ui suordo
. : oxdu UoISIAIQ
/ursaurrewt [ _ _ _ _ _ - sdiop aurrey auo[dxa Aparsuayaiduwod £
. . gy . Buron-uQ : Sofouyday,
mowrmmm //:dyy swisn@oedimow DADON pue ‘s3deouod Sunysyrem d
d . ddo pue sdio) aurrepy
01249 ‘sentunizoddo p
sogua[[eyd aaniny AJrpuapr o,
[urrew@ood saniiqedeo ‘PIIPISUOD 'SBIE SND0J
-p3ofIsI[3e-psno (SID) wonshs Aouage-taut 2q M d$Dd IN0J 9Y) Ul SUONINOS
.:o.wmw:oa._umo JUSWISZEUEIN UONEULIOJU] PUE 10 ‘uonireod syaloxd A3ofouyoa n&ng 0
23parmouy] 2y} 03 paIwqns “urof 310dns d 3 . % d foud
R QLE pue souods siosuods wouy Jurpuny uonenp T paseniur aq Aqrrewrad sjoafox (@1on owaq
I [TeWs ANBUINY pupj-ut snid Surpuny 185 Jo OIS~ 193u0] 9IA PUE GIAL ‘LDl SIAL Ul Supelg
/SINVIDO¥d/doa /i 6019 spenb Arewnid oy se yEnoype YAOUSNOIY Sunysyrem asud§aq 10 JusuIEdaq ASorouyoday,
‘psoboemmm/7:dny (U rew®.10 SJoHq . WOD0D E 218y NOIS-0 ‘s1eak om) d80E/ASO oy Suroey sded ASojouyoa) Amaeded juror
-oyuojad-yerue saepdn o | asnu sesodoig uryim wﬂ_mmmwa%moE 9 mmuhz 13
wwov&mw Mmobc sioded o1YM o UE%M.EOU ou.mwm\ﬁ%uo.a Eﬁo;ﬁ%%o
{UONBULIOJUT QL[ [TV swesdoid :
011u013d ueq S0MMI0G [EI9pad 9q 03 Wy $9IN29X2 Weadoid LDl UL
‘S[eAIOIUL JBIA € 03 Z 1B QInjewt
S[eOS [BD1UYDI) PauUlap UO Paseq ued ASojouyoa) ji saniqeded
xdse'sadAjojoad-eaeu SMAIAdY 0D ON-0D (suoneradO [eaeN 3oedwr Apueoyrudis
-9AI}BAOUUL/UOIISUBL], uoneaouy] Jo [BABN JO Jo1yD 921A pue sdio) ued jeyy orjojniod 3 Y3 (dNI)
/$9181030211(] 1030211 ‘Sunoy 0 QULIBIN 92 JO JUBPUBWIWIOD) "dNI ue asodoad s1eak 8- s1ka- 1990300 wouy Surdiowe saniuniioddo adfy0301g
/A3ojouyda,-20ua1ds saySny Lors Juelsissy (V) uonismboy ued QUoAUY INO0ZS$-0SIS 8- 1eD Ajreag INO Jjoked-y3iy/ysu-ysiy uo [eaBN
/ua/nurAaeu 'y Srexd Iy pue Juowdo[aad( ‘YoIeasay 10y snoog "A3o1ouyoa) (¢ vg dA1IEAOUU]
uomMmm//:dny AAeN 93 JO A1812109S JUBISISSY) 10 Z g y31y) aAneaouur jo
paeog 21e10dio) )9S [BABN sady0j01d a3ensuowap
9y} Aq usastano pue paroiddy pue ‘pmngq ‘usisap o,
-sde8 SunySysem
250> 03 (D) saniiqede)
[urdAeu Surjqeuy Surpiaoad uo sndoy
g @WEea)-duj.Iuo 0} pue-1z Jomod n“?mzlwb:&
OZm-mmz_v_Mﬁ_MMmo-_?az e eIy 'sded funqedeo w:hh%w%“wﬂﬂwhﬁﬂWM%E
|EE1.£. \.:o:_m:w:l Jw 1$S SuIso[d 03 UOINQLIIU0D I12U) puewIwo) INOES-02$~ werdoad yoeqg pue suonesado [BAeN JO ON)
RS A : uo paseq SN 2y3 saaoxdde swaysAs sdiop INGZ ¥$~ 1onpoad yoey Ke /mady L
/$91810102.11( BUOD{SUI[OWS 901¢ ¢ s1hg-¢ ANO Jo1yD oy Jo seqid ayy soniiqeded
/A3ojoutyda,-20ua10s ‘UIAIIS dnoun JyBis1arg [earuya), suLe /AneN 1fe0 A1e2A ¥NO y3m udife 03 Juawaaosduwr [eABN 21mng
\:mv_ wrkaeu (coL) oup 510309111 J0 paeog sd10) Jofewr yoey N0ES-0 S[qeanseaw Aounsip e
|/ US/UEAA 0000-969 (€0L, QULIBIN PUB AABN J1B3IS-991U3 ¥ 19 1oUBSIp
auommm//:dny VINO i J9AT[RP Jeyd syonpouad I, %
n{surjows S PIB[21I2)UI INQ 9I2IISIP
9AIS IN Burpung Aq syuawaambai
AVNJO P23e3s 03 suonn[os
K3ojouyo2) 3524 23 SAPIA0I
ENRES:ETY 20d TdL ADOTOdOHLINW AlligIoIn3 ONIANN4 NolLvina NIHM OHM 3sodind INN3IA

aso/3adIAYu3s

2017 PEO LS Advanced Technology Investment Plan | 185



SIHL AddN
“asuaJop mmm //:d1y

mem.muEMEMUESOEE/.\

'sAep (9 JO wNWIUIW €
103 uado UTBWAI [[IM SYY{ 959U}
Jo yoea ‘aseafar uodn “Surpuny
A1y 103 sresodoud [eoruyoa

‘SpJeME 9AI9031
01 91q181]9 J0u
are anq Ansnput

‘saguajreyo [euonesado
asuaje( jo yusunnredaq

Kouagdy-peou rwdneu ue sraded 931ym 3101[0S O PUE EIUOpEE JToquuydo QAJOSII JBY) ‘SISSAUISTH (A1) pun,
- V-peolq @YYIWS[1IqO p | SUUYM 3IDI[OS 03 wouy $90In08 Xe q S (VVE)INO 1 ey Isnq ARI) pung
/senmunmuoddo /. (€00) L01G pasn 2q [[Im (d9SO) swerdoid S1qisuodsad 1o XBN INES syow AL1e2 panss| / rews wouy Ajrewtad uoneAouu|
-8urpuny/sjuein wmmu_:w-mw %o ssauIsng [[BWS JO 90UJO Y} Su.:s weo %m:& U e Vvd [enuuy aso ‘$180[0UYD) dATIBAOUUL pidey
-$30B1U0D /[T AABU prus qod woJj duo pue juawredaq :m.@ 0 SM © uonisues) 03 paudisap st (1)
aquommm//:dny KIBYI[IN yOBD WOty auo fnen mem nmw puny uonieaouuj pidey ayJ,
Surpnpour {(yyg) syuswaounouuy N elopeoy
. ; : pue Ansnpup
IS VYV, INO Kouady peoug 1noj jo [e10) ¥
SIR[[Op UO[[IW
[BIOAIS 0} PUBSNOY) PAIPUNY [BIIAIS
WOy 9FUEL IB[JOP 9Y) UI A[[eI2UdS a18
Iej sny) papuny s103[014 “papuny Sureq
Jo syjuow g[-9 uryyim uonedrdde
[urAaeuruo 2d£10y01d A1 e I9AI[RP [[IM Jey)
@3083U0D IO 950U} 01 PAUI| D1 SIANBIIUL LD 9SLIE pasu DU
. - sonmuniyioddo
[rews ued ‘os[y BLIDILD [uny jab~urew St 180k oU) (1I0)
- 601/ ‘suonetado Azeyypiut uo joedui ue /syda/uronp XN INTS 00T IK1-0 Sum oEs:»:m aso pun,j uonoeay
[T rew®daio aaey AP3erpaww ued jeyy sadfj0joad s3da//:sdny " _WE ns o Yomd
‘swermeoLd A3ojouyoay mau Surstword 1s91-plRy %W_%.m NMOQOMQ
SUIRI[[IM B[[IOLId Aprdes 01 pue £30jouyoa) Juagiowo uo 1 d
azifeyded 0y fyunyioddo ue siapiaoig
9210,] PUB SIIPUBWIWO)) JUBIRQUIO))
‘syuauodwo) sapiroad 31 “sarSojouyool
Buiajoas Apides ur sySnoaypieaiq
A3o1ouypa) jo aejurApE SAEY IO
'sa1da1ens jutof dojaaap pue ‘uruuerd
wesdoud jurof 3onpuod ‘syuswaimbal *OUI[[9IXI JO SIIUD dUIU
9jeadajur pue Ajuapi 03 paziuesio st sey Appua.md werdoud AaeN Y, sa130[ou]d23 SUIA[0AD
ALNA[ 2y, ‘Ansnput pue ‘A81aug jo Apider ur sySnoaympiealq jo
Juaunedaq ay3 (1SIN) ASojouyaay, sa13o[outd9) odejueApe 9ye) 1BY) SIedA
PUE SPIEPUEIS JO 91M1SU] [EUOTEN padojaaap jo 1ojsue) 9)BI[IOB] UONNIAX? 9y} SULIMp Spasu
sPoIaWIWO)) Jo Juauntedaq ay3 (Aso) Ansnpur juagdrows 03 Surpuodsal pue
. 25UDJA(] JO AIBI9I09S DU} JO 20O oY} PUE SOI}IAIO. [BLIISNPUI [BABN $90.10,] [BUOIIURAUOD) W}
xdseaouaqeoxy R : - : i
_I9)U90)-UOIIUE wouy uonejuasaidar K10s1ape Yam Yaw 0] SJIAIIS m:_u_SmGOo 9PIAOI] m_o%o J3310YS UO SI SNO0]

D-U W PUE ‘Y[ ‘SOOIAIDS DY) JO S10301IP sjuowaImbalx asudisuy Q0UD[[20X3
-AxeN /Yoo ueiN 1t
_SuLmjorynuey YodLuR 9Y) Jo Sunsisuod ({LNA() AABN POUIIULPI 10j SUONINOS Y2.IB9SY [BABN 9U) pue JO s1nud)

\ro_ Isues _ o [oueq ASojouyoay, SuLmioenuepy — A3orouyo9) Surmioejnuew 1k _ BIWOPEOIR ‘A1)SNPUL YIM (Yoo uen)
Jso mwo owhr_r Lors asuaja(] Julof ) Jo sadidsne oy 9jensuowap pue dojpadq €l 4NO JUIWUOIIAUD 9A1)EI2d00D B sardojouyd],
g zmuo om uo.o y8nouyy sweidoud 11oy3 93eUIPI00D sonssi SuLmjoenUEW urjuawdmba pue sasseoosd | Sunmjoenueny

-wu:w_uﬁ Y. u: M\La: {(vam) Kouay asuaaq IISSIN U3 QAJ0SI PUE AJIIUPI 03 JurLmioejnueWw MU JO AaeN
o \E,m >>~\\ dn IM 1932807 ‘SUONRZIUBSIO 9SIY L, Ansnpur / saoyjo wesdoxd uonisues) pue judwdofoaop
oy “(v71q) Aouady sonsi8or] asuspeq a3 uonismboe Y3m 23e10qe[[0) oy Joj syutod [e00] se
PUE S301A19S 2y Jo sweSoud yoa ueny seae [eo130[0uyd9) POUSI[EISI 2IOM DUD[[2IXY
a3 Jo yBIs1940 sey yorym ‘sydeouo) ur 9s119dxa 93e10d100 SB 9ATOS JO SI9)UD) Y], "9OU[[AIXT JO
® SWoISAS PAOUBAPY ‘OSUDJO( 10} swed) Jo9foxd S193Ud)) 31 ysnoayy Aqrewrad
K1e30100g 19pun Lnda(g ays Jo 204JO odeuewr ‘s309foxd a3nooxy s309f01d s31 s9INDIXD
oy £q paSeurw ‘weigold yoaueN 190UR[[RIXY JO SIAUD) Y], wesdold Yoo uey AaeN 2y,
(qoq) asuaga( jo yuauntedaq ay) jo INES-M00SS
aaed st werSoud Yoo Lue AAeN oy,
[rupso
@JI[IBI I[PV
otz9-eLe (1LS)
YO9LUBN BIWOPEIE o
xdseyoouey dso 1owalid SO 1991 o3 31oddns
1018y [PV wesdold
-Buumnyoeynuen ! § 03 swa)sAs uodeam Aaep jo
[urAaeu xdse Yoo ueN-SuLIOBNUBN uonsimboe (Yoo uen)

/uonisuel], . Juawurelsns pue uononpo.ad

\mouwwm ol @AKaurednuyof o /UONISUBL],/S91BI0IIJ AxeN o s1eak om], ik Je— 2U7 101 ASOOUUP] SIUT 10 sardojouyd],
1091 25€0-969 (£0L) Lo /A8ojouyoa-a0uddg /N astdioiuy INES-0 €0 frenuty iNO 1R 403 ASOIOULD) SHIL § Sunmjoenue
/A3ojouyda], X L 3 uonisues) a3 pue £3oj0uyoa)
N Yo ueiN Axeutuommm //:dyy YoIeasay AaeN
-90uadg /[rurAaeu e [PABN 5 Surmyoeynuew Suiqeus jo
. . . bt .
auommm //:dny 10 9930 UNO S$1070E0U00 Juawdo[oAdp a3 J0J SIPIAOI]
Ksuxe) uyor ENIEIE] I
wod'dIp
@UO9)UBWPOP
aoa
31ISg3ImM 20d 1L ADOTOAOHLINW ALlTiIgionn3a ONIaNN4d NolLvina N3IHM OHM Jsoddnd ANN3A

dso/3JIAN3S

186 | 2017 PEO LS Advanced Technology Investment Plan



90LJO HI9S Aq paojruow
R Pa3eadd S10eIuod

suonMNsul YoIeasa Jyosduou
Joruraad sUONEU BY) puE SSAUISNQ

seaute 01do) payissed suonmnsur [rews 1oy sentuntoddo aumjuas
133s-Inoqe/Inoqe 10 PIOLNSAI-YVLI OU o [ENLERENS Jutof oy apnput 03 dryssourred ( )
/ro3uaiqs mmam //:sdy 0£8.-969 (€02) 3s2103Ul jyouduou pue ‘saseyd Sun 103005 97eAL1d /o1qnd jo uoisuedxy pwmﬁmm
1o8euey weidold y01g JO JUSWAIeIS YN 24mbar o BIWOPEOY € Ul JLIdUW [BOIUYD] JO DYNUIDS - e m:m_ - / ~:<>\< N eua.e Juowdooadp %w%o: o,w
[uny Xoput,/wod ALLS ANO wed) 11 ['8S PUB OLD YN UOIBISY YIM pue Apqrses; o1do) sururaleg e renuty ANO/ASO PUE [2IEDS0. UONIEAOUUY [E10D) mmoz_ws ! m%
Jaiqshaeummam //:dyy Aq parosdde pue pajod[es e pasoulred o ur sepuniioddo Surpung 1snd [ews
Ayunwwod sassaulsng [[ews :S9PIA0I{ "SaBUB][EYD [ED150[0UDI)
[ea1uo9) %n_ panmugns e PUB DYIUIdSs SUONEBU Y 199W 0}
”moao,h K1eSSadau uOnBAOUUL A} JDISO]
[urdaeu (seakordwa 005 ALN)
11gs-I1noqe/noqe @9swer[m uyol 22YjO A1 Aq pa1ojuow ‘saseyd ¢ SSQUISNY [[BUIS B WO.J IDIAIIS
o . § PIBAID SIOBIUOD  » . 1940300 . 8 : (g19S)
/ro3uaiqs mmam //:sdy 27€0-969 (€0L) soseyd ¢ b £q paroolos Ul JLI9Ul [BDIUYD) soseyd £ 10 30npoud ‘A3ojoutoo ipiod
swesdo1dq Ay} 1980 OHd A4 Po3ool ° 10 DYIIUDIDS € Ul JLIQUW [BIIUYDDY IO OYIUSIOS - L - JO UONEZI[BIDIDWWOD 4 A
. SOPOD-L, AQ PoMIIAdIL  « yoIeN uoneaouu|
[uy'xapur/wod AI9S AreN 6010 s £ DOSIODUS pue Aiqiseay pue Aupiqiseay o1doy surunialeq ey [PNULY Lt 9Y) S98eIN0dUD pue R
aiqshaeummam //:dyy £1020211 INO /.\m_\MM_on 3 P * | owdoy surwmag DT VML sofels yuawdofoaap pue 'snd [rews
SWIBI[[IM uyor SordoL dnyress [eonLd ay3 spuny
XUSe'€102-dINLONYLS
|\Qm<\<\¢<|~:Wm|mZO "
'1.£0/s9IL1/BIpoW [rurdaeu
/~/uonisuel], @gswermuyol spuny jo pwsuwwwm%owom%%mhwwoo
/$91010100.1(] Z7€0-969 (€0L) 201105 Y[gS-uou O Do fpund paynuap! e —
/A3o1ouyday, swesdoid 6019 - paynuapI sey c.w ﬁE::D S s1hg-1 QIe spuny ANO 2 JO UONEEIIPWWON 111 @seyd J1ds
-90uRIS /urAaeu q14gs AaeN Jey) Auedwod S 111 9Seyd Sy S
uommm//:dny 10309110 YNO AIgs Auy .
surer wgop XEN NSTS
/wod
aiqsAaeummam /7 :dyy
XUse¢l0Z-4dNLONALS
-QYIVMVY-IIISINO
/1£0/s9111/e1pow Trurdaeu
/~/uonsuel], @9swer[muyol 1 9seyd
/S91e1030211(] 2¥£0-969 (£02) pajordwod SIe3A 7 10 $1500 [2101 000'000'TS SSEUT 10 ‘1 9seyd jo yuawdoforap
/K3ojouyday, sweadold L01Z - A[nyssaoons P290X2 J0U $90P A[[ensn ‘] aseyq s1hz-0 :owum n_ﬁ_ %o W ANO oy ansand 1ayyany pue 11 9seyd ¥14s
-90uRIdS /AU A1gS AseN sey Jey) Ul PAASIYDE S)NSAI ) UO paseq 1ol JO s3nsau a3 uo puedxy
uomMmam//:dyy 10309110 YNO SsauIsnq [[ews
SWEIIM ugor
/wiod
aiqshaeummam //:dyy
XUse'€l0Z-4dNLONILS
~QYVMV-dIdS-INO 20LJO ¥I4S 4q
/1£0/s911/eIpauwl [urAaeu P2J031UOW R} PAJBAID SJOBIIUO o
/~/uonisuedy, @9swerm uyol ‘SOHd AqQ PR102[as o uonelIos 2anndwo) Amg
/9110300110 2v€0-969 (€0L) SOPOD-L Aq pomaIAdIL o syjuow 9 ‘dy BOPI UE JO JLIOU dn e
/A3ojouyda], swerdo1d €010 SYINd Aq POSIOpUD o | sassaulsng [[ews uondo Y0LS ym M08S I£6'-0 JOqUIDAON ANO [EDIUYD9) PUE DYNUIOS 9} | omm:um M_Wm
-90uaS /urAaeu Aq1gs AaeN :sordog, poyreN UonEe}II0S 9)eN[EAd 03 Apnis AYI[IqIsea,]
uomMmm//:dny 10302110 YNO ‘saseyd ¢ ur jLIawW [B21UYDI)} XeN MOSIS [enuuy 11,
SWel[IM uyor 10 DYIUIIDS pue A[IqIsey
/wod ordoy auruiyeq Apiqisig
aiqsAaeummam /7 :dyy
s1ea.1) SUISIOWD 19IUN0D
yoeoxdde 03 s3doouod pue saniqeded
puAaeuuo [eards 9[qeurelsns ‘a[qep.oyje
1RO DD Bunaoddns 9SLIE PO2U pue Jo SuIp[ay 9)eI9[00k 0}
:wEw :mUo ,%W e ysnoiyy sontunyioddo Ansnpur pue erwapeoe
/uoneziuedio/pi/[u t v PopIRy pue Se Je2A 2} ‘syuowredap [e1opay (1Y) punyg
601 L SOLIBA SOLIBA SOLIBA aso
‘pso’boemmm//:dyy W rew®no i i ; padofaasp Surmnp own Aue 12430 ‘9seq ASojouyod) uonoedy pidey
Jurprew are ponIwqns aq PUE 20UIDS O Y}
swer[me[oud d A d Suig 3
WM PIIoLd sayiqede) ew sfesodoig urgeIoaa] Jo [e03 9yl YIIm
b s syjuow soniiqeded arejrem JengaLr
81019 Buissaippe sardojouyosy
Surdisws uo st snoog
ENRES:ETY 20d TdL ADOTOdOHLINW AlligIoIn3 ONIANN4 NolLvina NIHM OHM 3sodind IANNIA

aso/3adIAYu3s

2017 PEO LS Advanced Technology Investment Plan | 187



19ySyrem
[enpiaiput a3 03 3oedwy

uowwod
xdse e s1ouyred jsonbau SuoNNIOs )9S YIM
‘UOIBAOUUI-SUOIIN[OS BDESE 10 JO syjuow swoqoId papunoq-{om
-(093/uonisuel], \w.ﬁm_omoEEoU 8101 ¢GL sardojoutd9
/$91810309.11( ARG 901JJ0 SUONN[OSYI], SaBTT TPUONEN 10 UIyjim ouap Sunsixa/uidiowo
K3ojouyoa], ! us ANO 242 01 IOSIAPY 90UIIOS qe1 [EUOHEN adKyor0ad sjsonbau Surod o suonedrdde moN SuonN[os
jouy; P LS P d fo1d o8 El 1§ [
-90uRIS /IurAaeu @suonnIosy ' +9 MANO 10 dULIBIN /IO[IES FO- (3UN) dsidianug A0SL ~ 399010 3sEI3AY [ROD -uo s3dodoy N0 1S9SSQIPPE ASojouyoay,
N : - - N g DIBISIY [BABN : N
uomMmm//:dny 9190-969-€0L $9 Aq panrwuqns 3sonboy :\A SdoioAd {SQULIBJ\ PUE SIO[IeS AqQ
n%oﬁ :_o P 9jordwod PoYIIUIPI SPAIU 9210, /193] ]
/SUOnN[OsYd93 /I o %Lomho 0} syjuow 9JBIpaWWI 03 SUOIIN[OS
‘Aneurauommm //:dyyg I :mﬁ e d 21 WNWIXep 1S asuodsai-pidey
P N'Sn Spa2u 3227)
JU2LIMD FUIPW 10§ dUI] J0H
[rurAaeuriuo (Surpuny 1eak-no X
©3083U0D  SdLL (o) dnox 10 9[qisuodsau) PodU DIEIpaUIL
o110 MIIAFY 2AIINDAXY ) Aq apewr dsiosuod 5 UB J99W 0) 92IN0S AUk Woj
xdse we. huo._.um QJB SUOID[AS [euly ‘[oued MarAdL wopmwmm S 5 Pd1 wou sa13ojouay Juawdo[orsp
‘Sd1L-sSuraes-wedoid SdIL [B21UYD9) € 03 Pajdalqns 308 @ E%&M%mo ’ MMOWMWM o Y o8e1s-97e[ puE SUOHN[OS
-uon.asui-£3ojouyd, : . uondI[as 20.1nos 10y ajeridordde u S P SI d 9Us-9Y3-}JO [BIDISWWOD SdlL) sSulaes
[urAaeuiuo I g uonismboy J9qUIDAON I -1
/uonisuel, ©1o8IU0 +8 pui POWaP 3S0Y, "BLIDILID S0 wesdon syjuou yg> Ik e orqeordde uonisueny Aprdes 10§ wesdold
$918103011( EIOY X LLE ‘+9 11B1S oxmbau o) ysurede sresodoad EO d XBIN INZ! -0 B2 ANO INO 0) paan3onag 's3sod 1roddns uonJasuy
weidoid P h ! saqmboy 1240300 P
K3orouyoa], 913IWANS [[B MIIADI JJBIS 9OUJO o R Qoueudjurew pue suonesado KSorouyoay,
Louy aAnenIUL P ans 1 3 Y (s1030B1U0D anp sfesodoig P Louy
-90uaIdS /[urAaeu Cormsues uonisues], YNO YNO 03 Juas KABN U1IM ¥ aqusds sonpau Apueoyrugis 03 1opIo
uoMMmMm //:dny N L st agexoed suonoaes 01D AVN J— _M _%u ueo) X mon_ 1498 ut swrexdoud uonismboy
LEO BUY Y], WODSAS OB IO, NeL0qel B> OLD VN NO( 0jUl P1.Idsul o1
9poD) uonIsueL], [euy U ) UBI[IAID /ATyt
0 LI ejonb [esodoud e sansst YNO o0 weiSor sar3ojoutypa3 a8pa SunInd
30°99UJO INO YO d MU JBY) 98I U] 9SBAIOUI O,
399
Ay 10 Ayrunwwiod
uonismboe ayy
ooy o wo.j Iy YNO SIB9K ¢ 01
[ Y3 Jo 9pisino UIIIM UOILIdsU]
X . X 10 Ayrunwwod uonismboe ay) X
xdse uoneaouur Aneu®ossaq ul Koeo0Ape Suons arey . SIULUNSIAUT
-sspromdurems L£0%-969 (€0L) o} 19D ANO 941 JO 9PISINe fpunnou swesSog S1804 € 01 1 UM UODIaSUL [enuelsqns
Koeooape 3uoxs aAey Ajounno. 1PuR *SJUQWIISIAUL [BIJUB)ISNS FuD[EUl .
/UOnUAUL-A19A0DSID assard wif swesSou paambaijou st paumba1 321030q ASojouyda) pasodoad e jo Bupfewt 210joq s1daou0o pue
~[0JBS91-201JO d -poul jou st J0U ST JUAWRISe Joq Asojouto9) p J A3ojouyo9) i P
v . . 9017 JUSWI3E UOTISUBI) [BULIOJ . UONBINIBW 9} SUIWEXD 0] SAPNIS SIhg-1 ANO sa13ojouyda) 2andnusip pue syprop durems
/$91810300.11( [urAAeuIuo . UONISUB) [BULIO} ¥ pasodoud e jo A
: d ‘owresjown juawdo[oasp : K103e10[dX 110YS SIFBIIAIT NSLI-yS1y ‘aAneaouur sasodxy
/A3ojouyday, @syromdurems ASopounpay sqmsod 35e11008 ‘owelown uoneInjewt
-90uRIS /TurAaeu $1.9-969 (£02) oy 10] m\so:w.mmwuo; doyl, Juowdojonap XeW INIS-SI00IS oY) QUIWEX
uomMmm//:dyy uornjeaouu] “IOINOSXD pUE £8ojouyoay aqissod 03 S9IpM)S
0 99330 “UNO Suuuerd u o Eimv enueisans 1593100 oY) 10 K10re101d%0
i 1 HATqExaY [t smojre ssanoad ay, oys mwmsw\ﬁq
‘uonnoaxa
pue Suruuerd ut
Apqixay enueisqng
paambau
diysazouyred
135-IN0GE,/AN0GE Gonmnsur 103098 91BALIJ 10 JUIWILIIAOD
T . e Q) WO WOd Ued Jurpung
/aoaigsmmm//:sdny 0£8£-969 (€0L) _ 0189591 ON awn pajruun poghuapt I1 9SBYd JO SHNSsal
. 193euey weagold | Q1019 {Spunj Jo 9dInos poNwIUNg sIkg-1 aIe spuny ANO U JO UOREAERIOWOD 111 9seyd ¥.LLS
EM,: xva\WH\o% ALLS INO YLLS-uou 111 oseyd sy
aigshaeurmmm //:dyy PaynuapI sey
Jey) Auedwod XEN NES
ALLS Auy
1)3S-INOQe/INoqe uonaidwod P9199[9S JULUWIULIIA0D s59901d
/noZnasmamm// sy 0€8.-969 (€0L) _ 1 omm:m [NJss200ns uondo yyuow 6 yum sypuout gy £ 1 9seyd jo 10 30onpoud ad£fyojoad e
. Jo8eueN WesSold | G03g i sdigsiouired uondo 0Sz$ UMM M00SS s14z-0 vopardwos 1y ANO doforop pue | 9seUq JO 11 9seyd ALLS
[unyxopur/wod LLS ANO ALLS symsas oy o puedsy
aigskaeurmmam //:dpy XeIN 000°000°TS
1)5-In0ge/N0qe ﬁhmmmwm“w%w% uonedIos 2annaduwo)
/A0 a1gs'mmm //:sdyjy 0£82-969 (£0L) Pim Umym:&mm syauout /, aunf BIPI UR JO JLIDW dn g
1a8euey weidold [SReER - S9SSOUISN: uondo LS UM 0SS IK1-0 e ANO [BOIUYD2] PUB DYNUIDS Y3
. Isng [rews d £ £ 1 9seyd JLLS
[unyxapul/wod ALLS ANO sdysIouLIeg ordo, [enuuy a1en(ead 03 Apmis Ayiqisea
-ngskaeummm //:diy ’ Hw LIS XeN MOSTS
31ISg3IM n_mO\Ummvvn__>~_mm TdL ADOTOdOHLIN ALITIg19113 ONIANNd NolLvina N3IHM OHM 3sodind INN3IA

188 | 2017 PEO LS Advanced Technology Investment Plan



(d1A) wesSoiq s1oreSnsanur Sunox
weiBoid (ISVOEd)
SI99UIBUY PUE SISTJUSIOS 10] PIEMY
J1991eD) AJIRY [BUSPISAI] O],
(N) soanentu
U21e2s9y AISIOAIUN Y JO WeISo1d

G102 1oquiada(g youeasy Areurdiosiprmy
xama.mwmﬁui L0 °np (M00Sdda)
Juoreasay-parosuods o 120K 5 012 AN suondo A e Bons sty o
“Axeu b : SE 10 A[[EIUQWRIOUl PIpUN, S10g 19qui2idos ! d [Fusuiiscyd dod (an)
A ru 1801d 11 1 popung 3 N
/UOTIUDAUI-AIDA0DSIP N UPIEQENE] Ul SWeI30. 123k od WIS - 51088 AN AlfeordAL 80 anp (dniNQ) wesoid uoneyuswnNsu] soAnenu
~1J0IB3SI-9DJO y011 - Sunuesd 22139p H 1ot SIAG-7 s1aded 23ym SOI)ISIDAIUN UoIBISAY ANSIOAIUN 2SUDJO( A
111$-969 (€0L) weidoid £q saLiep i YoIeasay
/S91e1030211(J uspreg emed UM UOTIBONPD B (91Ad 10J) ININ [suonmnsur Kys1oaiun
\ %Mo_ocsuu,h hmsz Jjo xe 013591 DIWAPLOE A pauLiojrad B i
~90uaDg /TurAaRu suonmnsul ‘s N INSS-0SS Joquadag sweigoid yoreasal pazierads
uoMmMm //:dny Gz Aqyuuqng : JO UOIDI[[0D B SI DANBIIUI DY,
(910ZAd) dINA *SPI9U ISUDJOP [BUOITEU O]
[eonLId sourddsIp ur $ISNUIDS
PUE $199UISUD JO UONBONPI )
syr0ddns pue saniszaarun Aq
Pa1oNpu0d OIBSAI ISUJIP
Jo A1renb oy aroaduir 03 syaas
QAIIBNIU] YDIeISAY AYSIDAIUN D],
311S93IM 20d at-Ni AD0TOdOHLIN ALITIgIoNN3 ONIANN4 NolLvina N3IHM OHM 3sodind dNN3A

aso/3adIAYu3s

2017 PEO LS Advanced Technology Investment Plan | 189



THIS PAGE INTENTIONALLY LEFT BLANK






ATIP

Advanced Technology Investment Plan

2017 - Volume VIII

PEO Land Systems Marine Corps
It’s All About the Warfighter

Program Executive Officer Land Systems
2200 Lester Street
Building 2210
Quantico, VA 22134
Phone: (703) 432-3370
Email: peolandsystems@usmc.mil



	Executive Summary
	Bottom Line Up Front
	TABLE OF CONTENTS
	1.0 INTRODUCTION
	2.0 S&T COLLABORATION ANDENGAGEMENT
	3.0 FUTURES
	4.0 TOP TECHNICAL ISSUES
	5.0 PEO LS S&T FOCUS AREAS
	5.1 POWER AND ENERGY
	5.1.1 Fuel Efficiency
	5.1.2 Intelligent Power and Thermal Management
	5.2 SURVIVABILITY AND MOBILITY
	5.2.1 Survivability
	5.2.1.1 Fuel Containment/Fire Suppression
	5.2.1.2 Safety
	5.2.2 Mobility
	5.2.2.1 Crew Visibility
	5.2.2.2 Corrosion
	5.2.2.3 Autonomy
	5.2.2.4 Weight Reduction
	5.3 MODELING AND SIMULATION
	5.4 OPEN PLUG-AND-PLAYCOMMUNICATION ARCHITECTURE
	6.0 WARFARE CENTERS
	7.0 MCWL/DARPA EFFORTS
	8.0 PEO LS PROGRAMS
	8.1 ASSAULT AMPHIBIOUS VEHICLE
	8.2 AMPHIBIOUS COMBAT VEHICLE PHASE 1 INCREMENT 1
	8.3 COMMON AVIATION COMMAND AND CONTROL SYSTEM
	8.4 GROUND BASED AIR DEFENSE
	8.5 GROUND/AIR TASK ORIENTED RADAR
	8.6 JOINT LIGHT TACTICAL VEHICLE
	8.7 LOGISTICS VEHICLE SYSTEMS REPLACEMENT
	8.8 MEDIUM TACTICAL VEHICLE REPLACEMENT
	8.9 M-ATV/COUGAR/BUFFALO
	8.10 LIGHTWEIGHT 155MM HOWITZER
	9.0 S&T VENUE LIST



