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Executive Summary

Today’s military has seen an evolution in technology that is creating an entirely new capability
to project power through the use of unmanned systems while reducing the risk to human life.
The contributions of unmanned systems continue to increase. As of October 2006, coalition
Unmanned Aircraft Systems (UASs), exclusive of hand-launched systems, had flown almost
400,000 flight hours in support of Operations Enduring Freedom and Iraqi Freedom, Unmanned
Ground Vehicles (UGVs) had responded to over 11,000 Improvised Explosive Device (IED)
situations, and Unmanned Maritime Systems (UMSs) had provided security to ports. As a result
of these successes, the Quadrennial Defense Review (QDR) emphasized the importance of
unmanned systems in the Global War on Terrorism (GWOT).

Unmanned systems are highly desired by combatant commanders (COCOMs) for the many roles
these systems can fulfill. Tasks such as mine detection; signals intelligence; precision target
designation; chemical, biological, radiological, nuclear, explosive (CBRNE) reconnaissance; and
communications and data relay rank high among the COCOMs’ interests. These unmanned
capabilities have helped reduce the complexity and time lag in the “sensor” component of the
sensor-to-shooter chain for prosecuting “actionable intelligence.” Unmanned systems are
changing the conduct of military operations in the GWOT by providing unrelenting pursuit
combined with the elimination of threats to friendly forces; including injury, capture, or death.

As the Department of Defense (DoD) develops and employs an increasingly sophisticated force
of unmanned systems over the next 25 years (2007 to 2032), technologists, acquisition officials,
and operational planners require a clear, coordinated plan for the evolution and transition of
unmanned systems technology. With the publication of this document, individual roadmaps and
master plans for UASs, UGVs, and UMSs (defined as Unmanned Undersea Vehicles (UUVs)
and Unmanned Surface Vehicles (USVs)) have been incorporated into a comprehensive DoD
Unmanned Systems Roadmap. This integrated Unmanned Systems Roadmap is the plan for
future prioritization and funding of these systems development and technology, thus ensuring an
effective return on the Department’s investment. Its overarching goal, in accordance with the
Strategic Planning Guidance (SPG), is to guide military departments and defense agencies
toward logically and systematically migrating applicable mission capabilities to this new class of
military tools. This Roadmap highlights the most urgent mission needs that are supported both
technologically and operationally by various unmanned systems. These needs, listed below,
should be considered when prioritizing future research, development, and procurement of
unmanned systems technology to ensure an effective return on the Department’s investment.

1. Reconnaissance and Surveillance. Some form of reconnaissance (electronic and visual) is
the number one COCOM priority applicable to unmanned systems. Being able to surveil
areas of interest while maintaining a degree of covertness is highly desirable. The
reconnaissance mission that is currently conducted by unmanned systems needs to increase
standardization and interoperability to better support the broad range of DoD users.

2. Target Identification and Designation. The ability to positively identify and precisely
locate military targets in real-time is a current shortfall with DOD UAS. Reducing latency
and increasing precision for GPS guided weapons is required. The ability to operate in high-
threat environments without putting warfighters at risk is not only safer but potentially more
effective than the use of current manned systems.
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3. Counter-Mine Warfare. Since World War II, sea mines have caused more damage to US
warships than all other weapons systems combined. Improvised Explosive Devices (IEDs)
are the number one cause of of coalition casualties in Operation Iraqi Freedom. A significant
amount of effort is already being expended to improve the military’s ability to find, tag, and
destroy both land and sea mines. Unmanned Systems are a natural fit for this dangerous
mission.

4. Chemical, Biological, Radiological, Nuclear, Explosive (CBRNE) Reconnaissance. The
ability to find chemical and biologic agents and to survey the extent of affected areas is a
crucial effort.

Some of these missions can be supported by the current state-of-the-art unmanned technology
where the capabilities of current or near-term assets are sufficient and the risk to warfighters is
relatively low. Other mission areas, however, are in urgent need of additional capability.
Current unmanned capabilities must evolve into the future DoD acquisition and operational
vision. Current support to the warfighter must be sustained while making the transition, but
every effort must be made to accommodate these evolving unmanned technologies along with
more traditional technologies as soon as possible. The activities the Department is undertaking
to address these mission areas are detailed within this Roadmap.

The Office of the Secretary of Defense (OSD) is responsible for ensuring unmanned systems
support the Department’s larger goals of fielding transformational capabilities, establishing joint
standards, and controlling costs. OSD has established the following broad goals to steer the
Department in that direction. It is anticipated that future versions of the Roadmap will include
specific methodology, metrics, and assignments to achieve the stated goals.

Goal 1. Improve the effectiveness of COCOM and coalition unmanned systems through
improved integration and Joint Services collaboration.

Goal 2. Emphasize commonality to achieve greater interoperability among system controls,
communications, data products, and data links on unmanned systems.

Goal 3. Foster the development of policies, standards, and procedures that enable safe and
timely operations and the effective integration of manned and unmanned systems.

Goal 4. Implement standardized and protected positive control measures for unmanned systems
and their associated armament.

Goal 5. Support rapid demonstration and integration of validated combat capabilities in
fielded/deployed systems through a more flexible prototyping, test and logistical support process.

Goal 6. Aggressively control cost by utilizing competition, refining and prioritizing
requirements, and increasing interdependencies (networking) among DoD systems.

The long-term plan is to publish a truly integrated Unmanned Systems Roadmap in January 2009
that builds on this effort and increases focus on manned and unmanned systems interoperability
to achieve our future vision.
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Chapter 1. Introduction

1.1. Purpose

This Unmanned Systems Roadmap provides a strategy to guide the future development of
military unmanned systems and related technologies in a manner that leverages across their
various forms while meeting joint warfighter needs. It also prioritizes the funding and
development of unmanned systems technology within the Department of Defense (DoD) to
ensure an effective return on the Department’s investment.

As each Military Department develops a wide range of unmanned capabilities for its unique roles
and missions, an unprecedented level of coordination and collaboration is possible to meet the
identified capability needs of the COCOMs and reduce acquisition costs by requiring greater
standardization and modularity across the Military Departments. Individual Military Department
planning documents for unmanned aircraft, ground, and maritime systems have been
incorporated into this comprehensive, integrated Unmanned Systems Roadmap. By 2009, this
Roadmap will become a single, joint-coordinated, acquisition and technology deployment
strategy that will encompass all the Department’s unmanned systems efforts.

1.2. Scope

This document covers all U.S. defense unmanned systems. The definition below is modified
from the existing Joint Publication (JP) 1-02 definition of unmanned aerial vehicles (UAVs) to
provide a working definition of an “unmanned system.”

Unmanned Vehicle. A powered vehicle that does not carry a human operator, can be operated
autonomously or remotely, can be expendable or recoverable, and can carry a lethal or
nonlethal payload. Ballistic or semi-ballistic vehicles, cruise missiles, artillery projectiles,
torpedoes, mines, satellites, and unattended sensors (with no form of propulsion) are not
considered unmanned vehicles. Unmanned vehicles are the primary component of unmanned
systems.

This Unmanned Systems Roadmap is focused on the future. All science and technology efforts,
future acquisition, and research projects should be consistent with the tenets of this document.
While there is a risk of stifling innovation if all future unmanned systems conform to strict
requirements, there is a balance between innovation and standardization that each individual
effort must consider. Existing acquisition programs are not expected to make significant
changes, especially at the expense of delaying delivery of critical capabilities to the warfighter or
at a significant increase to development costs. However, each Military Department should
consider the direction the DoD is heading and implement changes into existing programs
consistent with the goals, when practical.

1.3. Vision

The DoD will develop and employ an increasingly sophisticated force of unmanned systems over
the next 25 years (2007 to 2032). This force must evolve to become seamlessly integrated with
manned systems as well as with other unmanned systems. The Department will pursue greater
autonomy in order to improve the ability of unmanned systems to operate independently, either
individually or collaboratively, to execute complex missions in a dynamic environment.

Chapter 1 Introduction
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Figure 1.1 illustrates how unmanned systems are already employed in a significant number of
roles. The systems are broken out by Military Department to illustrate areas with current and
potential future collaboration. Reconnaissance, strike, force protection, and signals collection
are already being conducted by fielded systems, and acquisition programs are developing
systems to support the warfighter in even broader roles.
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Figure 1.1 DoD Unmanned Systems, Present and Future Roles

COCOMs’ warfighting missions and capability needs are the focus of this Roadmap, as
illustrated in Figure 1.2. The Roadmap emphasizes missions and capabilities in terms of their
air/sea/land domains without regard to Military Department. The vision for these systems is that,
regardless of originating Military Department, they will quickly evolve to the point where
various classes of unmanned systems operate within and between these domains in a cooperative
and collaborative manner to meet the joint warfighers’ needs. The ultimate vision is for a UAS
to be teamed with a UGV over land and with a UMS over water in combined arms roles and to
be integrated with manned systems to extend and augment warfighter manned capabilities.
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Figure 1.2 Joint Services Roadmap for Achieving DoD Vision for Unmanned Systems

1.4. Goals and Objectives

The DoD is developing a wide range of unmanned system capabilities across each domain. The
Office of the Secretary of Defense (OSD) is responsible for ensuring that these capabilities
support the Department’s larger goals of fielding transformational capabilities, establishing and
implementing joint standards, ensuring interoperability, balancing the portfolio, and controlling
costs. To this end, the following broad goals are intended to achieve key unmanned system
capabilities:

Goal 1. Improve the effectiveness of COCOM and coalition unmanned systems through
improved integration and Joint Services collaboration.

Objective 1.1. Conduct concept demonstration/warfighter experimentation with
promising technologies. This step would allow for early assessment to help define
realistic requirements underpinned by sound operational concepts.

Objective 1.2. Conduct risk reduction to mature technologies. This step allows the
Military Departments to finalize capability requirements and to establish funding for
formal program initiation while overcoming the technology transfer challenges.
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Goal 2. Emphasize commonality to achieve greater interoperability among system controls,
communications, data products, and data links on unmanned systems.

Objective 2.1. Field secure common data link (CDL) communications systems for
unmanned systems control and sensor product data distribution. (BLOS and LOS)

Objective 2.1.1. Improve capability to prevent interception, interference,
jamming, and hijacking. Seek integrated solutions between technology, tactics,
training, and procedures.

Objective 2.1.2. Migrate, as appropriate, to a capability compliant with the
Software Communications Architecture of the Joint Tactical Radio System when
available.

Objective 2.2. Increase emphasis on “common control” and “common interface”
standards to allow for greater interoperability of unmanned systems.

Objective 2.3. Ensure compliance with the existing DoD/Intelligence Community
Motion Imagery Standards Board metadata standard and profiles for all unmanned
systems capable of full motion video.

Goal 3. Foster the development of policies, standards, and procedures that enable safe and
timely operations and the effective integration of manned and unmanned systems.

Objective 3.1. Promote the development, adoption, and enforcement of Government and
commercial standards for the design, manufacturing, and testing of unmanned systems.

Objective 3.2. Coordinate with Federal Aviation Administration (FAA) and other
applicable Federal transportation organizations to ensure the operations of DoD
unmanned systems adhere to collision avoidance requirements (airspace, waterspace, and
ground) comparable to the requirements of their manned counterparts.

Objective 3.3. Develop and field unmanned systems that can “sense” and autonomously
avoid other objects in order to provide a level of safety equivalent to comparable manned
systems.

Goal 4. Implement standardized and protected positive control measures for unmanned systems
and their associated armament.

Objective 4.1. Develop a standard unmanned systems architecture and associated
standards for all appropriate unmanned systems.

Objective 4.2. Develop a standard unmanned systems architecture and associated
standards for unmanned systems capable of weapons carriage.

Goal 5. Support rapid integration of validated combat capabilities in fielded/deployed systems
through a more flexible test and logistical support process.

Objective 5.1. Develop and field reliable propulsion alternatives to gasoline-powered
internal combustion engines.

Objective 5.2. Develop common, high-energy-density power sources (primary and
renewable) for unmanned systems that meet their challenging size, weight, and space
requirements, preferably common with manned systems as well.
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Goal 6. Aggressively control cost by utilizing competition, refining and prioritizing
requirements, and increasing interdependencies (networking) among DoD systems.
Objective 6.1. Compete all future unmanned system programs.

Objective 6.2. Implement Configuration Steering Boards to increase the collaboration
between engineering and operations to field vital capability within budget constraints.

Objective 6.3. Develop common interoperability profiles for development, design and
operation of unmanned systems.
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Chapter 2. Strategic Planning and Policy

2.1. Background

Unmanned systems are currently serving in key operational roles in the GWOT and routinely
garner enthusiastic support from the warfighters who employ them. The operational utility and
potential of unmanned systems are growing at an accelerating rate throughout DoD to the extent
that unmanned systems will inevitably have a continued and greater presence within the force
structure over the foreseeable future. The Department is, therefore, committed and is
organizationally postured to shape and capitalize on unmanned systems technology advances to
better serve the warfighters.

This Roadmap is focused on providing capability to the warfighter and fostering interoperability
of air, ground, and sea systems — both unmanned and manned. The Roadmap describes
unmanned systems in the current force structure as well as systems currently in development.
The combination of these efforts into a single document with a common vision represents the
initial strategy and schedule by which the Department intends to capitalize on unmanned systems
to execute missions that today are largely conducted with manned systems. Elements such as the
vision, strategy, schedules, and technology investments will be further refined when the 2009
publication of the Unmanned Systems Roadmap is prepared.

2.2, Congressional Direction

In Section 220 of the Floyd D. Spence National Defense Authorization Act for Fiscal Year (FY)
2001 (Public Law 106-398)," Congress stated two key, overall goals for the DoD with respect to
UAS and UGV development:

» By 2010, one third of the aircraft in the operational deep strike force should be unmanned,
and

» By 2015, one third of the Army’s Future Combat Systems (FCS) operational ground combat
vehicles should be unmanned.

Since this 2001 expression of Congressional intent to advance the introduction of unmanned
systems into the Joint Forces, the DoD has taken positive steps toward achieving those goals.
Congress assisted the continued accelerated fielding of existing UASs by amending Section 142
of the National Defense Authorization Act for FY2006, which contained a provision limiting the
initiation of new UASs. Section 141 of the John Warner National Defense Authorization Act for
FY 2007 makes it clear that the limitations contained in the 2006 authorization act do not apply
to systems under contract, previously procured, or for which funds have been appropriated but
not yet obligated.’

! These goals and associated reporting requirements are found in section 220 of the Floyd D. Spence National
Defense Authorization Act for FY2001 (Public Law 106-398; 114 Stat 1654A-38).

2 Section 141 of the John Warner National Defense Authorization Act for FY 2007 (Public Law 109-364, 120 Stat
2116) amending Section 142 of National Defense Authorization Act for FY2006 (Public Law 109-163; 119 Stat.
3164).
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In response to Section 941 of the John Warner National Defense Authorization Act for FY 2007
an interim report was provided by DoD to address unmanned systems requirement generation
and acquisition processes. The assessment of the Department in the report is that current policies
for capabilities generation, acquisition and sustainment processes, and DoD organizational
structures for unmanned systems development are very much aligned with Congressional intent
without additional policy development. By recognizing and pursuing the potential of unmanned
systems to provide improved capability to the Nation’s warfighters, the Department oversees and
manages the focused development of unmanned systems from a single, centralized,
organizational vantage point within the Office of the Under Secretary of Defense Acquisition,
Technology, and Logistics (OUSD(AT&L)). This Roadmap enables the Department to take
deliberate, appropriate, operationally effective steps toward fulfilling the goals of having one
third of the aircraft in the operational deep strike force be unmanned by 2010 and having one
third of the Army’s FCSs operational ground combat vehicles be unmanned by 2015.

2.3. Acquisition Policies

2.3.1. General

Development and acquisition of UASs, UMSs, and UGVs are governed by a myriad of DoD
directives that provide policy and direction for specific developments or classes of development
activities. Because unmanned systems are really “systems of systems,” including components
such as platforms, sensors, weapons, command and control architectures, computers, and
communications, the Military Departments and program managers must integrate the policy of
multiple documents into their program plans. The following is a partial reference list of key
DoD Chief Information Officer (CIO) directives of interest to the unmanned systems
community:

» 3222.3 DoD Electromagnetic Environmental Effects (E3) Program 9/08/2004

» 4630.5 Interoperability and Supportability of IT and National Security Systems (NSS)
5/5/2004

» 4640.13 Management of Base and Long-Haul Telecommunications Equipment and Military
Services 12/05/1991

4650.1 Policy for Management and Use of the Electromagnetic Spectrum 6/08/2004
» 4650.5 Positioning, Navigation, and Timing 6/2/2003

5030.19 DoD Responsibilities on Federal Aviation and National Airspace System Matters
6/15/1997

» 5100.35 Military Communications-Electronics Board (MCEB) 3/10/1995

» 5144.1 Assistant Secretary of Defense for Networks and Information Integration/DoD Chief
Information Officer (ASD(NII)/DoD CIO) 5/02/2005

8000.1 Management of DoD Information Resources and Information Technology 2/27/2002
» 8100.1 Global Information Grid (GIG) Overarching Policy 9/19/2002

8100.2 Use of Commercial Wireless Devices, Services, and Technologies in the DoD Global
Information Grid (GIG) 4/14/2004

» 8190.1 DoD Logistics Use of Electronic Data Interchange (EDI) Standards 5/5/2000
» 8320.2 Data Sharing in a Net-Centric Department of Defense 12/02/2004
8500.1 Information Assurance 10/24/2002

A\
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2.3.2. Joint Capabilities Integration and Development System (JCIDS)

JCIDS supports the Chairman of the Joint Chiefs of Staff (CJCS) and the Joint Requirements
Oversight Council (JROC) in identifying, assessing and prioritizing joint military capability
needs. CJCSI 3170.01E.3 describes the process all military departments should follow when
identifying, assessing, prioritizing and determining solutions for needed capabilities.
Furthermore, JCIDS “implements an enhanced methodology using joint concepts that will
identify and describe existing or future shortcomings and redundancies in warfighting
capabilities; describe effective solutions; identify potential approaches to resolve those
shortcomings; and provide a foundation for further development.”s

As part of the JCIDS policy and implementation, rigorous assessment and analysis are required
before a decision can be made about which (materiel or nonmateriel) approach to pursue in
resolving identified capability gaps or redundancies. Performing a Capabilities-Based
Assessment (CBA) results in the specific identification of a viable, affordable military solution.
A CBA comprises four types of analysis: Functional Area Analysis (FAA), Functional Needs
Analysis (FNA), Functional Solutions Analysis (FSA), and Post-Independent Analysis (PIA).

A FAA identifies the operational tasks, conditions, and standards needed to achieve military
objectives. A FNA assesses the ability of the current and programmed warfighting systems to
deliver needed capabilities, produces a list of capability gaps that require solutions, and indicates
the time frame in which those solutions are needed. A FSA identifies potential approaches to
satisfying the capability needs including product improvements to existing materiel, adoption of
interagency or foreign materiel solutions, and initiation of new materiel programs. A PIA
independently reviews the FSA to ensure the latter was thorough and the recommended
approaches are reasonable possibilities to deliver the capability identified in the FNA.?

Each of the above analyses affords DoD the opportunity to identify and examine rigorously
capability gaps and potential materiel or nonmaterial solutions, both manned and unmanned, to
those requirements. The policies and implementation of JCIDS via these analyses are how
unmanned systems will be assessed for their ability to meet the capability gaps and potential for
greater integration with, and/or replacement of, manned systems in the future. Furthermore, the
JCIDS analyses also take into consideration the additional factors of timing, affordability,
technical soundness, and sustainability associated with potential unmanned system solutions in
order to maximize the investment return in all domains of unmanned systems.

Go to http://www.dtic.mil/cjcs_directives/cdata/unlimit/3170_01.pdf for additional information
on the JCIDS process.

2.3.3. DoD 5000 series

Following validation of the requirement through the JCIDS process, unmanned systems
capability requirements are satisfied through the execution of acquisition programs in the same
manner as manned systems through DoDD 5000.1 and DoDI 5000.2.* In accordance with
DoDD 5000.1, “The primary objective of Defense acquisition is to acquire quality products that
satisfy user needs with measurable improvements to mission capability and operational support,

3 CICSI 3170.01E, Enclosure A, p. A-5.
* Department of Defense Directive (DoDD) 5000.1, The Defense Acquisition System, 12 May 2003, and
Department of Defense Instruction (DoDI) 5000.2, Operation of the Defense Acquisition System, 12 May 2003.
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in a timely manner, and at a fair and reasonable price.”> DoDD 5000.1 further states, “Advanced
technology shall be integrated into producible systems and deployed in the shortest time
practicable.”® DoDI 5000.2 requires the preparation of an analysis of alternatives for potential
and designated acquisition category (ACAT) I programs.’ The purpose of the analysis of
alternatives is “an analytical comparison of the operational effectiveness, suitability, and life
cycle cost of alternatives that satisfy established capability needs.”®

As with JCIDS, DoDD 5000.1 and DoDI 5000.2 direct that rigorous analysis be undertaken to
assess the ability of the potential materiel solution to meet validated requirements in the context
of other considerations such as affordability, timeliness, and suitability. Because the Defense
acquisition system deliberately seeks affordable advanced technology solutions and JCIDS
identifies the mission requirements and the associated time frame in which those requirements
should be met, existing policies position the Department to satisfy departmental needs and meet
Congressional intent with regard to unmanned systems policy and development. When a
materiel solution is deemed as the appropriate path for satisfying a capability need, preference is
given to advanced technology in accordance with DoDD 5000.1. Unmanned systems are
considered as potential solutions because they are considered advanced technology and are
assessed for feasibility as part of the PIA.

Go to http://akss.dau.mil/dapc/index.html for more information on the DoD 5000 series
documents.

> DoDD 5000.1, Section 4.2, p. 2.

5 DoDD 5000.1, Section 4.3.2, p. 2.

" DoDI 5000.2, Enclosure 6, Resource Estimation, paragraph E6.1.5.

¥ “Defense Acquisition Guidebook,” 16 December 2004, paragraph 3.3, Analysis of Alternatives.
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2.4. Unmanned Systems Funding

Unmanned systems investments continue to grow as additional capability requirements are
generated by Operation Iraqi Freedom and Operation Enduring Freedom and as COCOMs gain
confidence in the operational contributions of unmanned systems. The trend toward adoption of
unmanned systems solutions is anticipated to accelerate through the Future Years Defense

Program (FYDP). The level of current and planned investments in unmanned systems is

depicted in Table 2.1 and Figure 2.1.

Table 2.1 FY2007-13 President’s Budget for Unmanned Systems

PORs Funding
FY08PB ($M) Source FYO07 FY08 FY09 FY10 FY11 FY12 | FY13 | TOTAL
uGv RDT&E* $198.2 $215.4 $199.8| $167.5 $129.3 $58.5| $20.0 $989
PROC* $106.5 $39.3 $29.7 $18.3 $17.9| $156.3| $481.5 $849
O&M* $156.0 $5.7 $8.8 $10.3 $11.0 $12.1 $12.7 $217
UAS RDT&E $760.8 $814.8| $1246.7| $1334.9| $1181.8| $859.1| $839.5 $7,038
PROC $878.4| $1370.3| $2025.1| $2010.5| $1725.7| $1750.8| $1585.7| $11,346
o&M $590.0 $352.3 $367.7| $421.2 $458.8| $501.5| $552.0 $3,244
UMS RDT&E $43.8 $22.7 $34.5 $77.0 $86.0 $101.9| $131.9 $498
PROC $1.7 $2.7 $3.2 $4.8 $40.8 $25.0f $25.1 $103
o&M $4.3 $3.1 $2.8 $2.3 $3.9 $5.9 $6.9 $29
TOTAL $2731.5 $2825.4| $3949.6| $4041.6| $3657.3| $3461.3| $3643.5| $24,310
* RDT&E = Research, Development, Test, and Evaluation; PROC = Procurement; O&M = Operations and Maintenance
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Figure 2.1 DoD Annual Funding Profile for Unmanned Systems ($M)
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2.5. Departmental Responsibilities

DoD has a well-established organization for effective management, coordination, and budgeting
for the development and procurement of unmanned systems. The Portfolio System Acquisition
(PSA) Directorate within OUSD(AT&L) is responsible for executing strategic direction that
shapes and governs capability and product line portfolios through insight and oversight and
horizontal integration across the OSD, Military Departments, and Joint Staff. Within PSA,
unmanned systems are recognized both as elements of a product line portfolio, and thus
supported by this Unmanned Systems Roadmap, and as contributors to multiple-capability
portfolios, given the significant variety of missions that unmanned systems perform.

Additionally, the PSA Directorate is responsible for synchronizing the development of an
unmanned systems integration strategy. Three Deputy Directorates coordinate horizontally on a
regular basis and address management and budgeting for unmanned systems across respective
domains as compared to management by individual Military Departments. All PSA actions and
decisions regarding unmanned systems are informed by coordination with th Military
Department; and a variety of forums exist to enable continuous collaboration between PSA, the
Joint Staff, and the Military Departments in addressing issues such as program performance,
funding allocations, technology investments, and standards. See Figure 2.2.

OUSD(AT&L) ASD(NII) Joint Chiefs of )

Staff
J
)

JROC
E—

Air Warfare Land Warfare Naval Warfare PBFA JFCOM

(Airspace Policy)

[ UAS PTF ] [ JGRE ] JUAS COE

Figure 2.2 OSD Organizational Support for Unmanned Systems

2.5.1. Naval Warfare

The Naval Unmanned Systems Executive Steering Group was established in 2005 by the Navy
Staff (OPNAV NB8) in support of Chief of Naval Operations (CNO) guidance to develop an
unmanned vehicle strategy that moves the Navy from joint deconfliction to integration to
interdependence and that accelerates the introduction of unmanned vehicles into the force. The
Navy last updated the Unmanned Undersea Vehicle (UUV) Master Plan in November 2004, and
the first Unmanned Surface Vehicle (USV) Master Plan is currently in internal Navy review.
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2.5.2. Ground Warfare

Joint Ground Robotics Enterprise (JGRE) policy developed in accordance with direction from
Congress and DoD is to perform the following:

» Oversee a consolidation of efforts,
» Concentrate on establishing definitive robotics operational capabilities, and
» Pursue critical technologies to satisfy capability needs.

The JGRE approach involves additional direction and prioritization and takes into account near-
term emerging requirements and GWOT needs; mid-term and long-term technology maturation;
and greater collaboration between warfighters, laboratories, and program managers to link
doctrine, technology, and capability needs.

As a management tool for UGV development coordination, the JGRE has instituted the Joint
Ground Robotics (JGR) Technical Advisory Board (TAB), which coordinates across the Joint
Staff and Military Departments the ground robotics acquisition and the efforts to map technology
developments (from DoD labs, industry, and academia) to the most pressing military issues and
joint priorities. The JGR 06 Council prioritizes and allocates Advanced Component
Development and Prototypes (ACD&P) and System Development and Demonstration (SDD)
investments based on assessments of technology maturity and feasibility associated with
technologies recommended by the TAB. These efforts ensure technologies are assessed,
matured, and transitioned to programs of record (PORs) to satisfy validated requirements for
ground applications across all the Military Departments. Examples of success include the joint
development, upgrade, and sustainment of explosive ordnance disposal (EOD) robots that are
used by all Military Departments in theater to counter Improvised Explosive Devices (IEDs).

2.5.3. Air Warfare

The UAS Planning Task Force (PTF) was established in 2001 to be the single focal point within
the DoD to guide UAS planning and execution, in coordination with the Military Departments,
Joint Staff, and other agencies. The UAS PTF promotes payload commonality by developing
and enforcing interface standards, ensuring Military Department cooperation, leveraging UAS
contributions to precision targeting, promoting joint experimentation for integrating UAS into
combat operations, assisting the transition of promising UAS-related technologies, and resolving
overarching export policy and airspace issues. The UAS PTF published three DoD UAS
roadmaps (formerly “unmanned aerial vehicle roadmaps™) as a technology roadmap, which
provided DoD with the opportunity to plan for UAS development and employment over the next
25 years.
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Chapter 3. Interoperability and Standards

3.1. Interoperability Requirements

Interoperability is the ability to operate in synergy in the execution of assigned tasks (JP1-02).
Properly implemented, it can serve as a force multiplier and can simplify logistics.

DoDD 5000.1 establishes the requirement to acquire systems and families of systems that are
interoperable.” DoD’s unmanned systems will need to demonstrate interoperability on a number
of levels:

» Among different systems of the same modality. The Army’s OneSystem common ground
control station (GCS) for its MQ-5 Hunter, RQ-7 Shadow, and MQ-1 Warrior UASs is an
example of this level of existing interoperability.

» Among systems of different modalities. The planned ability of ground and air vehicles of the
Army’s FCS to work cooperatively is an example of this level of future interoperability.

» Among systems operated by different Military Departments under various concepts of
operations (CONOPSs) and tactics, techniques, and procedures (TTP), i.e., in joint
operations. An example of this is the Joint Forces Air Component Commanders’ Air
Tasking Order (ATO).

» Among military systems and systems operated by other entities in a common environment.
The ability of military UASs to share the National Airspace System (NAS) and international
airspace with commercial airliners and general aviation is an example of this level of future
interoperability.

» Among systems operated by non-DoD organizations, allies, and coalition partners, i.e., in
combined operations. The MQ-9 Reapers of the Customs and Border Protection (CBP) and
the Air Force and the RQ-1/MQ-1 Predators of the Italian Air Force and U.S. Air Force are
limited (same modality, same model), existing examples of this level of interoperability.

Interoperability is achieved by buying common components, systems, and software and/or by
building systems to common standards. It is most affordable when built into the DoD systems
during the design and acquisition phases, and formal standards best ensure interoperability is
incorporated during these phases.

3.2. Unmanned Systems Standards

Standards (formal agreements for the design, manufacture, testing, and performance of
technologies) are a key enabler of interoperability. PL104-113"" requires Federal organizations
to adopt commercial standards where practical rather than expending its resources to create or
maintain similar ones, specifically in the case of military standards. Where needed standards do
not exist or prove insufficient, OMB Circular A-119'! directs Federal employees to work within
consensus-based standards development organizations (SDOs) to create such standards. SDOs
are domestic or international organizations that plan, develop, establish, or coordinate voluntary

’ DoDD 5000.1, Enclosure 1, paragraph E1.10.

' Public Law (PL) 104-113, National Technology Transfer and Advancement Act of 1995.

" Office of Management and Budget (OMB) Circular A-119, Federal Participation in the Development and Use of
Voluntary Consensus Standards and in Conformity Assessment Activities, 1998.
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consensus standards using agreed upon procedures that define openness, consensus, balance, due
process, and appeals. DoD 4120.24-M'* requires that DoD first consider using non-Government
standards (NGSs), or support revising or developing a NGS to meet DoD needs, in preference to
using Federal documents whenever feasible. In addition to interoperability, using standards also
promotes product quality assurance, furthers DoD commercial acquisition goals, conserves DoD
resources, supports the U.S. industrial base, promotes dual-use technology, and improves DoD’s
mobilization capabilities.

Recognizing the relationship between interoperability and standards, the Secretary of Defense
delegated responsibility to the Under Secretary for Acquisition, Technology, and Logistics, who
assigned the Defense Standardization Program Office (DSPO) as the executive agent to
encourage and coordinate DoD’s role in standards development and use. DSPO is the DoD
representative on the Congressionally mandated Interagency Committee for Standards Policy,
which is chaired by the National Institute for Standards and Technology (NIST) and consists of
representatives from most Federal agencies. DoD’s unmanned community, represented by Naval
Air Systems Command (NAVAIR) PMA-263, began developing UAS standards for NATO in
the mid-1990s as a participant in NATO’s Planning Group 35 (PG-35). Beginning in 2002, a
number of SDOs began creating committees within their ranks to address the needs of the
unmanned community across the spectrum of U.S. and international, as well as military, civil,
and commercial, users of unmanned systems (see Table 3.1). DSPO reviews and coordinates
standards developed by these SDO committees for adoption by DoD.

DoD personnel are actively participating within these SDOs in the following roles to develop
standards for unmanned systems:

» Ensuring DoD-relevant standards are being created,

» Guarding against wording in standards that would be at cross purposes with DoD’s needs
(e.g., compromising DoD’s right to self-certify aircraft airworthiness), and

» Preventing duplication of standard-creating efforts across SDOs.

This last role is important because the practices of individual industry often provide the starting
point of community-wide standards and make the participation of industry experts, which is
largely voluntary, crucial in creating worthwhile standards; therefore, it becomes important to
not squander industry’s voluntary support to these SDOs. Through their consensus-based
processes, SDOs help protect the proprietary concerns of their commercial participants yet draw
on the expertise of these participants to produce standards for the good of the unmanned
community. DoD personnel should encourage and complement, not supplant, the participation
of commercial industries in SDOs. Table 3.1 describes the organizations with which DoD
members are now involved in developing standards for unmanned systems.

The DoD unmanned community participates in standards development through three avenues:

» NATO Standardization Agency, through the work of its Joint Capability Group on
Unmanned Aerial Vehicles (JCGUAV),

» OSD JGRE, through its Joint Architecture for Unmanned Systems (JAUS), and

2 DoD 4120.24-M, Defense Standardization Program Policies and Procedures.
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» Military Department UAS program offices, through their UAS Airspace Integration Joint

Integrated Product Team (JIPT).

Each coordinates (or should coordinate) its products with DSPO. A fourth, Federal venue for
unmanned standards, NIST, has, with DoD participation, worked primarily to establish
terminology for autonomous capabilities.

Table 3.1 Organizations Developing Standards for Unmanned Systems

Category of information SDO

AIAA* ASTM* RTCA* SAE*
Certification ANSI ANSI/ISO ANSI
UAS Committee UAV COS* F38 SC-203 AS-4, others
- Formed Oct 2002 Jul 2003 Dec 2004 Aug 2004
- No. of Members ~15 ~200 ~200 ~120
No. of Standards
- Produced 60 15,000 152 8300
- On Aviation 7 200+ 152 4000+
- Adopted by DoD 3 2572 0 3240
- Recognized by FAA 0 30+ 152 Numerous
- Produced on Unmanned Systems 1 8 0 1
- In Work on Unmanned Systems 0 12 3 4

* ATAA = American Institute of Aeronautics and Astronautics; ASTM = American Society of Testing and Materials; COS = Committee on
Standards; RTCA = Radio Technical Commission for Aeronautics; SAE = Society of Automotive Engineers

3.2.1. UAS Standards

The leaders of the UAS program offices in the Military Departments are the 303¢ Aeronautical
Systems Wing (Air Force), PMA-263 (Navy), and SFAE-AV-UAS (Army). Together, they
formed the UAS Airspace Integration JIPT in 2005 to address common issues and formulate a
common approach to gaining access to airspace outside of military special-use airspaces for their
unmanned aircraft. The JIPT is chartered to provide “recommendations for regulations, policies,
and standards” that will lead to eventual acceptance of unmanned military aircraft routinely
flying among civilian, manned aircraft. Having identified an automated “sense and avoid”
(S&A) capability and secure, robust communication links as the two foremost challenges to
achieving this vision, the JIPT is working in close association with the FAA-chartered RTCA
SC-203 committee on unmanned aviation that has as its objective to solve the same two issues.
Although neither group has set a firm timetable for producing an S&A (or a control and
communication) recommendation, such a deliverable is not expected before 2010. Until then,
DSPO has adopted ASTM F2411 as an interim performance standard for UAS S&A systems,
and conformance with it can be cited as a risk-mitigating measure in DoD requests for

certificates of authorization (COAs) to the FAA.

The JIPT is organized into issue-focused subteams and support-focused activity centers (see
Figure A.5), one of which is a standards development activity center. Its first activity has been to
perform a standards gap analysis to identify airworthiness, operations, and crew certification
topics for which standards are lacking or insufficient. The initial survey identified gaps for

catapults, recovery wires/nets, auto-takeoff and auto-land, and weapons security, among others,
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to be worked by SDOs. One such SDO, ASTM International and its F-38 UAS Committee,
published a limited standards gap analysis for unmanned airworthiness in 2005 (ASTM F2501),
and its recent F2585 standard for pneumatic and hydraulic catapults was adopted for DoD use by
DSPO in 2006. The organization of JIPT is depicted in A.3.

In addition to the JIPT’s standards activities, PMA-263 continues to support NATO JCGUAV’s
interoperability efforts in unmanned aviation. JCGUAV subsumed NATO’s three Military
Department UAS-related groups (PG-35, Air Group 7, and Task Group 2) in 2006. Its major
accomplishments to date have been Standardization Agreement (STANAG) 4586 for UAS
message formats and data protocols, STANAG 4660 for interoperable command and control
links, STANAG 4670 for training UAS operators, and STANAG 7085 for the CDL
communication system, which has been mandated by OSD since 1991. It has also drafted
STANAG 4671 for UAS airworthiness.

3.2.2. UGV Standards

JAUS began in 1995 as an effort by the Army’s program office for UGVs in the Aviation and
Missile Research, Development and Engineering Center (AMRDEC) at Redstone Arsenal to
establish a common set of message formats and data protocols for UGVs made by various
manufacturers. Deciding to convert JAUS to an international industry standard, the program
office approached the SAE, an SDO with robotics experience, which established the AS-4
Unmanned Systems Committee in August 2004. AS-4 has three subcommittees focused on
requirements, capabilities, and interfaces and an experimental task group to test its recommended
formats and protocols before formally implementing them. It plans to complete its conversion of
JAUS and issue it as an SAE standard during fourth quarter FY2009. Although AS-4 is open to
its members’ creating standards on other aspects of unmanned systems beyond message formats
and data protocols for UGVs, much of this broader work is now being undertaken by other UAS-
related SDOs. STANAG 4586 is unmanned aviation’s counterpart to JAUS.

3.2.3. UMS Standards

The Navy’s Program Executive Officer of Littoral and Mine Warfare (PEO(LMW)) formally
adopted JAUS message formats and data protocols for use with its unmanned undersea, surface,
and ground vehicles in 2005. Working through SAE AS-4, the Naval Undersea Warfare Center
(NUWC) has been expanding JAUS to serve the UMS community. It has found only 21 percent
of UMS message formats to be directly compatible with the formats of JAUS, with the high
percentage of new formats needed possibly due to the operation of UMSs in three dimensions
versus the two dimensions of UGVs, for which JAUS was developed.

3.2.4. Media Standards

NGSs exist that provide a framework for storing digital video content. One such framework is
the Media Exchange Format (MXF), which provides an architecture for exchanging digital video
content as a file. An MXF file has a file header that includes metadata providing information on
the video content, also referred to as the “essence,” that follows the file header. A footer
terminates the file. The MXF metadata are composed of objects that are encoded using the Key,
Length, Value (KLV) coding scheme.
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KLV is defined in SMPTE 336M-2001."* The key indicates what kind or type of data will be
presented in the payload. The length describes how many bytes are expected in this set of data.
The value yields the actual payload of the length previously described. The KLV protocol
provides a common interchange for all compliant applications irrespective of the method of
implementation or transport.'* KLV is the standard that the Department is implementing.

The benefit of KLV lies in its use with MXF. It was designed and implemented to improve file-
based interoperability among servers, workstations, and other content-creation devices. These
should result in improved workflows and in more efficient working practices than is possible
with mixed and proprietary file formats. It is not compression-scheme-specific; it simplifies the
integration of systems using Motion Picture Experts Group (MPEG) and digital video formats as
well as future compression strategies. In other words, the transportation of these different files
will be independent of content and will not dictate the use of specific manufacturers’ equipment.
Any required processing can simply be achieved by automatically invoking the appropriate
hardware or software codec. However, MXF is designed for operational use; therefore, all the
handling processes are seamless to the user.

3.3. Roadmap Interoperability Objectives

To provide future, seamless interoperability by DoD UASs with its UGVs and UMSs, a single
standard for message formats and data protocols is needed where two such standards,

STANAG 4586 and JAUS, exist today. Currently, some level of overlap exists between these
two standards in that both are being applied to UASs [JAUS/SAE to smaller tactical unmanned
aerial vehicles (TUAVs)] and some initiatives are underway that are attempting to apply and
demonstrate STANAG 4586 for USVs and potentially other platform types. The long-term goal
within DoD is the evolution to a unified standard where practical. An effort to integrate or
combine these two standards is being pursued by the Joint Unmanned Systems Common Control
(JUSC2) advanced concept technology demonstration (ACTD), with the placing of an engineer
in both SAE-4 and PG-35 working groups as a fully participating and voting member of both
groups. This initiative has led to the identification of a common approach that both groups are
now pursuing that will lead to one interoperability standard that can be applied for development
of all unmanned systems types in the future. SAE-4 and PG-35 are starting to converge on
identification of a set of Internet Protocol-based development schemas [Extensible Markup
Language (XML) is an example] and open-source software development and certification tool
sets that promise to blur the current distinction between the two standards. This work is
documented in a Navy technical report, “Standardization of Unmanned Systems Technical
Standards,” from Naval Surface Warfare Center, Panama City, published in July 2007.

1 Society of Motion Picture and Television Engineers (SMPTE) 336M-2001, Television-Data Encoding Protocol
Using Key-Length Value, 28 March 2001, http://www.smpte.org or http://en.allexperts.com/e/s/so/society_of
motion_picture and_television_engineers.htm.

' International Standard IEC 62261-2, International Electrotechnical Commission, Geneva, Switzerland, 2005,

pg. 6.
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Chapter 4. COCOM Mission and Capability Needs

4.1. Why Unmanned Systems?

The familiar saying that unmanned systems are better suited for “dull, dirty, or dangerous”
missions rather than manned systems presupposes that man is the limiting factor in performing
certain warfighting missions. Although most missions can be dull or dangerous at times, humans
continue to execute them, whether as a matter of tradition or as a substitute for technology
inadequacies.

» The Dull. Air warfare’s long-duration sorties represent one of the most pronounced
examples of “dull” mission roles. The longest Operation Enduring Freedom B-2 sortie was
just over 44 hours, and the longest Operation Iraqi Freedom B-2 sortie was 39 hours. Fatigue
management of the two-person crew is a serious concern of unit commanders during long-
duration sorties. Contrast this relatively short-term imposition on crew endurance with the
nearly continuous string of nearly day-long MQ-1 missions over Afghanistan and Iraq that
have been flown by stateside crews rotating through four-hour duty cycle for over four years.

» The Dirty. The Air Force and Navy used unmanned B-17s and F6Fs, respectively, from
1946 to 1948 to fly into nuclear clouds within minutes after bomb detonation to collect
radioactive samples, clearly a dirty mission. Unmanned surface drone boats, early USVs,
were also sent into the blast zone during Operation Crossroads to obtain early samples of
radioactive water after each of the nuclear blasts. In 1948, the Air Force decided the risk to
aircrews was “manageable” and replaced the unmanned aircraft with manned F-84s whose
pilots wore 60-pound lead suits. Some of these pilots subsequently died due to being trapped
by their lead suits after crashing or to long-term radiation effects.

» The Dangerous. EOD is a prime example of dangerous missions. Coalition forces in Iraq
have neutralized over 11,100 IEDs since 2003. Ground robots have been used in a large
percentage of these instances. The number of UGVs deployed in Iraq in the EOD role has
increased from 162 in 2004 to 1600 in 2005 to over 4000 in 2006.

In the above three roles, the attributes that make the use of unmanned systems preferable to
manned platforms include the following:

» For the dull, allows the ability to give operators normal mission cycles and crew rest.

» For the dirty, increases the probability of a successful mission and minimizes human
exposure.

» For the dangerous, lowers the political and human cost if the mission is lost.

Lower downside risk and higher confidence in mission success are two strong motivators for
continued expansion of unmanned systems across a broad spectrum of warfighting and
peacetime missions.

4.2. Capability Requirements

Unmanned systems provide additional advantages and contributions beyond replacing humans in
dull, dirty, and dangerous roles. For example, higher survivability, increased endurance, and the
achievement of higher G-forces, as well as smaller sizes and thus signatures, in UASs are all
made possible by removing the human from the aircraft. As another example, Sea Power 21
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specifies the use of unmanned systems as force multipliers and risk reduction agents for the
Navy of the future: indeed 20 percent of the Navy’s 2020 surface fleet will be littoral combat
ships (LCSs). LCSs are the first ship class fielded with a significant portion of its warfighting
capability tied to reconfigurable “mission modules,” many of which are made up of unmanned
systems serving as “force multipliers” that provide critical standoff. UMSs extend the reach of
intelligence, surveillance, and reconnaissance (ISR) and other mission monitoring capabilities
into denied areas and into waters too shallow or otherwise inaccessible for conventional
platforms. Similarly, the JGRE sees UGVs as proving to be essential force multipliers in today’s
operations, particularly in the area of IED defeat, and promising to provide advanced warfighting
capabilities and reduce risk levels to warfighters.

4.2.1. User Priorities Across COCOMs and Military Departments

Each COCOM annually submits an integrated priorities list (IPL) of shortfalls in that theater’s
warfighting capabilities. IPLs are the seminal source of joint requirements from U.S. warfighters
and possess three essential attributes as requirements sources. They are “direct from the field” in
pedigree, joint in perspective, and reexamined annually. Therefore, their requirements remain
both current and auditable over the years.

The COCOMs submitted 112 capability gaps in their FY2008—13 IPLs. These 112 capability
gaps when combined with Military Department-identified gaps, CONPLAN 7500, and other
lessons learned in the GWOT resulted in a total of 526 gaps. These 526 gaps were synthesized
into 99 prioritized capability gaps. Of the 99 synthesized gaps, 17 are capabilities that are
currently, or could potentially be, addressed by unmanned systems, including 2 of the top 10. In
addition, 8 of the 9 COCOMs submitted gaps that could be addressed by unmanned systems.
This summary demonstrates the growing role of unmanned systems in meeting critical
warfighting capabilities.

In the summer of 2006, OSD, through the Joint Staff, requested COCOM and Military
Department input to prioritize DoD’s unmanned mission needs. Each COCOM and Military
Department was afforded an opportunity to rank predetermined mission areas across various
types and classes of unmanned systems. The priority lists below represent a best fit of the data
received, with all inputs receiving equal weight. Future versions of this Unmanned Systems
Roadmap will more succinctly define and categorize mission areas to enable a broader definition
and standardization of terms. Prior to publication of the 2009 update to this Roadmap, a standard
set of mission areas and unmanned systems classes will be developed. This standardization will
help facilitate increased joint interoperability and understanding of mission needs that can be
filled by unmanned systems. Mission area definitions can be found in Appendix E.

4.2.2. UASs Priorities

Table 4.1 represents the COCOM and Military Department needs for UASs prioritized by the

following four classes of aircraft, which were defined to differentiate the various capability needs
of the COCOMs:

» Small. Gross takeoff weight (GTOW) less than 55 pounds.
Tactical. GTOW between 55 and 1320 pounds.
Theater. GTOW greater than 1320 pounds.

Combat. An aircraft designed from inception as a strike platform with internal bomb bays
or external weapons pylons, a high level of survivability, and a GTOW greater than
1320 pounds. An example is the Navy Unmanned Combat Air System.

Y V V
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Table 4.1 COCOM and Military Department UAS Needs Prioritized By Aircraft Class

Mission Area Small Tactical Theater Combat
Reconnaissance 1 1 1 1
Precision Target Location and Designation 2 2 2 2
Signals Intelligence 7 3 3 4
Battle Management 3 4 5 6
Communications/Data Relay 8 6 4 7
CBRNE Reconnaissance 5 5 9 8
Combat Search and Rescue 4 7 8 9
Weaponization/Strike 16 8 7 3
Electronic Warfare 12 11 6 5
Mine Detection/Countermeasures 6 9 12 11
Counter CCD 10 10 11 12
Information Warfare 13 12 13 10
Digital Mapping 15 14 10 14
Covert Sensor Insertion 11 15 15 13
Decoy/Pathfinder 9 13 18 16
SOF Team Resupply 14 16 14 15
GPS Pseudolite 18 17 17 17
Littoral Undersea Warfare 17 18 16 18

4.2.3. UGV Priorities

Table 4.2 represents the COCOM and Military Department needs for UGVs prioritized across
the following three echelons: company, brigade combat teams (BCTs), and unit of action or

division.

Table 4.2 COCOM and Military Department UGV Needs Prioritized By Echelon

Mission Area Company BCTs Division
Reconnaissance 1 1 1
Mine Detection/Countermeasures 2 2 2
Precision Target Location and Designation 3 3 5
CBRNE Reconnaissance 6 4 3
Weaponization/Strike 4 6 6
Battle Management 8 5 4
Communications/Data Relay 5 7 7
Signals Intelligence 7 8 8
Covert Sensor Insertion 9 9 10
Littoral Warfare 13 10 9
Counter CCD 10 11 11
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4.2.4. UMS Priorities
Table 4.3 represents the COCOM and Military Department needs for UMSs prioritized across
the following four classes, as defined in the UUV Master Plan. At the time of the request for

input, USV classes had not been defined; however, USV mission areas and relative sizes were
considered in the generation of these priorities.

>
>
>

Man-portable. From approximately 25 to 100 pounds displacement.
Lightweight. Nominally 12.75 inches in diameter with displacement of about 500 pounds.

Unmanned Systems Roadmap 2007-2032

Heavyweight. 21 inches in diameter with displacement of about 3000 pounds. This class
includes submarine-compatible vehicles.

Large. Approximately 10 long-tons displacement and compatible with using both surface

ships and submarines.

Table 4.3 COCOM and Military Department UUV/USV Needs Prioritized By Class

Mission Area

ISR
Inspection/Identification
MCM

Payload Delivery
CBRNE Reconnaissance
Covert Sensor Insertion
Littoral Surface Warfare
SOF Resupply

Strike

CN3

Open Ocean ASW
Information Operations
Time Critical Strike
Digital Mapping
Oceanography
Decoy/Pathfinder
Bottom Topography

Man-
portable
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4.2.5. DoD Priorities

Comparing all the COCOM and Military Department inputs across the three domains for the
various classes of unmanned systems revealed common themes. The priorities summarized in
4.2.5.1 through 4.2.5.4 represent the Department’s priorities for how unmanned systems can fill
gaps or improve capability. These priorities are not intended to focus all of our efforts on the top
two or three mission areas, relegating lower priority items to manned or existing systems. With
this unmanned coordination effort, the Department does risk stifling the advancement of “out-of-
the-box™ solutions. Important work is being accomplished across the entire spectrum of mission
areas and should continue. In fact, there are likely missions and unmanned solutions that will
emerge in the coming years that do not exist today. However, the following priorities represent
DoD’s most pressing needs as identified by a survey sent to the COCOMs and Military
Departments and should be considered for future unmanned research and procurement.

4.2.5.1. Reconnaissance

All three domains, across all classes of unmanned systems, listed some form of reconnaissance
(electronic and visual) as the number one priority. Information is the key enabler to today’s joint
warfighter. Persistent surveillance was emphasized in the 2006 Quadrennial Defense Review
(QDR) and epitomizes the dull mission. Being able to surveil hostile areas while maintaining a
degree of covertness is highly desirable. The reconnaissance mission that is currently being
conducted by unmanned systems needs increased standardization and interoperability to gain
capability and economic efficiencies across the classes and domains. Satellites, manned aircraft
and submarines, and unattended sensors all have limitations that can be addressed by unmanned
systems. Certain efficiencies can be realized when unmanned systems operate together to
improve capability with lower costs.

4.2.5.2. Target Identification, and Designation

Finding, fixing, and tagging potential targets is a clear fit for unmanned systems. The ability to
operate in high-threat environments without putting warfighters at risk is a significant advantage
when compared to current manned systems. UUVs are already at work in conducting
underwater hull and pier inspections, and ground target designation by UASs can significantly
reduce the dangers encountered by current ground forces.

4.2.5.3. Counter Mine Warfare

The quintessential dangerous mission, countermine warfare may be the mission area most
suitable for unmanned systems. A significant amount of effort is already being expended to
improve the warfighter’s ability to find, tag, and destroy both land and sea mines. The work that
ground robots are doing in Iraq to defeat IEDs is saving countless lives. Sea mines represent one
of the cheapest and most effective deterrents to unobstructed use of the seas by the fleet and
commercial vessels alike.

4.2.5.4. Chemical, Biological, Radiological, Nuclear, Explosive (CBRNE) Reconnaissance

The ultimate dirty mission, CBRNE reconnaissance, may be the single most important element
of the joint mission to protect the homeland. The thought of a successful chemical or biological
attack on U.S. shores or deployed forces is unfathomable and could have a significant impact on
the U.S. military, economy, and foreign policy. The ability to find and destroy chemical and
biological agents and to survey the extent of affected areas is a crucial effort.
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4.3. Existing Joint Capabilities Being Filled by Unmanned Systems

Unmanned systems are performing many dull, dangerous, and dirty jobs today. Reviews of
existing and draft capability documents reveal a wide range of requirements and capabilities
being filled or developed. Parameters to consider include the following:

» Typical warfighting specifications (endurance, payload capability, detection avoidance,
operational radius/area coverage, and operating parameters such as depth, altitude, and
speed),

Y

Material requirements (size, weight, reliability, and availability),
» Interoperability and open architecture, and

Y

Requirements somewhat unique to unmanned systems (level of autonomy, obstacle
avoidance, and fail-safe systems).

The ability of unmanned systems to meet key warfighter needs is growing every day.
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Chapter 5. Organizational Efforts

There are currently hundreds of efforts underway within DoD, academia, and private industry to
advance unmanned systems development across the spectrum of military and nonmilitary
operations. Until recently, the majority of these efforts have been undertaken within a narrow
scope of a single platform type, Military Department, or technology. This chapter summarizes
and provides links to the major efforts underway specifically related to the advancement of DoD-
related unmanned systems. Through education and possible consolidation of the various
ongoing activities, economies of effort and funding may be possible.

5.1. Department of Defense (DoD)
5.1.1. Studies

5.1.1.1. 2005 Quadrennial Defense Review (QDR)

The 2005 QDR (published in February 2006) established the following department goals for
unmanned systems:

» Investing in new equipment, technology, and platforms for the forces, including advanced
combat capabilities such as unmanned vehicles.

» Strengthening forces to defeat terrorist networks, including establishing an UAS squadron
under Special Operations Command (SOCOM) to provide organic capabilities to locate and
target enemy capabilities in denied or contested areas.

» Increasing procurement of UASs to increase persistent surveillance to nearly double today’s
capacity.

Y

Expanding maritime aviation to include unmanned aircraft for both surveillance and strike.

» Optimizing Air Force reserve component personnel for new missions that can be performed
from the United States, including UAS operations.

» Restructuring the Joint Unmanned Combat Air Systems (J-UCAS) program and developing
an unmanned longer range, carrier-based aircraft capable of being air-refueled to provide
greater standoff capability, to expand payload and launch options, and to increase naval reach
and persistence.

» Increasing investment in UASs to provide more flexible capabilities to identify and track
moving targets in denied areas.

5.1.1.2. Joint Unmanned Aircraft Systems (JUAS) Standards Study

The JUAS Standards Study evaluated the adoption of standards (related to data link and sensor
data flow) by a representative set of UASs and assessed the effectiveness of the standards in
ensuring common and interoperable systems capable of efficient and effective dissemination of
UAS data. The study team examined DoD regulations, directives, and instructions as well as
Military Department guidelines and program documentation. The study team met with military
department officials, including UAS program managers and contractors, to discuss the current
status and future plans for their UAS platforms.

The recommendations presented in this study put greater emphasis on the more immediate
actions that can be taken by the joint UAS community to achieve interoperability through
currently accepted and proven standards and processes. The recommendations also include the
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necessary first steps to posture the joint UAS community to take advantage of early joint UAS
information or data flow definition and requirements to meet the evolving Global Information
Grid (GIG) and network-centric operational warfare environment. Coupled with a lack of
proactive, enforceable measures, a gap involving joint capabilities stakeholder definition,
application, and oversight exists in recent UAS acquisitions. Key areas of concern, discussed in
this study, involve standards definition, acceptance, and implementation for the greater good of
joint interoperability. Standards determination and implementation, when well informed with
effective Government stakeholder oversight and proactive measures, lead to valid results.
Properly enforced, the standards discussed within the study can strengthen UAS developed and
integrated subsystems, systems, and systems of systems for greater interoperability. A balanced,
well-governed joint process is capable of producing greater benefits for the Joint Forces.

5.1.1.3. Unmanned Air Systems Requirements Study

The goal of the Unmanned Air Systems Requirements Study is to update manned and unmanned
ISR requirements, which drive force structure for high-altitude (Global Hawk and U-2) and
medium-altitude (Predator, Reaper, Sky Warrior) ISR platforms. This update is needed because
the last high-altitude ISR requirements were defined in the 2001 Joint Airborne Reconnaissance
Analysis, and, to date, a comprehensive requirements analysis for full motion video systems has
not been accomplished. This effort will also evaluate operator/pilot skill sets and the need for
any adjustments in training equipage.

5.1.1.4. Office of Naval Research (ONR) Roles of Unmanned Vehicles

Directed by the Assistant Secretary of the Navy for Research, Development, and Acquisition, a
2002 study on the roles of unmanned vehicles assessed potential concepts of operations and
employment across all naval missions with respect to unmanned vehicles. The study panel
examined fleet needs, requirements, and desired capabilities and then recommended which
concepts were considered to have the greatest potential to improve warfighting capabilities and
effectiveness while reducing manpower and operating costs. The study results are available at
www.onr.navy.mil/nrac/docs/2003%5Fes%SFrole%SFunmanned%3SFvehicle.pdf.

Additionally, in 2005, the ONR Future Naval Capability (FNC) program was restructured to
align with the pillars of the Navy’s vision for the future, Sea Power 21, and to focus on providing
enabling capabilities to close warfighting gaps. The FNC program provides the best technology
solutions to stated OPNAYV requirements by bundling discrete but interrelated science and
technology products that deliver a distinctly measurable improvement within a five-year time
frame. A three-star Navy and Marine Corps Board of Directors, the technical oversight group,
approves the FNC recommendations based on their contribution to closing a warfighting
capability gap, rather than on individual products. Thirty-five ongoing enabling capabilities are
dedicated to the FNC. For more details on FNC program studies, visit www.onr.navy.mil.

5.1.1.5. Joint Ground Robotics Enterprise (JGRE) Studies

As UGVs have proliferated on the battlefield, there have been multiple recommendations for
developing a common controller for these systems. The concepts for a common controller range
from a single controller to control multiple platforms, to a single controller configuration to
control all types of ground robotics, to a single controller configuration for all types of unmanned
systems. The JGRE will study each of these concepts, identify their attributes and deficiencies,
and provide a characterization of the associated trade space so that a better understanding of the
best path forward for addressing common control can be achieved. The study is not intended to
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recommend a solution or even establish requirements, but will serve as a good definition of the
implications associated with each of the options for common control of unmanned systems. The
study is expected to be completed by end of FY2007.

In another study, the Unmanned Systems Safety Precepts Policy Study, safety precepts
developed by the Unmanned Systems Safety Workshops were mapped to existing DoD policy to
determine whether the safety precepts were already addressed as policy or needed to be
instantiated in policy as a means of providing needed guidance for achieving safety certifications
for unmanned systems. The study identified which policy already addressed each precept and/or
gave recommendations for how to incorporate the precept into the policy so that DoD has a
comprehensive set of policy guidance that enables consistent, robust safety certification for
unmanned systems.

5.1.2. Working Groups and Organizations

5.1.2.1. Joint Ground Robotics Enterprise

To accomplish the JGRE mission as defined by Congress and OUSD(AT&L), the organization
and functions were revised in FY2006 to better meet future warfighting needs. The JGRE is
supported by organizational bodies composed of Military Department, OSD, and Joint Staff
representation. These bodies provide a responsive management structure consisting of a flag-
level Senior Steering Group (SSG), a JGR Council at the 06 level, and a JGR TAB.

The SSG advises on funding priorities and allocations and provides senior-level guidance for
shaping DoD ground robotics development while serving as a direct link to the warfighter
community at the flag officer level. The SSG is chaired by the Deputy Director of Land Warfare
and Munitions, Portfolio Systems Acquisition, OUSD(AT&L). The Council is chaired by the
Enterprise Director of JGR and consists of Military Department representation from both the
combat development and material development communities. The group’s membership will act
as the ground proponents for an ongoing DoD UGV roadmapping effort and will function to
refine the DoD strategy for advancing ground robotics to include addressing Program Objective
Memorandum (POM) development for funding ground robotics acquisitions. At the technical
level, JGR TAB is composed of Military Department members who will execute the JGRE
technology priorities through their ground robotics technology development programs and
activities. The TAB will provide membership for various working groups to assess and
recommend proposed JGRE technology development and warfighter experimentation based on
assessments of robotics technology maturity and criticality to satisfying warfighter capability
needs as identified by the COCOMs and Joint Staff.

5.1.2.2. Technical Support Working Group (TSWG)

The TSWG was formed in April 1982 as part of the Interdepartmental Group on Terrorism,
chaired by the Department of Justice. Today, the TSWG still performs its mission to conduct the
national interagency research and development program for combating terrorism requirements as
a stand-alone interagency working group. The TSWG has successfully transitioned capabilities
to the departments of Agriculture, Defense, Justice, State, and Treasury; the intelligence
community; the Transportation Security Agency; the public health Military Department; and
many State and local law enforcement agencies. It is through the TSWG and its Improvised
Device Defeat Subgroup that the JGRE coordinates its activities with these various agencies.
Members of EOD organizations from the Army, Navy, Air Force, serve as members of this
Subgroup. In addition, several developers under the JGRE [particularly the Air Force Research
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Laboratory (AFRL)] have provided technologies to satisfy specific TSWG requirements. In
recent years, the JGRE has provided technical support to the development of the TSWG’s Next
Generation EOD Robotic Vehicle (NGEODRYV) program, which is using a common architecture
based upon the JGRE-developed JAUS standard, and is transitioning resulting technology
solutions to the JGRE and joint EOD communities.

5.1.2.3. Unmanned Systems Capabilities Conference (USCC)

Beginning in 2004, JGRE and TSWG have partnered to sponsor an annual USCC that serves as a
forum to bring DoD, interagency, Federal, State, and local bomb squad users in direct contact
with developers and industry representatives to share information on emerging capability needs,
operational lessons learned, research and development (R&D) activities, and Government and
commercial robotic solutions. TSWG has been a continuing JGRE partner for UGV
development. TSWG identifies, prioritizes, and coordinates interagency and international R&D
requirements for combating terrorism. The JGRE works primarily with the TSWG’s Improvised
Device Defeat Subgroup to align and coordinate applicable JGRE Joint Staff and Military
Department robotic development efforts and to foster rapid development of technologies and
equipment to meet the high-priority needs of the broader combating terrorism community.

5.1.2.4. Joint Architecture for Unmanned Systems (JAUS) Working Group

The JGRE initiated a standards-based approach through the adoption of JAUS. Since 1998, the
JGRE has sponsored a JAUS/AS-4 Working Group that has, through the active participation of
Government, academia, and industry, effectively created a joint standard robotics software
architecture that will soon become an industry standard. The objective in pursuing the adoption
of JAUS as the primary UGV product line enabler has been to promote efficient development
across the Military Departments and to enable DoD-wide opportunities for interoperability
(“plug and fight”), rapid technology insertion, and overall systems affordability at lower
development costs.

JAUS is the messaging architecture potentially supporting not only UGVs but also UUVs, USVs,
and some UASs. One of the JGRE’s goals has been to sponsor the transition of JAUS toward
becoming a commercial, international standard. To that end, the JGRE is partnering with the
SAE’s Aerospace Council, which chartered an Unmanned Systems Committee in 2004 that
remains active in transitioning JAUS into an aerospace standard and fostering activities to
expand the architecture’s utility to users and developers. For more details on JAUS, visit
WWW.Jauswg.org.

5.1.2.5. Joint Unmanned Aircraft Systems Material Review Board (JUAS MRB)

The JUAS MRB’s mission was to provide a UAS forum to identify or resolve requirements and
corresponding material issues regarding interoperability and commonality, to prioritize potential
solutions, to assess the focus of current and future programs, and to seek strategies common to
all military departments. Primary goals included the following:

» Facilitating the JCIDS process by coordinating with and making recommendations to the
appropriate functional capability board(s), the Joint Capability Board, and the JROC;

» Improving commonality of payloads and GCSs;
» Improving interoperability through adoption of common standards;

Y

Improving data dissemination through adoption of a common communication architecture;
and
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» Providing a corporate body of knowledge composed of subject matter experts from all
Military Departments and relevant defense agencies to facilitate the JCIDS process.

The issues the MRB was working to resolve will be continued by the new UAS Task Force.

5.1.2.6. Joint Unmanned Aircraft System Center of Excellence (JUAS COE)

The JUAS COE provides support to the joint operators and the military departments by
facilitating the development and integration of common UAS operating standards, capabilities,
concepts, technologies, doctrine, tactics, techniques, procedures, and training. The JUAS COE
leverages existing military department initiatives and activities to provide joint integrated
solutions and improved interoperability. The stated goals of the JUAS COE are to

» Increase standardization among systems,

Reduce duplication of effort,

Focus new ideas,

Address interoperability challenges, and

Develop new and/or updated doctrine, TTP, and CONOPSs.

YV V VYV V

The Joint UAS Concept of Operations was approved in March 2007.

5.1.2.7. UAS Airspace Integration JIPT

The UAS Airspace Integration JIPT was established to focus and align DoD resources toward the
timely development of standards, processes, procedures, technical solutions, and policy
recommendations to meet the near-, mid-, and long-term airspace access needs of the DoD UAS
user community. The JIPT will integrate work activities with the FAA, civil SDOs, and Military
Department-related airspace organizations such as Air Force Flight Standards Agency,
Electronic Security Command/Global Air Traffic Operations, and the Army Aeronautical
Services Agency to optimize resource allocation; influence standards, procedures, and policy
adoption schedules; and promote convergence of technical and procedural solutions to ensure
system interoperability. The JIPT will contribute to the development of the standards,
procedures, policy, and enabling technology necessary to safely integrate unmanned aircraft
operations with manned aircraft operations in nonsegregated airspace on a timeline that is in
alignment with the acquisition schedules of major DoD UAS PORs and the allocated funding for
this work. It will also facilitate near- and mid-term expansion of DoD UAS use of the NAS
through a modified COA process to meet existing operational requirements.

The focus of the JIPT is on gaining access to the NAS for DoD UASs; however, other Federal
and State public-use UASs should also benefit greatly from this effort. A strong effort will be
made to coordinate the alignment of resources and activities among internal DoD (at the Military
Department, National Guard, and OSD levels) as well as interagency (DHS and FAA) activities.
Such activities could include modeling and simulation (M&S), technology development,
acquisition, demonstrations, and flight tests.

5.1.2.8. Navy Unmanned Systems Executive Steering Group

In April 2005, the Deputy CNO of Warfare Requirements and Programs established the Navy
Unmanned Systems Executive Steering Group. A charter was developed to support CNO
Guidance for 2005 to develop an unmanned vehicle strategy to move the naval services toward

Chapter 5 Organizational Efforts
Page 29



Unmanned Systems Roadmap 2007-2032

more joint integration and to accelerate introduction of unmanned vehicles into the fleet. The
executive steering group members (OPNAV Staff) chair individual vehicle teams.

5.1.2.9. Joint Government/Industry Unmanned Systems Safety Initiatives

In 2005 and 2006, OUSD(AT&L), Systems and Software Engineering, sponsored several
Unmanned Systems Safety Workshops. The purpose was to focus and unify the technical
community on the safety needs for unmanned systems through three specific objectives:

» To understand the safety concerns, including legal issues, associated with the rapid
development and use of a diverse family of unmanned systems both within, and external to,
the DoD JGRE,

» To establish and agree upon a standardized set of safety precepts to address the safety
concerns associated with the design, operation, and programmatic oversight of all unmanned
systems, and

» To develop safety guidance, such as hazard controls and mitigators, for the design,
development, and acquisition of unmanned systems.

The last workshop, held in March 2006, resulted in the publication of the OSD Unmanned
Systems Safety Guide for DoD Acquisition (http://www.acq.osd.mil/atptt/).

5.1.3. Laboratory Activities

5.1.3.1. Air Force Research Laboratory (AFRL)

The AFRL conducts numerous projects related to unmanned systems. Mission areas relating to
UAS include persistent ISR, global strike, urban ISR and strike, hunter/killer, directed energy,
munitions, and electronic attack. Some capabilities under development include multiple UAS
flight management, UAS simulator training methods, sensor packages and target recognition,
propulsion and power, autonomous guidance and navigation, adaptive control, cooperative
control, safe airspace and airbase operations, efficient aerodynamics, affordable structures,
operator and supervisor interfaces, data links, aerial refueling, communications, networking, and
cooperative electronic attack to support battlespace access and survivability of friendly assets.
There are also a variety of materials and electronic device and component efforts addressing
reduction of cost, size, weight, and power (C-SWAP) of UAS sensor payloads. To address the
various efforts, AFRL identifies Future Long-Term Challenges (FLTC) and forms
multidirectorate Strategic Technology Teams (STTs) to pursue and capture fundamental research
areas with high potential return on investment.

In the area of UAS operator interfaces, research areas include the use of synthetic vision overlays
to augment real-world video imagery, speech-recognition control, tactile alert cues, levels-of-
automation research, intuitive operator interactions with the GIG, dynamic mission replanning
enhancements, transition aids for multi-UAV task switching, and tools to facilitate the
simultaneous inspection of multiple streams of video imagery. The overall goals of this research
are improved operator situation awareness, increased mission effectiveness, and a migration
toward human supervisory control of multiple (possibly heterogeneous) UASs, allowing the ratio
of operators/vehicles to decrease dramatically. AFRL works closely with the Air Combat
Command (ACC), Aeronautical Systems Center (ASC), and industry to define capability
requirements for the next generation of tactical UASs.
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Additionally, through its Robotics Research Group (AFRL/MLQF) at Tyndall Air Force Base,
Florida, the AFRL conducts UGV research and development through the Robotics for Agile
Combat Support (RACS) program. The primary focus of RACS is on vehicle mobility, speed,
and control, as well as multivehicle operations and marsupial control in conformance with the
evolving JAUS/SAE Committee AS-4 standard. Upon program completion, mature technologies
are to be transitioned to designated fielding project offices within the Air Force or DoD.

These efforts are further described at www.afrl.af. mil.

5.1.3.2. Office of Naval Research (ONR)/Naval Research Laboratory (NRL)

ONR and its primary organization, NRL, participate in a wide array of unmanned system
projects, spanning all domains. Past and current projects funded by ONR, pictured in Figure 5.1,
are REMUS UUV, SEAFOX USV, Coyote advanced ceramic UAS, and the RoboLobster
amphibious robot.

Figure 5.1 ONR Unmanned System Efforts

Additional information concerning ONR’s unmanned efforts can be found at www.onr.navy.mil
and www.nrl.navy.mil.

5.1.3.3. Army Research Laboratory (ARL)

ARL maintains a balanced portfolio of research activities that support the continuous
development of technology for future, more capable unmanned systems, enabled through
advancements in intelligent control, machine perception, human-machine interaction, mechanics,
and propulsion. This research crosses the boundaries of land, sea, and air and addresses a wide
variety of needs for military unmanned systems, ranging in size from larger FCS vehicles to
micro-scale soldier-carried robotic platforms.

ARL’s research activities include basic and applied research conducted by the Robotics

Collaborative Technology Alliance (CTA), a consortium of academic and industrial partners
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collaborating with ARL and focusing on perception, intelligent control architectures, and human-
robot interface (HRI) technologies (see Figure 5.2). The current program is scheduled to
conclude at the end of FY2009. It has developed and transitioned technology, notably
technology underpinning the primary autonomous mobility sensor for FCS UGVs, perception
and planning algorithms, and human-machine interface technology to the Army’s FCS and
Mobile Detection, Assessment, and Response System (MDARS) as well as to other Army and
Defense Advanced Research Projects Agency (DARPA) (and more recently Navy) science and
technology programs for UGVs, UASs, and UMSs.

Figure 5.2 Example ARL Unmanned System Efforts

Additional applied research tasks are part of the Near Autonomous Unmanned Systems (NAUS)
Army Technology Objective (ATO) and the Robotics Collaboration ATO, which are sponsored
by the Research, Development, and Engineering Command (RDECOM). The NAUS ATO is a
joint undertaking of three RDECOM organizations: ARL, Tank-Automotive Research,
Development & Engineering Center (TARDEC), and Armaments Research, Development, and
Engineering Center (ARDEC). This ATO will develop, integrate, and demonstrate risk
mitigation technologies for FCS. The ARL portion of this effort focuses on applied research to
develop advanced perception, planning and control, and HRI technology. The Robotics
Collaboration ATO is also a joint undertaking of three RDECOM organizations: TARDEC,
AMRDEC, and ARL. This ATO will develop advanced tools and technologies that reduce the
requirement for soldier control and accelerate the fielding of soldier-robot teams. ARL research
for HRI focuses on soldier-robot teaming, scalability requirements for robotic interfaces, and
adaptive automation. The advances in the technology areas pursued by the Robotics CTA and
the anticipated results from research associated with the NAUS and Robotics Collaboration
ATOs are having a direct impact on FCS and UGV development for the modular force and will
ultimately enable the FCS to achieve their objective performance goals. For example, these
programs have already successfully transitioned sensor technology as well as perception and
planning algorithms to the FCS Autonomous Navigation System (ANS) SDD program.

ARL has significant in-house efforts in sensors, communications, and networking directly related
to autonomous sensing for unmanned vehicles and unattended ground sensors. Specific areas of
research include image processing for mobility and surveillance, nonimaging sensors (acoustic,
magnetic, seismic, E-field) for threat localization, miniature radar sensors for moving target
detection, and electronic devices aimed at lowering overall system weight and power needs for
sensors and radios. Communications work includes highly efficient radios for low bandwidth,
high reliability communications near the ground, and mobile ad hoc networking protocols that
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will enable high reliability command and control of autonomous assets. All of this work is
aimed at providing key enabling technologies for energy-efficient, reliable operation.

ARL also has a growing in-house research program focused on developing the underpinning
science and enabling technologies for sensor integration, data fusion, and algorithms to improve
the command and control for a heterogeneous mix of small robots. ARL in-house basic research
for unmanned systems is greatly enhanced through CTAs. The Advanced Decision
Architectures CTA has as its principal domain HRI, specifically, human-robot team
communication and collaboration; mixed initiative system control; and displays, controls, and
mobile software agents that compensate for any negative effects of information lag induced by
bandwidth limitations. To help facilitate micro-sized unmanned systems research and
experimental efforts, ARL has also formulated the Micro Autonomous Systems and Technology
(MAST) CTA (see Figure 5.3).

Figure 5.3 ARL MAST research

ARL also conducts extramural basic research that provides underpinning science for future
unmanned system capabilities through its Army Research Office (ARO). This includes
Multidisciplinary University Research Initiative (MURI) programs such as Language for
Intelligent Machines (LIMES) and Micro Hovering Air Vehicles.

More information about the above described programs and others can be found at
www.arl.army.mil.

5.1.3.4. U.S. Army Medical Research and Materiel Command (USAMRMC) Telemedicine
and Advanced Technology Research Center (TATRC)

The Army is the executive agent for medical research, and USAMRMC is the Army’s execution
command. TATRC is the USAMRMC'’s center for medical information technologies research
and development in areas such as telemedicine, medical informatics, and robotics. Based on user
guidance and documented capability gaps from the Army’s Medical Combat Developer and in
collaboration with DARPA, ARL, RDECOM, TARDEC, National Center for Defense Robotics
(NCDR), JGRE, and Robotic Systems Joint Program Office (RSJPO), TATRC executes a
robotics program that includes Small Business Innovation Research and Small Business
Technology Transfer (SBIR/STTR), Congressionally-funded efforts, and core research projects
in robotic surgery, robotic patient intervention and treatment, and unmanned ground and air
systems for combat casualty extraction, evacuation, medical logistics, and force health
protection. See Figure 5.4, Appendix A, and Appendix B. Additional information can be found
at www.tatrc.org.
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Figure 5.4 Robotic Combat Casualty Extraction and Evacuation TAGS-CX & BEAR

5.1.3.5. Defense Advanced Research Projects Agency (DARPA)

DARPA is the central research and development organization for DoD. DARPA’s mission is to
maintain the technological superiority of the U.S. military and prevent technological surprise
from harming our national security by sponsoring revolutionary, high-payoff research that
bridges the gap between fundamental discoveries and their military use.

DARPA is working with the Army, Navy, Air Force, Marine Corps, and SOCOM toward a
vision of a strategic and tactical battlespace filled with networked manned and unmanned air,
ground, and maritime systems and the technologies they need to navigate and fight. Unmanned
systems provide autonomous and semi-autonomous capabilities that free warfighters from the
dull, dirty, and dangerous missions that might now be better executed robotically and enable
entirely new design concepts unlimited by the endurance and performance of human crews. The
use of UAVs in Afghanistan and Iraq is the first step in demonstrating the transformational
potential of such an approach.

DARPA’s efforts have been focused in two areas. First, DARPA seeks to improve individual
platforms so that they provide new or improved capabilities, such as unprecedented endurance or
survivability. Second, DARPA is expanding the level of autonomy and robustness of robotic
systems. Progress is measured in how well unmanned systems can handle increasingly complex
missions in ever more complicated environments (see Figure 5.5). Autonomy and robustness are
improved by networking manned and unmanned systems into a more tightly coupled combat
system that will improve our knowledge of the battlespace, enhance our targeting speed and
accuracy, increase survivability, and allow greater mission flexibility.
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Figure 5.5 Unmanned Vehicles — The Increasing Challenge of Autonomy

DARPA’s A160 Hummingbird program (see A.1.16) is developing an unmanned helicopter for
ISR missions with long endurance (up to 20 hours). The A160 Hummingbird concept is being
evaluated for surveillance and targeting, communications and data relay, crew recovery, resupply
of forces in the field, and special operations missions in support of Army, Navy, Marine Corps,
and other needs.

The Oblique Flying Wing program is demonstrating a transformational design concept for a new
class of efficient supersonic aircraft. The oblique flying wing concept flies supersonically with
one wing swept forward and the other swept backward. At low speeds, the wing changes to an
unswept design for better subsonic efficiency. The oblique flying wing is known to have lower
supersonic wave drag than conventionally designed symmetrically swept wings. In addition,
when flying at low speeds, the unswept wing design has higher efficiency than swept wing
designs. This combination of performance attributes will enable improved range, response time,
fuel efficiency, and endurance for supersonic strike, ISR, and transport missions. The goal of
the program is to prove out the stability and control technologies required to enable the oblique
wing concept by flying an unmanned X-plane that will demonstrate an asymmetric, variable-
sweep, tailless, supersonic flying wing.

The micro air vehicle (MAV) ACTD (see A.1.30) developed a backpackable, fully autonomous,
vertically launched-and-landed ducted fan UAV capable of providing electro-optical or infrared
hover-and-stare support to the dismounted soldier. The MAYV air vehicle is small (less than
14-inch duct outer diameter), flies autonomously, has an endurance of 55 minutes at sea level,
and can operate at altitudes over 10,000 feet. These capabilities make it ideal for operations in
the complex/urban terrain and extreme conditions typical of restricted military environments.
Now part of the Army’s FCS program, the MAV ACTD program demonstrated important
military capabilities through experimentation and flight tests.

The Unmanned Ground Combat Vehicle/PerceptOR Integration (UPI) program is increasing the
capabilities of unmanned ground vehicles (UGVs) to navigate in mission-relevant, cross-country
environments. The program uses two highly mobile 6.5 ton, 6x6 wheeled, skid-steered, hybrid
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electric Crusher UGVs (see B.21). Crusher is integrated with a state-of—the-art perception and
sensor system. The UPI program is demonstrating how these platforms can perform reliably and
autonomously in obstacle-rich terrain and is also developing tools to allow the vehicles to plan
their path using terrain data.

The DARPA Grand Challenge 2005, held in October 2005, accelerated the development of
autonomous ground vehicles to replace manned military vehicles in dangerous missions. It
demonstrated that autonomous ground vehicles can travel significant distances, such as from one
city to the next, at militarily relevant speeds. The 132-mile Grand Challenge course consisted of
rugged desert roads typical of the terrain found in operational environments, and vehicles could
use only onboard sensors and navigation equipment to find and follow the route and avoid
obstacles. Five teams completed the course, and four finished under the required 10-hour time
limit, with Stanford University’s “Stanley” the winner at 6 hours, 53 minutes (see Figure 5.6).
One team’s vehicle remained in autonomous mode overnight on the desert route and completed
the route the next day without any human intervention other than to give the vehicle permission
to move.

Figure 5.6 The Winner of DARPA Grand Challenge 2005:
Stanford University’s “Stanley”

The next step is the Urban Challenge, which is designed to accelerate the development of
autonomous ground vehicles capable of operating safely in traffic. The final event in November
2007 will demonstrate whether autonomous vehicles can travel 60 miles in under 6 hours
through urban traffic.

5.1.3.6. Marine Corps Warfighting Laboratory (MCWL)

The MCWL, originally known as the Commandant’s Warfighting Laboratory, was established in
1995. It is located at Quantico, Virginia, and is part of the Marine Corps Combat Development
Command. The MCWL’s purpose is to improve current and future naval expeditionary warfare
capabilities across the spectrum of conflict for current and future operating forces. More
information can be found at www.mcwl.quantico.usmc.mil.

5.1.3.7. National Center for Defense Robotics (NCDR)

In FY2003, Congress funded the establishment of the NCDR, which supports joint robotics
program (JRP) development. The NCDR is a resource organization that partners with several
DoD robotics organizations. Its mission is to devise, fund, and manage projects that enable the
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development, evolution, adaptation, and integration of certain agile robotics-related technologies
and solutions into defense-related unmanned systems, vehicles, devices, and other applications.
The NCDR seeks to forge dynamic alliances, partnerships, and other collaborative relationships
among universities, Government organizations, small agile robotic technology companies, and
defense contractors.

5.2. Department of Homeland Security (DHS)

DHS and DoD’s Northern Command share responsibility for defending the United States against
terrorist attacks. In addition, DHS has a number of law enforcement functions not shared with
Northern Command. DHS identified unmanned aircraft as a high-interest enabler for its
homeland security and law enforcement functions within months of its formation in November
2002. In May 2003, the Secretary of Homeland Security directed that a demonstration for
evaluating UAS utility in border surveillance be conducted, and as a result, Operation Safeguard
was started that fall. DHS’s Directorate for Science and Technology established an internal UAS
working group in 2003 to explore roles and define requirements that UASs could potentially
support throughout DHS. Tts first study'> addressed the potential applicability of UASs to border
security, Coast Guard missions, critical infrastructure security, and monitoring transportation of
hazardous materials.

Subsequently, the internal UAS working group examined the cost effectiveness of various sizes
of UASs compared to the effectiveness of manned aircraft and ground sensor networks in
selected DHS environments. In performing this analysis, 45 functional capabilities that DHS is
required to perform were examined in the nine environments in which DHS operates; UASs were
assessed to be potential contributors in ten of the 45 capabilities (see Table 5.1).

Table 5.1 DHS Capability Requirements Applicable to UASs

Functional Capability

Functional Area for Unmanned Aircraft

Surveillance and Monitoring Visual Monitoring

Nonvisual Monitoring

Suspect/Item Geolocation

Communications Interception

Communications and Information Management |Tactical Situational Awareness

Apprehension/Detection/Seizure/Removal Pursuit Management and Prevention
Targeting and Intelligence Intelligence Support to Command
Deterrence Visible Security Systems

Specialized Enforcement Operations

Officer Safety Use of Safety and Emergency Equipment

The U.S. Border Patrol (USBP), an agency organic to US Customs and Border Protection (CBP)
since March 2003, had been gaining experience with UASs since the 1990s through cooperative
use of Navy and Marine Corps Pioneers and Army Hunters during their units’ deployments in

support of Joint Task Force 6. These 2-week deployments occurred one or more times annually

' “Unmanned Aerial Vehicle Applications to Homeland Security Missions,” March 2004.
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to provide added night surveillance capability along the U.S. southern and northern borders.
USBP officers were integrated into these operations, with an officer sitting in the UAS GCS
during missions and directing fellow agents to activities found by the UAS sensors. In April
1999, USBP sponsored an evaluation of four types of unmanned aircraft (fixed-wing, helicopter,
hand-launched, and powered parafoil) near Laredo, Texas. The results of the 36 sorties flown
convinced the USBP that small UASs did not fully meet their needs, although cooperation with
the Pioneer deployments continued. Use of a medium-altitude endurance UAS (Hermes 450)
during the 2004 Arizona Border Control Initiative (ABCI) proved more successful and led to
follow-on use of a similar UAS (Hunter) to patrol the southern border at night.

In addition to Operation Safeguard, DHS organizations have conducted a number of other
demonstrations using UASs in different roles and environments (see Table 5.2) and building on
previous experiences with UASs learned by DHS’ legacy organizations over the past decade.
Collectively, these demonstrations have served to educate DHS on the strengths and limitations
of unmanned aviation and support its decision to focus efforts on a medium- or high-altitude
endurance UAS capable of supporting multiple DHS organizations across a variety of
applications and environments. For this role, it selected the General Atomics Predator B in
August 2005.

Table 5.2 DHS-Sponsored Unmanned Aircraft Demonstrations

Unmanned Sponsor Sorties | Hours
Demonstration Location Aircraft P Dates
U (Support) Flown Flown
sed
Operation Safeguard| Gila Bend, Predator B ICE Oct—Nov 03 15 106
AZ (Air Force)
Alaska Demo 1 King Salmon, Predator USCG Nov 03 5 35
AK (Navy)
Alaska Demo 2 King Salmon, Altair USCG Aug 04 3 36
AK (NASA)
Wallops Island, | Aerosonde USCG Nov-Dec 04
VA (NASA)
ABCI Sierra Vista, Hermes 450 CBP Jun—Sep 04 65 590.1
AZ (Navy)
ABCI Follow-on Sierra Vista, Hunter CBP Nov 04— 41 329.1
AZ (Army) Jan 05
Coastal Areas Borinquen, PR | Aerosonde USCG Feb 05

5.2.1. Customs and Border Protection (CBP)

CBP took delivery of its first Predator B in September 2005 and began conducting border
surveillance flights with it from Ft Huachuca, Arizona, the following month. Although these
aircraft are currently flown and maintained by contractor personnel and remain within line-of-
sight (LOS) of their GCS, CBP intends to transition the piloting function to Air and Marine
Operations (AMO) law enforcement pilots and enable beyond-line-of-sight (BLOS) missions by
adding Ku-band satellite communications (SATCOM) links. With that capability, en route
control for up to 12 simultaneous UAS orbits, CBP Air and Marine will centralize strategic
command and control from the CBP AMO Center at March Air Reserve Base in Riverside,
California.
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CBP Air and Marine will determine the total number of UAS required to secure the borders
through mission experience in their mission areas of responsibility, including the Southwest,
Northern, Southeast, Coastal, and transit zone environments. CBP has successfully proven that
UASs augment manned law enforcement aircraft and ground interdiction agents along the
Southwest Border, but still needs to evaluate missions in other areas of responsibility. Within
each geographic region, CBP Air and Marine envisions three tactical launch and recovery (L&R)
centers with strategic Ku-band satellite command and control provided by the CBP AMO Center.
Each UAS center supports a geographic region in a “hub and spoke” concept. CBP Air and
Marine will assign sufficient aircraft to provide persistent and systematic border surveillance
with the CBP AMO Center having constant coverage.

Immigration and Customs Enforcement (ICE) sponsored Operation Safeguard in 2003 in
response to the Secretary of Homeland Security’s May 2003 direction to evaluate UASs for DHS
applications. During the 14 days of the operation, an Air Force MQ-9 Predator B flew 15
missions from Gila Bend, Arizona, and contributed to the capture of 22 illegal aliens, 3 vehicles,
and 2300 pounds of marijuana. This record provided DHS with its initial experience with a
medium-altitude (17,000 feet) endurance unmanned aircraft, and Predator B proved to be a
complementary adjunct to AMQO’s helicopters in detecting and apprehending criminals along the
southern border. AMO transferred from ICE to CBP in October 2004.

5.2.2. U.S. Coast Guard (USCG)

USCG acquisition plans for UASs were in place prior to the formation of DHS as part of its
Deepwater recapitalization program. Deepwater calls for acquiring a ship-based vertical takeoff
and landing (VTOL) UAV (VUAV) for its new National Security Cutters and leasing up to
seven land-based Global Hawks in 2016. The USCG began conducting a series of experiments
in 1999 that have involved small (30-pound Aerosonde) to large (7000-pound Altair) UASs
operating from vessels and from land (see Table 5.2). These experiments have been helpful in
defining concepts of operation for employing future UASs and their sensors in roles varying
from port security to open ocean fisheries protection and in environments from the Caribbean to
Alaska.

5.3. Department of Transportation

5.3.1. Federal Aviation Administration (FAA)

The FAA established a dedicated Unmanned Aircraft Program Office (AIR-160) in December
2005 to serve as the organization’s focal point for unmanned aviation policies and standards.
Together with FAA’s Air Traffic Organization, they evaluate and issue Certificates of
Authorization (COAs) for flights by public (i.e., Government-operated) UASs. COAs allow a
specific UAS to fly specific profiles in certain areas at certain times for up to a year. DoD uses
COAs primarily when it needs to fly its UASs outside of special use airspace, such as during
deployments or production deliveries. The FAA issued 54 COAs in 2005, over 100 in 2006, and
expects to issue over 400 in 2010. For civil UAS flights, AIR-160 evaluates the airworthiness of
the system and issues special airworthiness certificates (SACs) in the experimental category for
the systems deemed adequately safe. This certificate process is also available for public UASs.
Since issuing its first UAS SAC in 2005, the FAA has awarded a total of five SACs to three
companies and anticipates issuing over 40 in 2010. To better map out its approach to integrating
unmanned aviation into the NAS, AIR-160, with Lockheed Martin, is currently developing an
unmanned aviation roadmap, which it expects to release in September 2007 at www.faa.gov/uas.
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5.4. Department of the Interior

5.4.1. U.S. Geological Survey (USGS)

The USGS use of UASs made studying the eruption of Mount St. Helen’s easier than before.
USGS geologists and officials from the U.S. Forest Service deployed the vehicles because they
can operate above the extreme heat and toxic collection of gases and solids. Now, scientists are
hoping the UASs can help them in other areas, including wildfire mapping and other resource
management applications such as invasive species mapping.

5.4.2. Minerals Management Service

The Minerals Management Service conducted a joint industry project with the Navy to develop
the technology for navigation, data sensing, storage, and telemetry for a free-swimming robot
submersible programmed to inspect underwater pipelines and structures.

Two existing testbed vehicles were used to study the feasibility of unmanned, untethered robots
for underwater inspection missions. The University of New Hampshire testbed, EAVE-East,
evaluated acoustic navigation and communications. The robot is an open-frame, clump-shaped
vehicle able to maneuver in three dimensions. It has undergone in-water testing around and
through a simulated offshore structure. The Naval Ocean Systems Center testbed, EAVE-West,
is torpedo-shaped for high running speeds, such as pipeline following. It navigates by
magnetometers and communicates using fiber optics telemetry. These testbeds can perform
basic underwater tasks. Because of independent interest in EAVE-West technology, the Center
has fabricated and assembled a similar testbed system in an enclosed hydro-dynamically fared
vehicle.

5.5. Department of Commerce

5.5.1. National Oceanographic and Atmosphere Administration (NOAA)

NOAA has used unmanned, or autonomous, underwater vehicles for some time and is also
interested in routinely using UASs to explore and gather data in the atmosphere in the region
between where satellite and ground-based observing systems operate. UAS-acquired data will
supplement data gathered by current “suborbital” airborne platforms (aircraft, sounding rockets,
airships, and balloons) and complement existing surface-based and space-based observing
systems.

Carrying a scientific payload developed by NOAA, NASA’s Altair UAS (from Dryden Flight
Research Center in California) flew five demonstration missions over the Santa Barbara Channel
between April and November 2005 (see Figure 5.7). These demonstration flights marked the
first time NOAA had funded an UAS mission aimed at filling critical research and operational
data gaps in several areas, including climate, weather and water, ecosystem monitoring and
management, and coastal mapping. NOAA collaborated with NASA and industry to develop the
mission.
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Figure 5.7 Artist Depiction of NOAA/Altair UAS
Over the Channel Islands National Marine Sanctuary

A primary goal of this first demonstration was to evaluate UASs for future scientific and
operational requirements related to NOAA’s oceanic and atmospheric research, climate research,
marine sanctuary mapping and enforcement, nautical charting, and fisheries assessment and
enforcement. Altair can carry an internal 660-pound payload to 52,000 feet and fly for over

30 hours. It further demonstrated the capability to safely integrate into the NAS down to
altitudes of 7000 feet. Its endurance, reliability, and payload capacity could provide the
capability to improve mapping, charting, and other vital environmental forecasting in remote
areas, such as the Northwest Hawaiian Islands and Alaska. In California, the aircraft’s
capabilities could improve forecasts and warnings of natural disasters, such as winter flash floods
and related fatal mudslides. The payload included the following sensors:

» Ocean color sensor to facilitate fisheries management through better assessment of
ecosystem health, including improved forecasting and warnings of harmful algal blooms.

» Ozone sensor to help determine ultraviolet vulnerability.

» Gas chromatograph to help scientists estimate greenhouse gases potentially associated with
climate change and global warming.

» Passive microwave vertical sounder to help determine when flash flood warnings must be
issued.

» Digital camera system to facilitate shoreline mapping, habitat mapping, and ecosystem
monitoring, including spill and aquatic disease tracking and assessing land-based discharges
and marine mammal distribution and abundance.

» Electro-optical/infrared (EO/IR) sensor to provide nonintrusive maritime surveillance for

fishery and marine sanctuary enforcement. Current aerial surveillance has a short survey
range and is noisy, dangerous, infrequent, and costly.

5.6. National Aeronautics and Space Administration (NASA)

NASA has a long history of sustained development of unmanned flight capabilities, as
exemplified over the past decade by its Environmental Research Aircraft and Sensor Technology
(ERAST) and Access 5 programs. ERAST evaluated a va