CLEARED

FOR OPEN PUBLY
MAR 03 2003 4

DIRECTORATE FOR FREEDUM OF INFORMATION o
TY REVIEW 0350 i/

Office of the
Secretary of Defense

DISTRIBUTION STATEMENT A:
Approved for Public Release -
Distribution Unlimited

UNMANNED
AERITAL
VEHICILES
ROADWV /LT

December 2002 2007 - 7077
2003 065 4T




This document was developed by the Office of the Secretary of Defense
(Acquisition, Technology, & Logistics), Air Warfare.
Suggested changes, corrections, or updates should be forwarded to:
Dyke.Weatherington@osd.mil

20030612 149




OFFICE OF THE SECRETARY OF DEFENSE

WASHINGTON, DC 20301

11 MAR 2003

MEMORANDUM FOR SECRETARIES OF THE MILITARY DEPARTMENTS
CHAIRMAN OF THE JOINT CHIEFS OF STAFF
CHIEF OF STAFF OF THE AIR FORCE
CHIEF OF STAFF OF THE ARMY
COMMANDANT OF THE MARINE CORPS
CHIEF OF NAVAL OPERATIONS
DEFENSE ADVANCED RESEARCH PROJECTS AGENCY

SUBJECT: Unmanned Aerial Vehicles (UAV) Roadmap

The Department’s new UAV Roadmap provides a Defense-wide vision for UAVs
and related technologies, ushering in a new era of capabilities and options for our military
and civilian leaders.

Unlike the previous UAV Roadmap, this document is directive in nature,
describing 49 goals for a range of topics that includes platforms, sensors,
communications, technology, small UAVs, interoperability standards, airspace, the
intelligence collection process, weapons, and reliability. From these goals, we derived a
“Top-107 list that represents the key items for rapid unmanned capability advancement.
The executive summary of the Roadmap lays out these “Top-10” goals and identifies
Service and Agency leads along with target dates for completion.

The Department will promote a common vision for future UAV-related efforts by
making this Roadmap widely available to industry and our Allies, and by updating it as
emerging transformational concepts, such as network-centricity, are better understood.
The Department is committed to transform our military into more agile, lethal, and
efficient forces, capable of meeting the diverse security needs of our nation and our
partners. UAVs have a central role in this transformation.

TS G Pl

E.C. Aldridge, Jr. John P. Stenbit ‘
Under Secretary of Defense (AT&L) Assistant Secretary of Defense (C31)
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Executive Summary

This document presents the Department of Defense’s (DoD) Roadmap for
developing and employing Unmanned Aerial Vehicles (UAVs) and Unmanned Combat
Air Vehicles (UCAVs) over the next 25 years (2002 to 2027). DoD’s operational UAV
systems include Predator, Hunter, Shadow, and Pioneer which have demonstrated
tremendous capability in recent military operations. Developmental systems such as
Global Hawk and many small UAV systems have also been put to the test in recent
combat and combat support operations. Taken as a whole, this technology area offers
profound opportunities to transform the manner in which this country conducts a wide
array of military and military support operations. As with any new technology, there is
naturally some reluctance to transition to a radically new capability. The need to fully
demonstrate UAVs in combat and realistic training environments is critical to the
migration of this technology.

The overarching goal of this roadmap, in concert with the Defense Planning
Guidance (DPG), is to define clear direction to the Services and Departments for a
logical, systematic migration of mission capabilities to a new class of military tools. The
goal is to address the most urgent mission needs that are supported both technologically
and operationally by various UAV systems. Some missions can be supported by the
current state of the art in unmanned technology where the capabilities of current or near-
term DoD assets are sufficient and the risk to DoD members is relative low. Other
mission areas, however, are in desperate need of additional capability and present high
risk to aircraft crews. These mission areas, highlighted in this roadmap, will receive
significant near-term effort by the Department.

This Roadmap describes the Services’ ongoing UAV efforts (Section 2) and
identifies the capabilities needed by theater commanders to which UAVs could be
applied (Section 3), then couples them to emerging technologies (Section 4) and
operational concepts (Section 5) that could enable these capabilities within the Services’
programs. The resulting Roadmap (Section 6) links capability-enhancing technologies to
the life cycles of current and projected UAV programs. It is a map of opportunities, not
point designs - a description of the future potential of UAVs.

This Roadmap also provides a current snapshot of the status of the Department’s
numerous unmanned aviation efforts. Having accurate “ground truth” on DoD’s various
UAV programs and research efforts does not solve problems, but it does allow the
Department to place emphasis in appropriate areas. One such area is standards, the
framework of common requirements necessary to ensure forward/backward compatibility
within systems and interoperability among them. The Office of the Secretary of Defense
(OSD), as part of its oversight responsibilities for Defense-wide acquisition and
technology, intends this Roadmap to be directive in such cross-program areas as
standards development and other interoperability solutions.

The U.S. military has a long and continuous history of involvement with UAVs,
stretching back to 1917. UAVs had active roles in the Vietnam, Persian Gulf, and
Balkans conflicts, as well as Afghan operations, providing critical reconnaissance in
each. With recent technology improvements allowing more capability per pound, today’s
UAVs are more sophisticated and capable than ever. As the military’s operational tempo
has increased, so too has the employment of UAVs, to include performing a wider variety

iii




UAV Roadmap 2002

of missions than just reconnaissance. During the 1990s, DoD invested over $3 billion in
UAYV development, procurement, and operations; since 2000, it has invested another $1
billion and will likely invest over $10 billion by 2010. Today, the DoD has in excess of
90 UAVs in the field; by 2010, this inventory is programmed to quadruple.

Ten years hence (2012), DoD will probably be operating F-16-size UAVs capable
of supporting a variety of combat and combat support missions, including Suppression of
Enemy Air Defenses (SEAD), Electronic Attack (EA), and possibly deep strike
interdiction. It is also likely that vertical takeoff UAVs (rotary wing) capable of
extremely long endurance (18-24 hours) will be in demonstration and limited production.
Twenty-five years from now (2027), UAVs may exist with morphing airframes, able to
optimize their shape for various missions and flight conditions with stretching skins and
shape memory alloys permitting aerodynamic maneuvers impossible for manned aircraft.
Control stations could evolve from a crew inside a multi-ton van to an individual wearing
a suit tied into his own neuro-muscular system, seeing what the UAV’s sensors see
through a head-mounted visor.

The advantages offered by UAVs to the military commander are numerous, most
notably in mission areas commonly categorized as “the dull, the dirty, and the
dangerous.” In an era of decreasing force structure, UAVs are force multipliers that can
increase unit effectiveness. For example, due to its vantage point, one unmanned sentry
equipped with automated cuing algorithms and multiple sensors could survey the same
area as ten (or more) human sentries (“the dull”). UAVs could reconnoiter areas
contaminated with radiological, chemical or biological agents without risk to human life
(“the dirty”). Unmanned Combat Air Vehicles (UCAVs) could perform the high-risk
suppression of enemy air defenses (SEAD) missions currently flown by manned EA-6s or
F-16s (“the dangerous”) with less need for supporting aircraft. In such a role, UAVs
would be potent force multipliers, releasing manned aircraft for other roles.

The Office of the Secretary of Defense has identified 49 goals for unmanned
aviation in this Roadmap that support the Department’s larger goals of fielding
transformational capabilities, establishing joint standards, and controlling costs. Ten of
these 49 goals (shown below) have priority and have been assigned an Office of Primary
Responsibility (OPR) to oversee their accomplishment and a due date. These goals are
consistent with the current DPG and will be further refined in the upcoming cycle. In
some cases, goals addressed in this document have been directly cited in the DPG, such
as the direction for development and demonstration of Unmanned Combat Air Vehicles.
In many other cases, the goals to follow are at a detail level below that appropriate to the
DPG. The DPG will always take precedence, however this document will be used to
provide additional definition and direction for UAV and UCAV technology areas. These
goals should be considered directive, and OSD, in conjunction with the Services and
Defense Agencies will strive to develop, demonstrate, and operationally assess these
capabilities in the timeframes indicated. Progress reports on each goal will be submitted
by the respective OPRs during the first quarter of each fiscal year.

1. Develop and operationally assess for potential fielding a UCAV capable of
performing several missions including SEAD/Strike/Electronic Attack; emphasize
early fielding of an EA capability with growth to other missions. OPR: UCAV Joint
Program Office (DARPA, USN, USAF). Due: FY10.
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2. Develop and demonstrate a tactical UAV-class aviation heavy fuel engine suitable
for use in UAVs such as Shadow, Pioneer and A-160. Growth potential to larger
UAVs in the Predator class including Extended Range Multi-Purpose and LEWK,

and options for the small UAV class are also required. OPR: DARPA, USA,
USN/USMC. Due: FY05/07.

3. OSD, Joint Staff, and the Services develop capability and/or capability-
performance metrics (such as those in Section 4.1) to evaluate UAV program costs.
Program managers should provide Joint Staff and OSD written justification at
Milestone B and C reviews when these metrics are exceeded, and provide
appropriate management organizations with options for reducing costs to align
them with these metrics when this occurs. OPR: OSD. Due: FY03.

4. Demonstrate High Definition Television (HDTV) capability with real-time
precision targeting capability on a UAV. OPR: NIMA, USN, USAF. Due: FY05.

5. Migrate all tactical (Shadow 200) and above UAVs to Common Data Link (CDL)-
compatible formats for line-of-sight (LOS) and beyond-line-of-sight (BLOS)
communication. OPR: USAF, USN, USA. Due: FY06.

6. Investigate low Reynolds Number aerodynamics with a focus on improving
digital flight control systems optimized for small UAVs (i.e., those having Reynolds
numbers less than 1 million). OPR: OSD; USA, USN, USAF. Due: FY06.

7. Define a standard UAV interface providing critical situational awareness data

and precise location data supporting airspace integration. OPR: OSD, USJFCOM.
Due: FY04.

8. Coordinate revising FAA Order 7610.4 to replace the requirement for using the
Certificate Of Authorization (COA) process for all UAVs with one for using the
DD175 form for qualifying UAVs. OPR: USAF. Due: FY04.

9. Define security measures required for positive control of weapons employment on
weaponized UAVs. OPR: USAF. Due: FY08.

10. Decrease the annual mishap rate of larger model UAV:s to less than 20 per

100,000 flight hours by FY09 and less than 15 per 100,000 flight hours by FY15.
OPR: USAF, USN, USA. Due: FY09/15.




—

UAV Roadmap 2002

Table of Contents
Executive Summary ili
List of Figures xi
List of Tables xiii
1.0 Introduction 1
LT PURPOSE ..ottt ettt sas s st aes s ease e essenenns s eean 1
1.2 APPROACH .....o.ceeeiciciei st sttt ses s sassss et sassssssssssssseseeeseneseeesesnen 1
L3 SCOPE ...ttt ettt st et s s e e e eaen 2
1.4 DEFINITIONS ......oovuimemuecmeirisessise st e sesae s ses b s sessessesessecacseneneeneseecsnensenens 2
1.5 PROGRESS SINCE PREVIOUS ROADMARP............oovimeeieieeeeetesseeeseesessses e esssseesssnes 2
2.0 Current UAV Programs 5
2.1 OPERATIONAL UAV SYSTEMS......cuvuerremrireresessssssssssssseessesssssssssesssssesssssssessesenessene 6
2. L1 MO-1 Predator...........coeceecoeeeeeeeeeeeeeeeoes oo 6
2.1.2 RO-2 PIONEEF .......cooneeeeeeeeeeerirseee e s s s s s s e s s s s s res 6
2. 1.3 RO-5HURLEK ...t ee s s e seneee e 7
2. 1.4 RQ-7 SHAAOW 2000 ...t ereeeseeees 7
2.2 DEVELOPMENTAL UAYV SYSTEMS ....c.cuevruruereeeresssessesesessssesssesssesesssssssecsssssessssnsenes 8
2.2.1 RO-4 GIOBAI HAWK ... eesr e 8
2.2.2 Broad Area Maritime SUrVeillance...................c...coeeeeeeeeeeereeeeeeeeeeeererereeeseens 8
2.2.3 RO-BFIFE SCOUL ... eenenneesensasens 9
2.2.4 MQO-9 Predator B.............c.coueueeeeeeeeeeeveeeeeereeeeesseseses s s ess s enenne 9
2.2.5DFAGONEYe......ooooooiieeeeereeee ettt r s 10
2.2.6 Force Protection Aerial Surveillance System (FPASS) .....co.oovevveeeeeereeeeeeeeen. 10
2.2.7 NEDIUNE ...t en st n e enaseeenesneeasaens 11
2.2.8 Air FOYCe UCAY (X-45) ceouereeeeeereteeeeeeeeeese e eeves e eeeeeeeeeesenesesanenen 11
2.2.9 UCAV-NAVY (X-A6/XAT) coretererrereeeeeeeeeeeersrseeeeeeeeeese e eesesessesesnens e 12
22TOUCAR ...t s e e eee s reanens 13
2.2.11 DFQAGON WAFFIOF ...t ea e es e essenenees e eesnens 13
2.2.12 Program SUMMATIES ...............coceeeeeeerereeeeerersreseeeesesasee s sseesesse e s sseseeeees 14
2.3 OTHER UAV SYSTEMS ......ceueurimrumurenurmriesesssesesssssssssssssssssssssssssssssssessssssesssossessses 14
2.3.1 ReSidual UAV SYSIEMS .......ccoveureeeeerereierirrieeeeeesese s sessseessesssss s sssssssssonees 14
2.3.2 Concept Exploration UAV SYSEEMS.............cccemrreeereeissesisisessesesssosseeeeenes 15
2.3.3 DARPA UAV PPOQFAMS ....coveveeenrrrrierneeeeeeeerersesesseesasesssssessssss s s sesseens 18
24 UAV FINANCIAL DATA ...couiititeiciceeceses et eeseeeeseses e esesssses e e esssesesesene 19
2.5 UAV PROLIFERATION......ccevruerererrerereressesessssesssessssesesnesssnses e 21
2.5.1 Foreign UAV Development..................coueeevereeeeeseeeeseeeeeesesersssseseosessssesnes 21
2.5.2 EXPOFE POLICY ....coevreeeveeerereeeeetetev s easeeeesee e s e es e e s ees s sas s s 22
3.0 Requirements , 25
3.1 HISTORICALLY VALIDATED UAV ROLES ......oovevieeeeiececeeeseeeeessi s eesssssesesessnsnes 25
3.2 COMBATANT COMMANDER REQUIREMENTS FOR UAVS........coovuueeereeeeeeererreeerennens 25
3.3 JROC-VALIDATED REQUIREMENTS FOR UAVS.......coooocovererreieaeeesesenesesessssssesssssenns 27
4.0 Technologies 29
4.1 PLATFORMS ....vuvuiuinencreisiseisessinse s st see s sesesses s sestassssssssesenssssssenssessesnacnnen . 29
411 PPOPUISION. ...ttt s aneneneeeanne 29
4. 1.2 SUPVIVADITILY ..ottt st eee s e e 31

Preceding Page Blank vil




UAV Roadmap 2002

G 1.3 COSE CORIFOL. e e e 32

A2 PAYLOADS ...ttt ettt s es e st s eeseeesessseas s s seseseseseseseseseseseneneseeas 34
G.2.1 SEHSOFS ..ot ee e n s s e s e se e s s et e e e e s sr et oo 34
4.2.2 CommunicQtion RelQy................c.ceeueeeeueeneeereeereeesseveeeesesresesseseseessseses e 38

4. 2.3 WEAPONS ... ceeesae s et s s sn e see s eseeseen 38

G. 2.4 COSE CORIFOL...eeeeeeeee e eeer e e er e e es e e s 39

4.3 COMMUNICATION ....vovvereriernssiseeeseseseesessesesssessssssessssesessesesesssesesssessssesessssssssssssses 39
4.4 PROCESSORS ....oovviaieeeiteteee e eeseses e eseesssssessssesesesessssssessesessssses e sessss e e s sese e 41
5.0 Operations 45
5.1 OPERATIONAL CONCEPTS DEVELOPMENT .....cuuoeevaeeeereersererersssssssssesessssssssesssssees 45

S LT AFTY oottt ettt e et 45
3.1.2 Navy and Maring COTDS .........occcvueeeeeeeeeeseereseeresisesesseesesees e e seseeeeseeenenas 46
L3 AT FOFCO. ... e et et es e et et eae e 47

S LA JOIMMYOIREE ... eeeeees e s s er e e eeesee e 47

S.2 RELIABILITY ..cevuttetnteiererereseeesesesese s tenesesesesacseaesesssesnsesssssssesssassssssssssssasssssssssssssns 48
5.3 OPERATIONS AND SUPPORT .......ooveuveeerereeereeessseeneessseasessesesesssessssessssssssssssssssssssssas 52
5.4 COOPERATIVE UAV FLIGHT .......coiuireeimeieieiteeceeeeeeeeeeeesseseeessssesssssssssssessssssssesssssns 53
5.5 TACTICAL CONTROL SYSTEM (TCS)...ouvevrrrrererreeereceseiesseesnesessesseessensessesesesseseenns 54
6.0 Roadmap 55
6.1 UAV CAPABILITIES ROADMARP...........coorveteeeereeeeeeeee s iaeesesesesesesesssesesesesssesesesssens 55
6.2 UAV MISSIONS ROADMAP .......ooomoeeeeeereieeeeeeeeseseseseseseessesesssssesssese et eseeeeesen 56
6.3 COMPARATIVE COSTS OF MANNED VS. UNMANNED AIRCRAFT.....ovevveevereeeerenennenns 58
6.3.1 DEVEIOPIERE COSIS........ovveeeeeeeeeeeeeeeeer et eeeeeeeeeeeeeeen e e e s s e e eenerenn 58
6.3.2 PrOCUFEIERE COSES........c.oeooeeeeeeeeeeeeeeeeereeeeserereseeeseseeseseseeeesees e eesseee oo 59
6.3.3 Operations & SUPPOFt COSIS .............o.oveveeueeeeeeeeeeeeeeeeeeeeeeeesee e es e eeseseens 59

6.4 GOALS FOR UNMANNED AVIATION. .........eceueueeeeeeemeeeeessesesessesessssssssssssssssresssssons 61
6.4.1 PlAtfOrT GOQIS......ccoveerereeieeeeeeeeeeeeeee et er e ess e see e 61
6.4.2 SERSOF GOQIS ... er e eeeees e 61
6.4.3 COMMURICALION GOQIS .........ocooeeeeeeeeeeeeeeeeeeeeeeserere e oo s s 62
6.4.4 TeCANIOIOZY GOIS ... s ees e seenee 62
0.4.5 STQI UAV GOQIS ..o eeereeeeeeee e e e e 62
6.4.6 S1ANAATAS GOQIS...........coveeveeoveeeeeeeeeeeeeeeeeeeeeeeeee e s e e rer e e e e e e eeeresans 62

| 6.4.7 AT¥SPACE GOQS.........cooeeeeeerieeeeeeee et eeeeeeeaeneneeen 63
E 6.4.8 Task/Process/POSt/USE GOQIS ..........ooveveoeeeeeereeeseeeeeeeeee oo oo 63
6.4.9 Weaponization GOAIS ................ceeeeeeeeeeereesseeeeereeesresesess s e 63

6.5 FUTURE DIRECTIONS......ccuiititieueeeeceeeeeeeeeeseeeseeeseemssessesessessssesssssssessssssssssssssesssssssssons 64

6.4.10 REiGDBITitY GOGLS ....vvvvooeeeeeeeoeeeeeeeoeeeeoeoeeoeeeoeeeeeoeoeeeeeoeoeeeoeoeooeos 64
|
|




UAV Roadmap 2002

Appendix A: Platforms 67
Appendix B: Sensors 87
Appendix C: Communication 99
Appendix D: Technology Migration 111
Appendix E: Small UAVs 127
Appendix F: Standards 135
Appendix G: Airspace 153
Appendix H: Task, Post, Process, and Use Considerations 165
Appendix I: Weapons 175
Appendix J: Reliability 185




UAV Roadmap 2002

List of Figures

FIGURE 2.0-1: TIMELINE OF CURRENT AND PLANNED DOD UAV SYSTEMS. ooooooossonn 5
FIGURE 2.2-1: LOCATIONS OF U.S. MILITARY UAVS. ..o 14
FIGURE 2.4-1: DOD ANNUAL FUNDING PROFILE FOR UAVS. ... oo 20
FIGURE 2.6-1: UAV MANUFACTURING COUNTRIES. ....o.vovereeee s sere oo 21
FIGURE 3.2-1: IPL PRIORITIES LINKED TO UAV MISSIONS. ..o 26
FIGURE 4.1-1: SPECIFIC FUEL CONSUMPTION TRENDS. «...eooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn 29
FIGURE 4.1-2: MASS SPECIFIC POWER TRENDS. ... eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemn 30
FIGURE 4.1-3: PROPULSION/POWER TECHNOLOGY FORECAST. e oo 30
FIGURE 4.1-4: UAV CAPABILITY METRIC: WEIGHT V. COST.uummeeeeeeeeseeeooooeoeoeoeooos 33
FIGURE 4.1-5: UAV PERFORMANCE METRIC: ENDURANCE V. COST. vvrvoveoveeereeerrere, 33
FIGURE 4.2-1: UAV PAYLOAD WEIGHT VS. ENDURANCE. w..ovoeveeeeeeeeeeeeeeeoeeeooeoeoeon 34
FIGURE 4.2-2: STILL IMAGERY SENSOR TECHNOLOGY FORECAST. ..o 35
FIGURE 4.2-3: MOTION/VIDEO IMAGERY SENSOR TECHNOLOGY FORECAST. ..o 33
FIGURE 4.2-4: RADAR IMAGER SENSOR TECHNOLOGY FORECAST. ..o 36
FIGURE 4.2-5: SIGINT SENSOR TECHNOLOGY. FORECAST. wvuveveveveeeeeeeeseeeeoeeeeeoeoeseoon 36
FIGURE 4.2-6: MASINT SENSOR TECHNOLOGY FORECAST. ..o 37
FIGURE 4.2-7: FORECAST SENSOR CAPABILITIES. «....oeveeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeoe 37
FIGURE 4.3-1: AIRBORNE COMMUNICATION TECHNOLOGY FORECAST. oo, 40
FIGURE 4.4-1: AUTONOMOUS CONTROL LEVEL TREND. .....ovveeeeeeeeeeeeeeeeoeoeeeoeeeoeeeeenn 41
FIGURE 4.4-2: PROCESSOR SPEED TREND. .......eoouieeveteeeee e e e e oo 42
FIGURE 4.4-3: PROCESSOR TECHNOLOGY FORECAST. «...vevveeeeeeeee oo 43
FIGURE 5.2-1: UAV MISHAP RATE TRENDS. ......ovveeeeereseeesseseseseseesesssseesseseseseeeeseeseesnn 50
FIGURE 5.2-2: DOD UAYV MISHAP CAUSES. ... eeeeeeeesseseesereresesesssssesesss s 51
FIGURE 5.3-1: RELATIVE DEMAND IN ACTUAL VS. SIMULATED FLIGHT TRAINING. ........... 52
FIGURE 6.1-1: UAV CAPABILITIES ROADMARP. .........oveveemoeeeeeeee oo 56
FIGURE 6.2-1: UAV MISSIONS ROADMAP. ........ovvereeeeeeeeeeseeseseeereseesse e 58
FIGURE A-1: THE PERFORMANCE PAYOFF OF A NOTIONAL COMBAT UAV UTILIZING
TECHNOLOGIES FROM THE SUCCESSFUL DEMONSTRATION THE JETEC PHASE II1
GOALS. 1ttt sae e e st e s ns e st e e b e e e sneeneeseaneeenssaensesesnsnnessesssaeenneees 75
FIGURE A-2: JETEC COST GOAL IN COMPARISON TO EXISTING SYSTEMS. CLEARLY,
INNOVATIVE, LOW-COST DESIGN AND MANUFACTURING TECHNIQUES MUST BE
DEVELOPED TO EET THIS GOAL. ...ccevueiiriiiceeeeeeicenreeesneeneessersecsssssesesseessessesassssnssssnses 76
FIGURE A-3: ENGINE EFFECTS ON TAKEOFF GROSS WEIGHT FOR A DESIRED MISSION
ENDURANCE ..ottt eeese et s et aaesesesemessnesesesesesesessssessessessessesos 79
FIGURE A-4: SPECIFIC ENERGY CALCULATION. ....ouvuveveeeeeeeees e eeserveseseresesenssesssssssssssssssos 80
FIGURE A-5: AFRL HAS DEFINED TEN LEVELS OF AUTONOMOUS CAPABILITY (ACLs) TO
SERVE AS A STANDARD FOR MEASURING PROGRESS. 111eeeeevvverereeseessssnnsssssssssssssssnses 84
FIGURE C-1: SUPPLY & DEMAND. ........oeemeeeeeeeeesireeseseesessssesesesesesesesssesessssnsssssssses i 104
FIGURE C-2: MILITARY SATELLITE COMMUNICATI{)NS FUTURE DIRECTION......ccou.n..... 106
FIGURE D-1: MULTI-AREA INITIATIVES. ....ueveeeeeeeteeeeeeseeeseneeseesesesssesessssssessessssssssssssns 112
FIGURE D-2: PLATFORM RELATED: AERODYNAMICS & ATRFRAMES......ovveeereeeeeeesesnenens 113
FIGURE D-3: PLATFORM RELATED: MATERIALS. ...v.veveeeeeeeeeeeeeeeeeses e sesse e ssess s 114
FIGURE D-4: PLATFORM RELATED: PROPULSION & POWER. «....oveveeeeeeeeeeeeeereeeeeesensanas 115
FIGURE D-5: PLATFORM RELATED:SURVIVABILITY. +..evvveeeeeeeeeeseseereesessesensesssssssessessens 116
xi




UAV Roadmap 2002

FIGURE D-6: IHPTET AND VAATE PROGRAM GOALS AND TRENDS. ..o 117
FIGURE D-7: WEAPONS & TARGETING. ......cvcvvereeeereeesereesessssssssesesesesesesesenssesesesesssssssssens 119
FIGURE D-8: PAYLOADS & SENSORS: GENERAL. ......coovvieeeeeeeeenereneeesenenns eerveernessnnennrrenns 120
FIGURE D-9: PAYLOADS & SENSORS: IMINT. ...ooueeeieeeeeeiereeeeeeesseeseessesesenesesesesssssesenns 121
FIGURE D-10: PAYLOADS & SENSORS: MASINT. ..ot e ee oo eee e esesenenena 122
FIGURE D-11: PAYLOADS & SENSORS: SIGINT ...t eererereeeeseensessessssssnsssons 122
FIGURE D-12: PAYLOADS & SENSORS: COMMUNICATION. .......voevieeeererereeseesesesessssssnensnns 123
FIGURE D-13: PAYLOADS & SENSORS: MULIT-FUNCTION. ..o 123
FIGURE D-14: PAYLOADS & SENSORS: RADAR. ...cvueeeeeeteeeeseseeseseseeeseeee e sseeesesssssessnas 123
FIGURE D-15: CONTROL: GENERAL. .....veeeeeeeeeeeeeseeeeseeessesess s eessssesssssesesesesesesesessssssnes 125
FIGURE D-16: CONTROL: HEALTH MANAGEMENT/MIXED INITIATIVE/PLANNING &

SUPPORT. ...ceoveureeerenrarereseesseeseseresssssessessesesesesesesesssssssessssssasesssssssssssnsesesossesesssssens 125
FIGURE D-17: CONTROL: AUTONOMY......cutueueeeeeeeireereeeseseesssssssssssssssesssssssssssssssossssssses 126
FIGURE E-1: UAV WINGSPAN VS. WEIGHT. ......vveveereeeeeeeeesesesesessessessssesesssesesssessssssssans 129
FIGURE G-1: JOINT FAA/OSD APPROACH TO REGULATING UAVS. oo, 154
FIGURE G-2: US MILITARY UAV MISHAP RATES, 1986-2001 .....cvooveeeereereerrerererennns 155
FIGURE G-3: UAVS AND AIRSPACE CLASSES OF THE NATIONAL AIRSPACE SYSTEM. ..... 158
FIGURE H-1: TPPU-TRANSFORMING DCGS TO NET-CENTRICITY ...ovvereereeeeeeeeseseensnnns 165
FIGURE H-2: AIR FORCE’S DCGS (DCGS-AF).....oceieeeeeereeeeereeeeesesreeesesssessssessseens 167
FIGURE H-3: ARMY’ S DCGS (DCGS-A) ..o eeeeeeeeeeeesesesesesesssesseesessseraes 168
FIGURE H-4: NAVY’S DCGS (ISR NET).....coooteruirmieeeerinsiieiecesiessseeesssssesseessesesssssssasssens 168
FIGURE H-5: USMC S DCGS (MAGIS) .o seeeeeseesesesereseses e sssessesesasnens 169
FIGURE H-6: DOD DCGS ENVISIONED STRUCTURE IN 2015 oo 171
FIGURE I-1: “ISSUES & DRIVERS.......coouetieereeeteeeeeeeeeeesesesesesssessesssssssesssssasssessessnsssasans 176
FIGURE I-2: WEAPONIZED MQ-1B PREDATOR A. .....ooovvremeemereeeeeeeressnssesseseseessessssesees 177
FIGURE I-3: PREDATOR/PREDATOR B, HUNTER-KILLER CONOPS. ..o, 177
FIGUREI-4: SEAD/EA CONOPS, COOPERATIVE OPERATION. .....vvevererereeereeeeeereeersnenans 178
FIGURE I-5: UCAV ENGAGEMENT CONOPS......cooveeeeeeeeeeeeereeeereeeeeeeesesesessseresesesessesnnes 179
FIGUREI-6: EO/IR TARGETING SYSTEMS. ...ccveveueeuereeeeeeressessessssesssssssssssssssessssessesssessssses 180
FIGURE I=7: RADAR. ..ottt e eese e et s s s e st esesesenesesesesessssssnssesen 180
FIGURE I-8: PROCESSORS. ......cucvievireeeieeeeeiiseseeeeeesesesesesessssssesesssesesssesesssesesesssesesesessssens 181
FIGURE I-9: UCAYV APERTURES. .....cvuveeeeereeeeeeeeeeeseeereesssssssesasessssssssesssssssesssssssssessssssses 182
FIGURE J-1: U.S. MILITARY UAV MISHAP RATES (LIFETIME), 1986 — 2002.................. 187
FIGURE J-2: AVERAGE SOURCES OF SYSTEM FAILURES FOR U.S. MILITARY UAV FLEET

(BASED ON 97,000 HOURS).....ccurtererrrrrerrreriessensssssenssessssssssesssassssassssseosesssssssssessens 189
FIGURE J-3: AVERAGE SOURCES OF SYSTEM FAILURES FOR IAI UAV FLEET (BASED ON

100,000 HOURS) ....cuvvuvecuimimenenieeeeesisssssasssessessessssssses s sssssssssssssssssssssssessssaesases 189

Preceding Page Blank




UAV Roadmap 2002

List of Tables
TABLE 2.2-1: SUMMARY HISTORY OF RECENT UAV PROGRAMS. .....voveveeeeeeeeeeeeveeeeeeeans 14
TABLE 2.4-1: FY03 PRESIDENTIAL BUDGET FOR UAV PROGRAMS. ....vooeveeeeeeereeerennenns 20
TABLE 2.5-1: CLASSES OF WORLDWIDE MILITARY RECONNAISSANCE UAVS. ..oovovvnnn. 22
TABLE 2.5-2: MTCR MEMBER INTEREST IN UAVS. cooonvnnn. reeererrneesesseasassnsnessssnnsesansann 23
TABLE 3.1-1. HISTORICALLY VALIDATED UAV ROLES. ...ovveveveeeeeeeeeseeeeeveseeseseseseesessssans 25
TABLE 3.2-1: UAV MISSION AREAS. ....oouteeeeeeeeeeeeeeeeeeeesesesesesessessessesssssssssssesesesssssasssass 27
TABLE 3.3-1: COMBATANT COMMANDER/SERVICE UAV MISSION PRIORITIZATION
MATRIX—2003. ...ttt ettt sae e e et eeessessasssesassesenessesenssssan 28
TABLE4.1-1. UAV SYSTEM AND AIRCRAFT COSTS AND WEIGHTS. ...vveveeeeeeeereeeeeseesensonnas 32
TABLE 5.2-1: RELIABILITY METRICS FORUAVS. .....oviieeieeeeteeeeeessresesereserensssssssssssesesssens 51
TABLE 6.1-1: OPERATIONAL METRICS.........eeeeeeeeeeueeeseseesesesesssesesssesensesasesssesssessssssssens 55
TABLE 6.3-1: MANNED VS. UNMANNED AIRCRAFT DEVELOPMENT COSTS. vvveveveeeevenennn 59
TABLE C-1: CURRENT DOCUMENTED SPACE AND AIRBORNE SYSTEMS AND THEIR DATA
RATE REQUIREMENTS. ....ouvvtrtiiiiieerereiruneareieeesssssssssersesssesssosssssessnssesessssssssssesesssessnnnne 100
TABLE C-2: THE TOTAL MILSATCOM (2010) DATA RATE CAPABILITY FOR BEYOND LINE
OF SIGHT COMMUNICATIONS FROM WHICH UAV'S WOULD COMPETE.....uveeeveesseresnns 100
TABLEF-1: APPLICABLENATO STANAGS. ..o eeeeeeeeeeeeeeesesesrsssssessessssessesssssssssssans 137
TABLE G-1. ALIGNMENT OF UAV CATEGORIES WITH FAA REGULATIONS. ...veovveevenen. 157
TABLE J-1: SUMMARY OF UAV RELIABILITY FINDINGS. ..cveveevieeeeeeeeeeseeeeressereeseseesensenes 188
TABLE J-2: SUMMARY OF UAV FAILURE MODE FINDINGS. ....eevveveveeeeeeeeeeeeereereereenenens 188

TABLE J-3: TECHNOLOGY TO ENHANCE UAV RELIABILITY....veevoeeeeeeeeeeseeeseeeeseessesenens 194




UAV Roadmap 2002 - Section 1
Introduction

1.0 Introduction
1.1 Purpose

The purpose of this roadmap is to stimulate the planning process for US military
unmanned aerial vehicle (UAV) development over the period from 2002 to 2027. Tt is
intended to assist Department of Defense (DoD) decision makers in developing a long-
range strategy for UAV development and acquisition in future Quadrennial Defense
Reviews (QDRs) and other planning efforts, as well as to guide industry in developing
UAV-related technology. Additionally this document may help other US Government
organizations leverage DoD investments in UAV technology to fulfill their needs and
capabilities. It addresses the following key questions:

What requirements for military capabilities could potentially be filled by UAVs?
What platform, sensor, communication, and information processing technologies
are necessary to provide these capabilities?

*  When will these technologies become available to enable the above capabilities?

This roadmap is meant to complement ongoing Service efforts to redefine their
roles and missions for handling 21* century contingencies. The Services see UAVs as
becoming integral components of their future tactical formations. As an example, the
Army’s current Transformation initiative envisions each Brigade Combat Team having a
reconnaissance, surveillance, and target acquisition (RSTA) squadron equipped with a
UAV system, reflecting the initiative’s emphasis on reducing weight, increasing agility,
and integrating robotics.

1.2 Approach

The approach used in this document is to:

1. Identify requirements relevant to defining UAV system capabilities from
authoritative sources of warfighter needs and link them to capabilities needed in
future UAV platforms, sensors, communications, and information processing.

2. Develop a series of forecasting trends (“Moore’s Laws™") for the next 25 years for
those technologies driving UAV platform, sensor, communication, and
information processing performance. Define the timeframe during which the
technology to address these requirements should become available for fielding.

3. Synthesize an integrated plan (“Roadmap™) for UAV development opportunities
by combining the above requirements and technology trends.

Such a roadmap could potentially be used in a number of ways, to include:

! Moore’s Law (Gordon Moore of Intel Corp.) originated in 1965 as a forecast that the capability of
microchip processors would double every 12 to 18 months. The semiconductor industry has used it to
define its technology roadmap for sustained growth over the past 35 years.
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¢ Evaluating the technologies planned for incorporation in current UAV programs
for underachieving or overreaching in capabilities.

¢ Defining windows of feasibility for introducing new capabilities in the near term
on existing systems or for starting new programs.

¢ Identifying key enabling technology development efforts to support today for use

in the far term for inclusion in the Defense Technology Objectives, Joint
Warfighting Science and Technology Plan, and Defense Technology Area Plan.

1.3 Scope

This roadmap describes the options of routes (current and future technologies)
available to reach a number of destinations (warfighter needs). It neither authorizes
specific UAV programs nor prioritizes the requirements, as this is the responsibility of
the Services and the Joint Requirements Oversight Council (JROC). It does, however,
identify future windows when technology should become available to enable new
capabilities, linked to warfighters’ needs, to be incorporated into current or planned UAV
programs. Many of the technologies discussed in this study are currently maturing in
Defense research laboratories and contractor facilities. The roadmap’s span of 25 years
was chosen to accommodate what typically constitutes the coming generation of aircraft
and payload technology.

The information presented in this study is current as of 31 December 2002.

1.4 Definitions

Because they are both unmanned aircraft, the distinction between cruise missile
weapons and UAV weapon systems is occasionally confused. The key discriminates are
(1) UAVs are equipped and employed for recovery at the end of their flight, and cruise
missiles are not, and (2) munitions carried by UAVs are not tailored and integrated into
their airframe whereas the cruise missile’s warhead is. This distinction is clearly made in
the Joint Publication 1-02 DoD Dictionary’s definition of a UAV:

A powered, aerial vehicle that does not carry a human operator, uses
aerodynamic forces to provide vehicle lifi, can fly autonomously or be piloted remotely,
can be expendable or recoverable, and can carry a lethal or non-lethal payload

Ballistic or semi ballistic vehicles, cruise missiles, and artillery projectiles are not
considered unmanned aerial vehicles.

1.5 Progress Since Previous Roadmap

Since the 2000 edition of this Roadmap, the Army, the Marine Corps, and the
Navy have each developed their versions of a UAV roadmap to direct their long-term
UAV efforts. Fuel cell propulsion (Conclusion 6.5.1-1) has reached the flight test stage
in both manned aircraft and non-DoD UAVs (NASA Helios), and the Army has
expressed plans to explore their use in a future Shadow spiral. The FY03 Foliage
Penetration (FOPEN) Synthetic Aperture Radar (SAR) Integration for Terrain
Characterization Advanced Concept Technology Demonstration (ACTD) is pursuing
near-real-time digital terrain mapping for eventual use on Global Hawk (Conclusion
6.5.1-6). The BENVINT ACTD is exploring the utility of standardized weather sensors
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on UAVs (Conclusion 6.5.2-2). In the area of regulatory reform, revised Federal

Aviation Authority (FAA) regulations governing UAV flight in civil airspace are being
coordinated (Conclusion 6.5.2-6), and the Missile Technology Control Regime has been
amended to ease the export of UAV technology in certain cases. Finally, OSD and the
Services have significantly increased their investment in UCAV technology development
and have begun planning for a Joint UCAV Program Office to develop, demonstrate and
field UCAV systems for a variety of combat and combat support missions.
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2.0 Current UAV Programs

This Section provides condensed descriptions of current Defense Department
UAV efforts as background for the users of this roadmap. It categorizes the
Department’s UAVs as Operational (those currently in the hands of field units),
Developmental (those undergoing evaluation for eventual fielding with such units), and
Other, which includes residual assets withdrawn from service with fielded units, concept
exploration platforms, and conceptual UAVs undergoing definition.  Detailed
descriptions are available in the Defense Airbomne Intelligence, Surveillance, and
Reconnaissance Plan (DAISRP) and at the websites listed with specific systems below.

Since the previous edition of this Roadmap, the number of UAV programs under
development by the DoD has increased substantially. In addition, the Army, Navy, and
Marines have each developed Service-specific roadmaps for their UAV efforts. Finally,
the Air Force began its “Pathfinder” initiative, which uses a spiral development process
to reduce the time to field systems. Of the ten programs selected for this initiative, two
are major UAV programs (Global Hawk and Unmanned Combat Air Vehicle (UCAV)).
Figure 2.0-1 presents a consolidated timeline of the Services’ ongoing and planned
programs, reflecting these Service UAV roadmaps. Those UAVs that started as ACTDs
or ATDs are so indicated on the left end of their identification bar, with the leftmost
vertical bar representing the conclusion of that program’s ACTD or ATD. The rightmost
vertical line on each program’s bar represents actual or projected initial operational

capability (IOC). This figure is a key component of the overall UAV Roadmap for the
next 23 years, shown in Figure 6.2-1.

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

VIUAY

BROAD AREA MARITIME SURVEILLANCE (BAMS)
) UCAV-N

FIGURE 2.0-1: TIMELINE OF CURRENT AND PLANNED DoD UAV SYSTEMS.
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2.1 Operational UAV Systems

2.1.1 MQ-1 Predator

The Air Force MQ-1 Predator was one of the initial ACTDs in 1994 and
transitioned to an Air Force program in 1997. It takes off and lands conventionally on a
runway and can carry a maximum 450 b payload for 24+ hours. Operationally, it is
flown with a gimbaled electro-optical/infrared (EO/IR) sensor and a SAR, giving it a
day/night, all-weather (within aircraft limits) reconnaissance capability. It uses either a
line-of-sight (C-band) or a beyond-line-of-sight (Ku-band Satellite Communications
(SATCOM)) data link to relay color video in real time to commanders. Since 1995,
Predator has flown surveillance missions over Iraq, Bosnia, Kosovo, and Afghanistan. In
2001, the Air Force demonstrated the ability to employ Hellfire missiles from the
Predator, leading to its designation being changed from RQ-1 to MQ-1 to reflect its
multi-mission capability. The Air Force operates 12 systems in three Predator squadrons
and is building toward a force of 25 systems consisting of a mix of 100 MQ-1 and MQ-9
aircraft. 10C is anticipated in 2003. www2.acc.af mil/library/factsheets/predator

MQ-1 Predator/General Atomics/Air Force

Weight: 22501b
Length: 28.7 ft
Wingspan: 487 ft
Payload: 450 Ib
Ceiling: 25,000 ft
Radius: 400 nm

Endurance: 24+hr

2.1.2 RQ-2 Pioneer

The Navy/Marine RQ-2 Pioneer has served with Navy, Marine, and Army units,
deploying aboard ship and ashore since 1986. Initially deployed aboard battleships to
provide gunnery spotting, its mission evolved into reconnaissance and surveillance,
primarily for amphibious forces. Launched by rocket assist (shipboard), by catapult, or

- from a runway, it recovers into a net (shipboard) or with arresting gear after flying up to 5

hours with a 75 Ib payload. It currently flies with a gimbaled EO/IR sensor, relaying
analog video in real time via a C-band line-of-sight (LOS) data link. Since 1991, Pioneer
has flown reconnaissance missions during the Persian Gulf, Bosnia, and Kosovo
conflicts. The Navy ceased Pioneer operations at the end of FY02 and transferred their
assets to the Marine Corps. The Marine Corps is embarking on improvements to the
Pioneer to extend their operations with it until FY09 or a replacement is fielded. Such an
improved Pioneer would fulfill the third tier of the Marines’ UAV roadmap, which calls
for a system to support the Marine Expeditionary Force (MEF)/division out to a radius of
200 km (108 nm). htip://uav.navair.navy.mil/pioneer :
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RQ-2 Pioneer/Pioneer UAVs, Inc./-USMC

Weight: 4521b
Length: 14 ft
Wingspan: 17 ft
Payload: 75 1b
Ceiling: 15,000 ft
Radius: 100 nm

Endurance: Shr

2.1.3 RQ-5 Hunter

The RQ-5 Hunter was originally a joint Army/Navy/Marine Corps Short Range
UAYV program that the Army intended to meet division and corps level requirements. It
takes off and lands (using arresting gear) on runways and can carry up to 200 Ib for over
11 hours. It uses a gimbaled EO/IR sensor, relaying its video in real time via a second
airborne Hunter over a C-band line-of-sight data link. Hunter deployed to Macedonia to
support NATO Balkan operations in 1999, 2000, 2001, and 2002. Although full rate
production (FRP) was canceled in 1996, seven low rate initial production (LRIP) systems
of eight aircraft each were acquired, four of which remain in service: two for training,
doctrine development, and exercise support, and two for contingency support. A
competitively selected Extended Range/Multi-Purpose (ER/MP) UAV system will begin
to replace it as early as FY05-06. www.redstone.army.mil/jtuav

RQ-5 Hunter/TRW;IAI/Army
Weight: 1600 1b

Length: 23 ft

Wingspan: 292 ft

Payload: 200 Ib

Ceiling: 15,000 ft

Radius: 144 nm

Endurance: 11.6hr

2.1.4 RQ-7 Shadow 200

The Army selected the RQ-7 Shadow 200 (formerly Tactical UAV (TUAV)) in
December 1999 to meet its Brigade level UAV requirement for support to ground
maneuver commanders. Catapulted from a rail, it is recovered with the aid of arresting
gear. It will be capable of remaining on station for 4 hours at 50 km (27 nm) with a
payload of 60 Ibs. Its gimbaled EQ/IR sensor will relay video in real time via a C-band
LOS data link. Current funding allows the Army to procure 39 systems of four aircraft
each for the active duty forces and 2 systems of four aircraft each for the reserve forces.
Approval for full rate production (acquisition Milestone C) and IOC occurred in
September 2002. The Army’s acquisition objective, with the inclusion of the Army
Reserve component, is 83 total systems. www.tuav.redstone.army.mil
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RQ-7 Shadow 200/AAI/Army
Weight: 3271b
Length: 11.2 1t
Wingspan:  12.8 ft
Payload: 601b
Ceiling: 15,000 ft
Radius: 68 nm

Endurance: 4hr

2.2 Developmental UAV Systems

2.2.1 RQ4 Global Hawk

The Air Force RQ-4 Global Hawk is a high altitude, long endurance UAV
designed to provide wide area coverage of up to 40,000 nm® per day. It successfully
completed its Military Utility Assessment, the final phase of its ACTD, in June 2000, and
transitioned into Engineering and Manufacturing Development (EMD) in March 2001, It
takes off and lands conventionally on a runway and currently carries a 1950 Ib payload
for up to 32 hours. Global Hawk carries both an EQ/IR sensor and a SAR with moving
target indicator (MTI) capability, allowing day/night, all-weather reconnaissance. Sensor
data is relayed over Common Data Link (CDL) line-of-sight (LOS) (X-band) and/or
beyond-line-of-sight (BLOS) (Ku-band SATCOM) data links to its Mission Control
Element (MCE), which distributes imagery to up to seven theater exploitation systems.
Residuals from the ACTD consisted of four aircraft and two ground control stations.
Two more ACTD advanced aircraft will be delivered in early FY03 to support EMD and
contingency operations. The Air Force has budgeted for 27 production aircraft in FY02-
07, and plans a total fleet of 51. The Air Force plans to add other sensor capabilities in a
spiral development process as this fleet is procured. Ground stations in theaters equipped
with the Common Imagery Processor (CIP) will eventually be able to receive Global
Hawk imagery directly. IOC for Imagery Intelligence (IMINT)-equipped aircraft is
expected to occur in FY06. www2.acc.af mil/library/factsheets/globalhawk

RQ-4 Global Hawk/Northrop Grumman/Air Force

Weight: 26,750 1b
Length: 44 4 ft
Wingspan:  116.2 ft
Payload: 1950 1b
Ceiling: 65,000 ft
Radius: 5400 nm

Endurance: 32hr

2.2.2 Broad Area Maritime Surveillance

In December 2001, Secretary of the Navy directed, on an accelerated basis, the
acquisition of an unmanned persistent intelligence, surveillance, and reconnaissance
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(ISR) capability in support of the warfighter. In response, the Navy developed a two-
phased approach to rapidly acquire a Broad Area Maritime Surveillance (BAMS) UAV
system using current available platforms to speed acquisition, sensor development,
concept of operations (CONOPS) development and achieve low risk. The first phase, the
Global Hawk Maritime Demonstration (GHMD), will procure two off-the-shelf Air Force
Global Hawk UAV platforms with sensors modified for maritime ISR missions and
associated ground equipment for Navy use in CONOPS development, technology
validation and to conduct experimentation in a maritime environment. The second phase,
the BAMS UAV Program, is a formal DoD acquisition initiated to develop, test, field and
support a maritime patrol, reconnaissance, and strike support UAV system. An Analysis
of Alternatives is currently underway that will be used to help determine the platform and
force structure required to support the BAMS UAV mission. An estimated 50 air vehicles
are planned but the final number will be adjusted when the objective platform is selected.
The BAMS UAYV Initial Operating Capability (IOC) is currently planned for FY09.

2.2.3 RQ-8 Fire Scout

The Fire Scout vertical take-off and landing (VTOL) tactical UAV (VTUAV)
program is currently in EMD and LRIP. Five Air Vehicles and four Ground Control
Stations are now in Developmental Testing. A significant number of successful test
flights have been accomplished demonstrating autonomous flight, Tactical Control Data
Link (TCDL) operations, Multi-Mission Payload performance and Ground Control
Station operations. Fire Scout Tactical Control System developmental testing is
scheduled for mid-FY03. With continuing FY03 EMD testing successes, the Navy has
recognized the VTUAV program value for the emerging Landing Craft Support series of
surface vessels. The Navy is currently reviewing the VTUAV Operational Requirements
Document (ORD) andfunding has been added to the FY04 budget to continue
development and to conduct shipboard demonstrations. Additional out year funding for

VTUAV is being considered for future development and production.
http://uav.navair.navy.mil/vtuav

RQ-8 Fire Scout/Northrop Grumman/Navy

Weight: 26501b
Length: 229 ft
Rotorspan: 275 ft

| Payload: 300 1b
Ceiling: 19,000 ft
Radius: 150 nm

| Endurance: S+hr

2.2.4 MQ-9 Predator B

Predator B is a larger, more capable, turboprop-engined version of the Air Force
MQ-1B/Predator developed jointly by NASA and General Atomics as a high altitude
endurance UAV for science payloads. Its initial flight occurred in February 2001. The
Office of the Secretary of Defense acquired both existing Predator B prototypes in
October 2001 for evaluation by the Air Force. With the capability to carry up to ten
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Hellfire missiles, the MQ-9 could serve as the killer portion of a MQ-1/MQ-9
hunter/killer UAV team. Current funding plans are to acquire nine MQ-9s, although
Congress has expressed interest in increasing the procurement.

MQ-9 Predator B/General Atomics/Air Force

Weight: 10,000 Ib

Length: 36.2 ft

Wingspan: 64 ft

Payload: 750 1b internal/3000 Ib external
Ceiling: 45,000 ft

Radius: 400 nm

Endurance: 24+ hr

2.2.5 Dragon Eye

Dragon Eye is a mini-UAV (4-foot wingspan and 4 Ib weight) developed as the
Marine Corps Warfighting Laboratory’s (MCWL) answer to the Navy’s Over-The-Hill
Reconnaissance Initiative and the Marines’ Interim Small Unit Remote Scouting System
(I-SURSS) requirement. The potential Navy version is referred to as Sea ALL. Dragon
Eye fulfills the first tier of the Marine Corps UAV roadmap by providing the company/
platoon/squad level with an organic RSTA capability out to 10 km (5 nm). It can carry
either an EO, IR, or low light TV as its sensor. The first prototype flew in May 2000,
with low rate production contracts (40 aircraft) awarded to AeroVironment and BAI
Aerosystems in July 2001. By March 2003 the Marine Corps will award a production
contract to one of these two vendors following user operational assessment. IOC is
planned for the Fall of 2003. A total of 311 systems, each with 3 aircraft and one ground
station, are planned. www.mcwl.quantico.usme.mil/images/downloads/dragoneye

Dragon Eye/BAI Aerosystems;
AeroVironment/Marine Corps

Weight: 451b
Length: 24 ft
Wingspan: 3.8 ft
Payload: 11b
Ceiling: 1000 ft
Radius: 2.5 nm

Endurance;  45-60 min

2.2.6 Force Protection Aerial Surveillance System (FPASS)

FPASS is designed for ease of use by Air Force security personnel to improve
situational awareness of the force protection battlespace by conducting area surveillance,
patrolling base perimeters and runway approach/departure paths, and performing convoy
over watch. The Air Force Electronic Systems Center developed FPASS to address a
1999 U.S. Central Command (CENTCOM) request for enhancing security at overseas
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bases. CENTAF refers to the FPASS vehicle as Desert Hawk. Battery-powered, it is
launched with the aid of a bungee cord and equipped with either a visible or an uncooled
IR video sensor. Each system consists of six aircraft and a laptop control station.
Delivery of initial systems began in July 2002.

FPASS/Lockheed Martin/Air Force

Weight: 51b
Length: 3ft
Wingspan: 4 ft
Payload: 11b
Ceiling: 1,000 ft
Radius: 5nm

Endurance:  60-90 min

2.2.7 Neptune

Neptune is a new tactical UAV design optimized for at-sea launch and recovery.
Carried in a 72x30x20 inch case that transforms into a pneumatic launcher, it can be
launched from small vessels and recovered in open water. It can carry IR or color video
sensors, or can be used to drop small payloads. Its digital data link is designed to
minimize multipath effects over water. First flight occurred in January 2002, and an
initial production contract was awarded to DRS Unmanned Technologies in March 2002.

Neptune/DRS Unmanned Technologies/Navy

Weight: 801b
Length: 6 ft
Wingspan: 7t
Payload: 201b
Ceiling: 8,000 ft
Radius: 40 nm

Endurance: 4hr

2.2.8 Air Force UCAV (X-45)

The joint Defense Advanced Research Projects Agency (DARPA)/Air Force
UCAV System Demonstration Program (SDP) is designed to demonstrate the
technological feasibility, military utility, and operational value of a UCAV system to
effectively and affordably prosecute Suppression of Enemy Air Defenses (SEAD) and
strike missions in the 2010+ high threat environment. Two X-45A (Spiral 0)
demonstrator air vehicles have been delivered to NASA's Dryden facility at Edwards
AFB; first flight occurred in May 2002. Design has started on the next generation X-45C
(Spiral 1) air vehicle, which will add stealth characteristics; first flight is expected in late
2005. The Air Force has budgeted for up to 36 UCAV systems for delivery by 2010 for
early operational capability and warfighter assessment. An effects-based spiral
development approach is envisioned to rapidly field initial UCAV capability and expand
that capability as technology and funding permit. www.darpa.mil/ucav
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UCAV/Boeing/DARPA Air Force

X-45A X-45C
Weight: 12,000 1b 35,000 Ib
Length: 26.3 ft 36 ft
Wingspan:  33.8ft 48 ft
Payload: 1,500 Ib 45001b
Ceiling: 35,000 ft 40,000 ft
Speed: 0.75M 085M
Endurance/ 1.5hr 1,000 nm
Combat Radius: + 2 hr loiter

2.2.9 UCAV-Navy (X-46/X-47)

The DARPA/Office of Naval Research's Naval Unmanned Combat Air Vehicle
(UCAV-N) Advanced Technology Demonstration (ATD) Program is examining the
critical technologies and systems needed to operate a large autonomous UAV from a
Navy aircraft carrier. The system is envisioned to be multi-mission capable with an
initial focus on tactical surveillance, evolving into a SEAD/strike system as the concept
matures. The UCAV-N acquisition cost goal is 50 percent of the Navy’s F-35 variant,
and its operating cost goal is 50 percent of the F/A-18C/D's. The Naval Unmanned
Combat Air Vehicle (UCAV-N) ATD program will be merged with the current Air Force
UCAV program under a Joint Program office. Both Northrop-Grumman (X-47A
Pegasus) and Boeing (X-46) will partake in a Joint Strike Fighter (JSF)-like competition
to meet Air Force and Navy requirements. First flight of a shore-based catapult and
arrested-landing-capable UCAV-N demonstrator is expected in late FY06. Fourteen Air
Force UCAV's are scheduled for delivery by FY08 while the Naval UCAV is planned to
achieve I0C before 2015. www.darpa.mil/tto/programs/ucav-n

UCAV-N/DARPA Navy
Weight: 29,000 1b
Length: 34 ft
Wingspan: 50 ft
Payload: 5,5001b
Ceiling: 40,000 ft
Radius: 1,500 nm

Endurance: 12 hours

12
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2.2.10 UCAR

The Unmanned Combat Armed

Rotorcraft (UCAR) is a DARPA/Army program
begun in FYO02 to develop an unmanned attack
helicopter for the armed reconnaissance and
attack missions at 20 to 40 percent the acquisition
cost of a RAH-66 Comanche and 20-50 percent of
the operating cost of an AH-64 Apache. This UCAR/DARPA Army
system will be a critical component of the Army (Artist Depiction)
Objective Force system-of-systems architecture.
Phase I study contracts to conduct system trades and concept exploration were awarded
to Boeing, Lockheed Martin, Northrop Grumman, and Sikorsky in May 2002. First flight
is anticipated in 2006, leading to an acquisition decision in 2009. With UCAR, the Army,
Navy, and Air Force each now have unmanned combat aircraft initiatives.

2.2.11 Dragon Warrior

Dragon Warrior is an unmanned rotorcraft designed to provide the Marine
Expeditionary Unit'(MEU) or regiment with an organic reconnaissance, surveillance,
precision targeting, battle damage assessment, and communication relay capability. It
will be capable of launching and recovering from ships during amphibious operations and
transitioning to land-based operations from a single High-Mobility Multi-Purpose
Wheeled Vehicle (HMMWYV) and trailer. Each system would consist of two rotorcraft.
It would be equipped with an EO/IR sensor and laser range finder plus an interchangeable
communication relay payload. First tethered flight was conducted in 2002, and first free
flight should occur in 2003. A procurement decision is expected in FY06.
www.mcwl.quantico.usmc.mil/images/downloads/dragonwarrior

Dragon Warrior/NRL/Marine Corps

Weight: 340 1b
Length: 7 ft
Rotorspan: 9 ft
Payload: 351b
Ceiling: 18,000 ft
Radius: 50nm

Endurance:  3-5 hrs
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2.2.12 Program Summaries
TABLE 2.2-1: SUMMARY HISTORY OF RECENT UAV PROGRAMS.

TUSAF Predator

Lead First Aircraft Aircraft

System Manufacturer Service  Flight IOC Built Fielded Status
MQ-1/Predator General Atomics Air Force 1994 2003 80 22 93 ordered
RQ-2/Pioneer Pioneer UAVs,Inc ~ Navy 1985 1986 175 10 Extended life
BQM-145 Teledyne Ryan Navy 1992 n/a 8 0 Cancelled ‘93
RQ-3/DarkStar Lockheed Martin Air Force 1996 n/a 3 0 Cancelled ‘99
RQ-4/G'Hawk Northrop Grumman  Air Force 1998 2006 6 0 51 planned
RQ-5/Hunter IAVTRW Armmy 1991 n/a 72 41 Sunset system
RQ-6/Outrider Alliant Techsystems ~ Army 1997 n/a 19 0 Cancelled ‘99
RQ-7/8hadow200 AAI Army 1991 2003 32 24 164 planned
RQ-8/Fire Scout  Northrop Grumman  Navy 1999 n/a 3 0 Cancelled ‘02
MQ-9/Predator B General Atomics Air Force 2001 TBD 2 0 6 planned
Dragon Eye BAI Aerosystems/ UsSMC 2000 2003 40 0 933 planned

AeroVironment

USA Hunter e o
o [T 7
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FIGURE 2.2-1: LOCATIONS OF U.S. MILITARY UAVS.
2.3 Other UAV Systems

2.3.1 Residual UAV Systems

The US military maintains the residual hardware of several UAV programs that
are not current programs of record, but that have deployed with operational units using
trained, uniformed operators in recent years. Eighty-two BOM-147 Exdrones, an 80-1b
delta-wing design, remain from over 500 built. Originally built as expendable
communication jammers, Exdrones were converted to the reconnaissance role with the
addition of a video camera, and 45 of them were deployed during the Gulf War. In 1997-
98, 38 were rebuilt to the Dragon Drone standard (which includes the addition of a
gimbaled EO sensor) and have since deployed twice with Marine Expeditionary Units.
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Air Force Special Operations Command (Hurlburt Field, FL) is using 15 Exdrones as
testbeds to explore potential UAV concepts and payloads for special operations forces.
The Army Air Maneuver Battle Lab (Ft Rucker, AL) is also experimenting with
Exdrones, having acquired 30 in 2001.

BQM-147 Dragon Drone/BAI Aerosystems/Marines

Weight: 90 1b

Length: 5.25ft
Wingspan: 8.2 ft
Payload: 151b
Ceiling: 10,000 ft
Radius: 26 nm

Endurance: 2.5hr

Approximately 50 hand-launched, battery powered FQM-151/Pointers have been
acquired by the Marines and the Army since 1989 and were employed in the Gulf War.
Most recently, the Navy used Pointer to help clear the Vieques, Puerto Rico, range of
demonstrators, and the Army acquired six systems for use at its Military Operations in
Urban Terrain (MOUT) facility at Ft Benning, GA. Pointers have served as testbeds for
numerous miniaturized sensors (e.g., uncooled IR cameras and chemical agent detectors)
and have performed demonstrations with the Drug Enforcement Agency, National Guard,
and special operations forces. hrp://uav.navair.navy.mil/smuav

FQM-151 Pointer/AeroVironment/Navy

Weight: 101b
Length: 6ft
Wingspan:  9ft
Payload: 21b
Ceiling: 1000 ft
Radius: 3 nm

Endurance: 1hr

2.3.2 Concept Exploration UAV Systems

ACTDs have been responsible for successfully spawning a number of recent
UAV programs, such as Predator and Global Hawk, on an accelerated development basis.
Because ACTD:s are focused on quickly putting a capability into a theater commander’s
hands for his evaluation before committing resources for the attendant training, spares,
technical documentation, etc., required for a fully operational system, those efforts
receiving a favorable endorsement arrive at the Defense Acquisition Board with a
significant bill for “operationalization” Three ACTDs are currently exploring new
concepts involving unmanned aviation.

The Counter Proliferation I ACTD, sponsored by the Defense Threat
Reduction Agency (DTRA), envisions deploying two mini-UAVs (Finders) from a larger
Predator UAV to conduct point detection of chemical agents. The employment concept
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for Finder (Flight Inserted Detection Expendable for Reconnaissance) is to fly up to 50
nm from Predator and loiter in the vicinity of a suspected chemical agent cloud for up to
2 hours, passmg its sensor data back to the Predator for relay to warfighters and/or
collecting air samples for recovery by ground forces for analysis. Eight Finder systems
(16 vehicles) are to remain as residuals when the ACTD ends in 2004.
www.jhuapl.edw/collog/foch

Finder/NRL/ACTD
Weight: 591b
Length: 525 ft
Wingspan: 8.6 ft
Payload: 13.51b
Ceiling: 15,000 ft
Radius: 50 nm

Endurance: 10hr

The Loitering Electronic Warfare Killer (LEWK) ACTD, initiated in FYO1, is
to demonstrate and assess an affordable, recoverable UAV capable of providing limited
radar jamming and/or lethal/non-lethal munitions delivery for the SEAD mission.
Communication relay and imagery receipt from the vehicle will also be demonstrated.
LEWK, similar in size to a 1000-b general-purpose bomb, can be released in flight as
either an external or internal store of an aircraft or helicopter. Upon release, it deploys
extendable wings and can loiter in the target area for up to 8 hours before recovery by
parachute. First half-scale flight occurred in September 2001, with the first full-scale
flight scheduled in March 2003 and operational éem@nstratzens in 2004. Five LEWKSs
are envisioned as residuals at the conclusion of the ACTD. LEWK is the top contender
to be the USMC replacement for its Pioneer UAVs.

LEWK/SAIC/ACTD
Weight: 800 Ib
Length: 10 ft
Wingspan: 15 ft
Payload: 200 1b
Ceiling: 15,000 ft
Radius: 400-500 nm

Endurance: 8hr

The Hunter Standoff Killer Team (HSKT) ACTD draws on experience gained
in the Army’s Airbome Manned/Unmanned System Technology (AMUST) program
conducted in 2000-2001. AMUST teamed an AH-64 Apache in the killer role with a RQ-
5 Hunter UAV in the hunter role, linking the UAV’s video directly into the helicopter’s
cockpit. The Apache crew controlled the Hunter’s sensor while the Hunter ground
control station controlled its route of flight. HSKT intends to expand on this concept
adding technology from the earlier Rotorcraft Pilot’s Associate program.
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Although not truly UAVs, two projects, one Air Force and one Army, are
exploring expendable, munition-size devices for quick reaction, real time point
reconnaissance. The Air Force effort originated as an Information Warfare Battlelab
initiative (Microglider) and has evolved into Silent Eyes. Dropped from a Predator
wing pylon, it deploys stowed wings, glides unpowered over a preprogrammed route, and
circles its target, returning color still images for battle damage assessment prior to
impact. The Army QuickLook effort is a GPS-guided, powered (10 hp engine) device
that is fired from a 155-mm howitzer. Once launched, a drag chute deploys to slow the
device so inflatable wings can deploy which then enables it to reconnoiter a 7.3 nm” (25
km®) area during its 45-minute flight. First all-up flight is scheduled for late 2002,
followed by a Future Combat System demonstration at Comm1m1cat10ns Electronic
Command (CECOM) in January 2003.

SilentEyes/Raytheon/Air Force

Weight: 101b

Length: 161t

Wingspan: 2.3 ft

Payload: 51b

Ceiling: 25,000 ft (release in glide)
Radius: 33 nm (glide)

Endurance; 20 min

Sensorcraft is an Air Force Research Laboratory (AFRL) concept for a sensor-
driven UAV design; multiple definition contracts were awarded at the start of FYO1. Its
intent is to optimize a configuration for future airbomne radar imaging and signals
collection, then design the airframe, flight controls, and propulsion to conform to this
configuration. The initiative integrates UAV-related efforts across a number of AFRL
directorates and technology areas.

Under the Small Business Initiative Research (SBIR) program, AFRL is
developing Skytote, a vertical takeoff and landing (VTOL) UAV that transitions to
horizontal flight. Skytote may be used for a variety of missions, including precision
delivery and resupply of special operations teams, port and base security surveillance,
and delivery of non-lethal weapons. The project is based on Air Force Special
Operations Command (AFSOC) and U.S. Special Operations Command (SOCOM)
mission need requirements.

Sensorcraft/Air Force (artist concept) Skytote/Air Force (artist concept)
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2.3.3 DARPA UAV Programs

In addition to its involvement in three UCAV/UCAR demonstration programs
(see Sections 2.2.9, 2.2.10, and 2.2.11), the Defense Advanced Research Projects Agency
(DARPA) is currently sponsoring five other innovative UAV designs. The Advanced Air
Vehicle (AAV) program is developing two unmanned rotorcraft projects, the Boeing X-
50 Dragonfly Canard Rotor Wing (CRW) and the Frontier A160 Hummingbird. The
attributes being explored under the AAV program are speed, altitude, and endurance.
The goal is to substantially improve the performance of rotorcraft to levels nearing that of
fixed wing aircraft. The Dragonfly will demonstrate the ability to takeoff and land from a
hover, then transition to fixed wing flight for cruise, using its stopped rotor as its wing,
The result will be a high speed (400+ kts) rotorcraft. CRW is expected to fly in 2003.
The other AAV project is the Hummingbird, which uses a hingeless, rigid rotor to
achieve a high endurance (24+ hrs), high altitude (30,000 ft) rotorcraft. Its first flight
occurred in January 2002. www.darpa.mil/tto/programs/aav

X-50 Dragonfly/Boeing/DARPA

Weight: 1785 1b
Length: 17.7 ft
Wingspan:  12.0ft
Payload: 200 1b
Ceiling: 10,000 ft
Radius: 108 nm

b

Endurance: 4hr

A160 Hummingbird/Frontier/DARPA

Weight: 4000 Ib
Length: 35ft
Rotorspan: 36 ft
Payload: 300+1b
Ceiling: 30,000 ft
Radius: 1500 nm

Endurance: 24+hr

DARPA and the Army are exploring designs for both Micro Air Vehicles
(MAVs)—aircraft no more than 6 to 12 inches in any dimension—and a slightly larger
Organic Air Vehicle (OAV) to accompany the Army’s Future Combat System’s (FCS)
robotic ground vehicles. The primary difference between the two systems is the MAV is
focused on a small system suitable for backpack deployment and single-man operation,
whereas the OAV is aimed at a larger system transported aboard one of the FCS ground
vehicles. Honeywell was awarded an agreement to develop and demonstrate the OAV
concept, and Robotic Technology, Inc., was subcontracted to develop the OAV under the
FCS contract. The OAV is envisioned as a scalable-in-size UAV that can be launched
and controlled from a HMMWYV or robotic vehicle to provide over-the-hill RSTA. It is
to be demonstrated with other FCS components at CECOM in 2003. Allied Aerospace
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has been awarded an agreement as part of the MAV ACTD, which pushes the envelope in
small, lightweight propulsion, sensing, and communication technologies. Following its
Military Utility Assessment (MUA) in FY04, 25 MAV systems are to transfer to the
Army in FY05. A third effort, by DARPA’s Synthetic Multifunctional Materials
program, has developed a 6-ounce MAV, the AeroVironment Wasp, having an integrated
wing-and-battery which has flown for 1.8 hours. www.darpa.mil/tto/programs/mav

- Wasp iStar Kestrel
AeroVironment Allied Aerospace Honeywell
Weight: 04 1b 5k 251b
Length: 8in : 121in 42in
Diameter: 13 in wingspan 9in 17 in
Payload: 011b 11b 101b
Ceiling: 1200 ft 16,000 ft TBD
Radius: 0.5 nm 55nm 4 11 nm
Endurance: 100 min 40 min 120 min
2.4 UAV Financial Data

Between 1990 and 1999, the Department of Defense invested over $3 billion in
UAV development, procurement, and operations. The current FY02-07 Fiscal Year
Defense Plan’s (FYDP) UAV budget of $7.1 billion will nearly double that amount by
2007 (see Figure 2.5-1). If this rate continues up to 2010, DoD is projected to invest over
$10 billion in UAVs in the first decade of the new century, triple what it did in the
previous decade. Plus-ups in the wake of September 11 increased the FY02 UAV budget
figure by $250M, and make FYO03 the first billion-dollar year in UAV history (see Table
2.5-1). In numbers of UAVs, by 2010, the U.S. UAV inventory is expected to quadruple
from 80 today to over 300 (not counting micro and mini UAVs) and to support a wider
range of missions—Signal Intelligence (SIGINT) reconnaissance, communication relay,
and SEAD—compared to today’s imagery reconnaissance and strike capability.
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FIGURE 2.4-1: DOD ANNUAL FUNDING PROFILE FOR UAVS.
TABLE 2.4-1: FY04 PRESIDENTIAL BUDGET FOR UAV PROGRAMS.
Program FY03* | FY04* | FY05* | FY06* | FY07* | FY08* | FY09* Total*
Predator 2125 | 3260 | 2969 | 3214 | 2072 | 2312 | 3376 1932.8
Pioneer 29.1 36.3 17.7 9.9 10.7 112 114 126.3
Hunter 33.9 292 282 28.1 26.0 24.6 252 195.2
Global Hawk 5096 | 6238 | 6253 | 6884 | 8599 | 7637 | 7207 4791.4
Shadow 200 1794 | 1320 | 1248 | 890 90.5 93.6 90.2 799.5
ER/MP 0.0 23.1 336 59 59 59 59 803
Fire Scout/VTUAV 38.6 4.0 0.0 0.0 0.0 180.0 | 2700 4926
UCAV (AF & Navy) 89.1 | 3168 | 5623 | 5183 | 3527 | 8827 | 1185.1 3907.0
BAMS 0.0 25.1 2244 | 1871 | 3480 | 4472 | 472 1704.0
GH Maritime Demo 1894 | 764 573 534 543 482 477 526.7
UCAR 33.0 49.4 75.9 0.0 0.0 0.0 0.0 158.3
Various Small UAV__~ | 516 524 55.0 55.0 55.0 55.0 55.0 | 379.0 estimated
Grand Total 1366.2 | 1694.5 | 21014 | 19565 | 2010.2 | 2743.3 | 32210 15093.1

* All budget figures are given in millions of dollars and roll up RDT&E, procurement, and O&S$ together.
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2.5 UAV Proliferation
2.5.1 Foreign UAV Development

Currently, some 32 nations are developing or manufacture more than 250 models
of UAVs (see Figure 2.6-1); 41 countries operate some 80 types of UAVs, primarily for
reconnaissance. Table 2.4-2 categorizes selected foreign UAVs and can be used to
identify mission niches either complementing or not being performed by current U.S.
UAVs. Systems not yet fielded are italicized in the table. Knowledge of such niches
allows U.S. planners to rely on and better integrate the unique capabilities of coalition
UAV assets in certain contingencies. The one niche common to a number of other
countries but missing in the U.S. UAV force structure is a survivable penetrator for use in
high threat environments. France and Germany have employed CL-289s with success in
Bosnia and Kosovo, Russia’s VR-3 Reys may be succeeded soon by the Tu-300, and
Italy’s new Mirach 150 supports its corps-level intelligence system. All are essentially
jet engines with cameras attached which fly at low altitude at high subsonic speed to
increase their survivability. Previous U.S. counterparts, the D-21, 1963-1971, (a Mach 3
reconnaissance drone launched from the back of an A-12 (SR-7 1) or dropped from a B-

52) and the RQ-3 DarkStar, relied on supersonic speed or stealth as well as high altitude
for their survivability.

MTCR Member
E Non-MTCR Member

FIGURE 2.6-1: UAV MANUFACTURING COUNTRIES.
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TABLE 2.5-1: CLASSES OF WORLDWIDE MILITARY RECONNAISSANCE UAVS.
Tactical ! Specialized : Endurance
Country : Over-the-Hill : Close Range | Maritime Penetrating | Medium Rng : Long Rng
United States | Dragon Eye ' Hunter ' Pioneer : : !
. FPASS | Shadow : : ‘ !
France . i Crecerelle . CL-289 i Eagle 1 :
; i\ MCMM ‘ y MCMM | MALE :
Germany ! Luna ) Brevel \ Seamos 1 CL-289 i Eurohawk
United : : Phoenix : : \ Watchkeeper |
Kingdom . Watchkeeper ; : ;
Ttaly i Mirach 26 : Mirach 150 | Predator :
i Falco : . }
Israel : Scout/Searcher ! ‘ . Heron :
Russia ¢ Shmel/Yak-61 | ! VR-3Reys | '
: . ; VR-2 Strizh © :
2.5.2 Export Policy

The sale of U.S.-manufactured UAVs to foreign militaries offers the triple
advantages of 1) supporting the U.S. industrial base for UAVs, 2) potentially lowering
the unit costs of UAVs to the Services, and 3) ensuring interoperability by equipping
allied forces with mutually compatible systems. Balanced against these advantages,
however, is the concern that the UAV capable of carrying a given weight of
reconnaissance sensors and data links on a round trip could be modified to carry an equal
weight of explosives twice that distance on a one-way mission. As the range, accuracy,
and payload capacity of UAVs have overtaken those of cruise missiles and some ballistic
missiles, controlling their proliferation has become a concern. UAVs fall under the terms
of the Missile Technology Control Regime (MTCR), an informal and voluntary political
agreement among 33 countries to control the proliferation of unmanned rocket and
aerodynamic systems capable of delivering weapons of mass destruction (see Table 2.6-
2). Predator and Global Hawk both fall under Category I definitions (vehicles capable of
cartying 500 kg of payload to a range of 300 km) of the MTCR and were therefore
subject to a strong presumption of denial for export under the existing agreement. The
U.S. Defense and State Departments drafted an updated interim policy to the MTCR in
late 2001 to allow UAV (including UCAV) exports to selected countries on a case-by-
case basis. .

U.S.-manufactured UAVs have been exported to numerous foreign countries over
the past 40 years, from Falconers to the United Kingdom in the 1960s and Firebees to
Israel in the 1970s to Gnat 750s to Turkey in the 1990s. The recently revised MTCR
agreement allowed approval of the sale of six Predators to Italy in 2002. Overseas
interest in Global Hawk has led to one demonstration in Australia, followed by a request
to acquire the first two of as many as ten by that government. A demonstration of a
SIGINT-variant (Eurohawk) is planned to be held in Germany in the future.
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TABLE 2.5-2: MTCR MEMBER INTEREST IN UAVS.

i ¥ ] i
MTCR Member* | UAV ! UAV : UAV UAV
! Exporter : Operator . Manufacturer ‘Developer
Argentina i no ; yes : ves : yes
Australia : yes ; yes : yes : yes
Austria : yes ‘ no : yes i yes
Belgium ; no : yes ; yes : yes
Brazil ! no : no ' no ! no
Canada ' yes ! no : yes yes
Czech Republic : no : yes : yes ‘ yes
Denmark i no ; yes : no i no
Finland : no ; yes : no ; no
France ) yes ; yes : yes ) yes
Germany ; yes H yes ; yes : yes
Greece : no : no : no yes
Hungary i no : no ; no ‘ yes
Iceland i no : no ; no ; no
Ireland H no : no i no : no
Italy ; yes : yes : yes ; yes
Japan : yes : yes H yes H yes
Luxembourg ; no ‘ no : no i no
The Netherlands : no ; yes ; no : no
New Zealand : no : no : no : no
Norway : no ; no ; no i yes
Poland ' no ) no H no ! no
Portugal : no : no : no yes
Russia ; yes : yes : yes : yes
South Africa ; yes ; yes 1 yes ; yes
South Korea : no ; yes : yes : yes
Spain H no : no : yes : yes
Sweden ; no : yes ; ves : yes
Switzerland ; yes : yes ‘ yes : yes
Turkey : yes : yes ‘ yes yes
Ukraine : yes : yes ‘ yes : yes
United Kingdom ; yes : yes : yes ‘ yes
United States H yes : yes ; yes H yes

*Although not a member of the MTCR, Israel has pledged to abide by its guidelines.
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3.0 Requirements

Requirements, along with the available systems (Section 2) and the emerging
technologies to enable them (Section 4), are the three foundation stones of this Roadmap.
The purpose of this section is to identify current and emerging requirements for military
capabilities that could possibly be addressed by UAVs, regardless of whether a formal
Mission Needs Statement is written against them. Three sources of these requirements
are examined here: 40 years of historical UAV use by the Services, the annual Combatant
Commanders’ Integrated Priority Lists, and the most recent (January 2003) poll by the
Joint Chief of Staff (JCS) of the theaters and the Services of their UAV needs.

3.1 Historically Validated UAV Roles

Although how the Services have employed UAVs over the past 40 years is no
sure indicator of how they will use them in the next 25, most of the current UAV
programs show a strong correlation with a line of past UAV programs built to fulfill
similar requirements. The Services have repeatedly sought to fill five legacy roles with
UAVs, implying the underlying requirements are of a long-term, enduring validity and
therefore can be expected to continue through the period of this roadmap. These five

roles, and the succession of UAVs, procured or attempted, to fill them, are shown in
Table 3.1-1.

TABLE 3.1-1. HISTORICALLY VALIDATED UAV ROLES.

UAV Role: Brigade/Division asset for reconnaissance, surveillance, and target acquisition (RSTA)

Proponent: Ammy

Heritage: Falconer (1950-60s) ~ Aquila (1970-80s) — Pioneer (1980-90s) — Qutrider (1990s) — Shadow 200
(2000s)

UAV Rele: Shipborne asset for reconnaissance and naval gunfire support

Proponent: Navy

Heritage: Project Blackfly (1970s) — Pioneer (1980-2000s) — Fire Scout (2000s)

UAYV Role: Small unit asset for over-the-hill reconnaissance

Proponent: Marine Corps

Heritage: Bikini (1960-70s) — Pointer (1980-90s) — Dragon Eye (2000s)

UAV Role: Survivable asset for strategic penetrating reconnaissance

Proponent: Army/Air Force

Heritage: Osprey (1960s) - D-21 (1960-70s) - Classified Program (1980s) — DarkStar (1990s)

UAV Role: High Altitude endurance asset for standoff reconnaissance

Proponent: Air Force :

Heritage: Compass Arrow (1960s) — Compass Dwell (1970s) — Compass Cope (1970s) — Condor (1980s) —

Global Hawk (1990-2000s)

3.2 Combatant Commander Requirements for UAVs

A Combatant Commander’s Integrated Priority List (IPL) is submitted annually
by each of the nine Unified Commands to identify and prioritize the shortfalls in each
theater’s warfighting capabilities. They are the seminal source of joint requirements from
our nation’s warfighters. IPLs offer the advantages of being “direct from the field” in
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pedigree, joint in perspective, and reexamined annually, so their requirements remain
both current and auditable over the years. Taken as a whole, they are the only source to
enumerate worldwide (vice Service- or theater-centric) requirements.

Of the 117 requirements submitted in the latest (2002) combined IPLs for funding
in the FY03-08 FYDP, 42 (36 percent) identified needed capabilities that could
potentially be filled by using UAVs. Four of the 42 specifically identified “UAVs” as a

~ desired solution to the stated requirement. All but one of these capabilities have

previously been associated in some form (a flight demonstration, a technical study, etc.)
with UAVs, as shown in Table 3.2-1. These 42 requirements can be organized into 17
mission areas, as shown in Figure 3.2-1.

BF arce Protedion
17 UAV-Related Mission Areas mC2/Corm s
=ISR
oMb
EThester Alr Missile Defense
‘mAll WestherMight Strike
=SEAD
BSIGINT
BASWY
-mCounter Fire
mExerdse Support
oPsyops
BCounterDrug
EMeteoroiogy
whline Warefire
mNavigation
lCS.;'!.R

G

2 UMY related prigrities

‘417 Totat 1PL Priorities
FIGURE 3.2-1: IPL PRIORITIES LINKED TO UAV MISSIONS.

Although EOQ/IR/SAR sensors have been the predominant payload fielded on DoD
UAVs to date, Table 3.2-1 shows a number of other payloads have been previously flown
on UAVs in proof-of-concept demonstrations. These demonstrations have shown UAVs
can perform the tasks inherent in most of these 17 mission areas. They show that UAVs
can be a candidate solution for certain requirements. UAVs should be the preferred
solution over their manned counterparts when those requirements involve the familiar
three jobs best left to UAVs: the dull (long dwell), the dirty (sampling for hazardous
materials), and the dangerous (extreme exposure to hostile action).
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TABLE 3.2-1: UAV MiSSION AREAS.

Justification for UAV Use
{‘Du}.l)S ((Dim” ‘cDm£ﬂ0§S’3

Prior UAV Experience

(UAV/Pavload, Place Demonstrated. Year}

Intelligence, Surveillance,
& Reconnaissance (ISR)

C2/Communications
Force Protection

Signals Intelligence
(SIGINT)

Weapons of Mass
Destruction (WMD)
Theater Air Missile
Defense (TAMD)

Suppression of Enemy
Air Defenses (SEAD)

Combat Search and
Rescue (CSAR)

Mine Counter
Measures (MCM)

Meteorology and
Oceanography
(METOC)

Counter Narcotics (CN)

Psychological Ops

All Weather/Night Strike

Exercise Support
Counter Fire
Anti Submarine Warfare

Navigation

X X
X

X X X

X X

X X

X X

X

X

X

X X

X X

X

x

Pioneer, Exdrone, Pointer/Gulf War, 1990-91
Predator, Pioneer/Bosnia, 1995-2000

Hunter, Predator, Pioneer/Kosovo, 1999
Hunter/CRP, 1996; Exdrone/TRSS, 1998
Global Hawk/ACN, Predator/ACN, ongoing
Camcopter, Dragon Drone/Ft Sumner, 1999

Pioneer/SMART, 1995 ,
Hunter/LR-100/COMINT, 1996
Hunter/ORION, 1997
Pioneer/RADIAC/LSCAD/SAWCAD, 1995
Telemaster/Analyte 2000, 1996
Pointer/CADDIE 1998
Hunter/SAFEGUARD, 1999

Isracli HA-10 development, (canceled)
Global Hawk study, 1997

Hunter/SMART-V, 1996
Hunter/LR-100/1DM, 1998

Exdrone/Woodland Cougar Exercise, 1997
Exdrone/SPUDS, 2000

Pioneer/COBRA, 1996
Camcopter/AAMIS, 1999 (Germany)

Aerosonde/Visala, 1995
Predator/T-Drop, 1997
Predator/BENVINT ACTD, 2002

Predator/Ft Huachuca, 1995
Pioneer/So. California, 1999

Non-DoD UAV/ieaflet dispensing, 1990°s

DASH/Vietnam, 1960s
Predator/Afghanistan, 2001

Predator/JOTRS, 2002
none
DASH, 1960s

Hunter/GPS Pseudolite, 2000

3.3 JROC-Validated Requirements for UAVs

In response to an August 2000 Joint Staff-led, Joint Requirements Oversight
Council-validated survey, Unified Command and Service staffs were given eighteen
mission areas to prioritize in terms of their desirability for being performed by four
UAVs (Predator, Global Hawk, Shadow 200, and/or VTUAV); the results are shown in

Table 3.3-1.

Where different, rankings from the previous survey are shown in

parentheses. Although one-to-one alignments of these 17 missions with the previously
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described 17 priorities from the IPLs for UAVs is inexact, the priorities of the two for
congruent mission areas are in general agreement, as is shown in the last column.

TABLE 3.3-1: COMBATANT COMMANDER/SERVICE UAV MISSION
PRIORITIZATION MATRIX—2003.

Mission Predator Global Hawk TUAV

Reconnaissance 1 1
Signals Intel 3 2
Mine Detection/CM 1@ 312 6(4) 3 11
Desianon £t Location and 2 1211 20) 2 -
Battle Management 10(8) 6(7) 75 S -
Chem/Bio Reconnaissance 7(10) 9(10) 4(6) 709) 4
Counter Cam/Con/Deception 5@ 5 8 il -
Electronic Warfare 8(6) 4 g 10 10
Combat SAR 6(5) 7(8) 10 6(8) 12
Communications/Data Relay 9 3 3 3 2
Information Warfare 14an 8(6) 11 8(6) -
Digital Mapping 13(12) 1009 12 13(12) -
Littoral Undersea Warfare - - - 12 (13) -
SOF Team Resupply - 12 - 15 15 -
Weaponization/Strike 4 11 13 6
GPS Psuedolite - 14 - 9
Covert Sensor Insertion - - 14 14 -
" Decoy/Pathfinder - - 16 16 -
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4.0 Technologies

The third foundation stone of this Roadmap, emerging technologies, provides the
means by which today’s UAV systems (Section 2) will evolve the capabilities necessary
to provide the warfighters’ requirements (Section 3). These three elements are brought
together to form the Roadmap proper in Section 6. In this section, technologists have
provided their best estimates of what UAV-related developments will occur and when we
should see them in the field over the next 25 years. Four technology areas are addressed:

Platforms (propulsion and survivability), Payloads (sensors, relays, and weapons),
Communication, and Processors.

4.1 Platforms

The requirements for UAVs identified in Section 3 reveal the overwhelming
majority of UAV uses involve dull (long duration) or dangerous (high potential for loss)
aspects. These mission requirements translate to technology requirements for increased
platform endurance, increased platform survivability, and/or lower platform cost. The

dirty mission set implies low cost, disposal (generally small) UAV systems, focusing on
simple, COTS based solutions.

4.1.1 Propulsion

Endurance is driven by propulsion. Two key propulsion metrics are specific fuel
consumption (SFC) for efficiency and mass specific power (MSP) for performance.
Figures 4.1-1 and 4.1-2 show trends in SFC and MSP, respectively, expected over the
next 25 years. Projected propulsion advances over the next 25 years are depicted in 4.1-3
and discussed in Appendices A and D.
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Turbine Turbofan, turboprop, Integrated Versatile Affordable VAATE-UII
Engine High Performance Turbine Advanced Turbine Engines Note: VAATE ends in 2017
Engine Technology (IHPTET) (VAATE-D)
Hypersonics AF Single Engine Scramjet Robust Scramjet: broader Hypersonic cruise missiles
Scramjets Demo, Mach 4-7 operating envelope and could be in use w/in
X-43C Multi-engine, Mach 5-7 reusable applications (e.g. operational commands.
turbine-based combined Prototype high Mach (8-10)
cycles) air vehicles possible
Turboelectric | Integrated Drive Generator on No AMAD, Electric Enabling electrical power for
Machinery Accessory Drive, Propulsive Engine Controls, airborne directed energy
Integrated Power Unit — F-22 Vehicle Drag weaponry
Reduction/Range Extension
Rechargeable | Lead Acid, NiCd, in wide use Lithium Ion batteries in wide Lithium polymer batteries in
Batteries Lithium Ion under development — | use (100-150 WH/kg) wide use (300-400 WH/kg)
(B-2 battery — 1™ example)
Photoveltaics | Silicon based single crystal cells | Flexible thin films Concentrator cells and
in rigid arrays Multi-junction devices — modules
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reflectors)
Fuel Cells Prototypes in large UAVs — Production PEM fuel cells Fuel cells size, weight
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available for UAVs Improvements in reformers
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FIGURE 4.1-3: PROPULSION/POWER TECHNOLOGY FORECAST.
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4.1.2 Survivability

Aircraft survivability is a balance of tactics, technology (for both active and
passive measures), and cost for a given threat environment. For manned aircraft, aircraft
survivability equates to crew survivability, on which a high premium is placed. For
UAVs, this equation shifts, and the merits of making them highly survivable, vice -
somewhat survivable, for the same mission come into question. Insight into this tradeoff
is provided by examining the Global Hawk and DarkStar programs. Both were built to
the same mission (high altitude endurance reconnaissance) and cost objective ($10
million flyaway price); one (DarkStar) was to be more highly survivable by stealth, the
other only moderately survivable. Performance could be traded to meet the cost
objective. The resulting designs therefore traded only performance for survivability. The
low observable DarkStar emerged as one-third the size (8,600 versus 25,600 Ibs) and had
one-third the performance (9 hrs at 500 nm versus 24 hrs at 1200 nm) of its conventional
stablemate, Global Hawk. It was canceled for reasons that included its performance
shortfall outweighing the perceived value of its enhanced survivability. Further, the
active countermeasures planned for Global Hawk’s survivability suite were severely
pared back as an early cost savings measure during its design phase.

The value of survivability in the UAV design equation will vary with the mission,
but the DarkStar lesson will need to be reexamined for relevance to future UCAV
designs. To the extent UAVs inherently possess low or reduced observable attributes,
such as having seamless composite skins, fewer windows and hatches, and/or smaller
sizes, they will be optimized for some level of survivability. Trading performance and/or
cost for survivability beyond that level, however, runs counter to the prevailing
perception that UAVs must be cheaper, more attritable versions of manned aircraft to
justify their acquisition. As an illustration, both the Air Force and the Navy UCAVs
were originally targeted at one third the acquisition cost of their closest manned
counterpart, the JSF, and are still priced at a fraction of what it costs to buy their manned
counterparts.

One low/reduced observable characteristic implicit in the Combatant
Commander’s IPLs, specifically for the force protection and SEAD missions, is aircraft
acoustic signature. These two missions can be better supported by using quieter vehicles
that are less susceptible to detection, whether by base intruders (acoustic) in the force
protection role or by a hostile integrated air defense system employing active and passive
(radar and acoustic) detection systems for the SEAD mission. Electric power systems,
such as fuel cells, offer lower noise and infrared signatures for smaller UAVs while
providing comparable mass specific power to that of Internal Combustion Engines (ICE).

If active and passive measures fail to protect the aircraft, the focus of survivability
shifts from completing the mission to saving the aircraft. Two emerging technologies
hold significant promise in this area for UAVs, self-repairing structures and fault tolerant
flight control systems (FCSs). AFRL-sponsored research into self-repairing materials
shows composites may be capable of sealing small holes or gaps in-flight, such as those
inflicted by small arms fire. Several on-going efforts are intent on developing FCS
software that can “reconfigure” itself to use alternative combinations of remaining
control surfaces when a primary control surface is damaged or lost. Fault tolerant FCSs
will be key to improving UAV reliability and enabling successful demonstration of the
Services’ autonomous operation initiatives.
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4.1.3 Cost Control

Empty weight cost is a commonly used metric in the aviation industry because it
tends to remain constant across a variety of aircraft types. That number today is roughly
$1500 per pound. Table 4.1-1 provides the empty weight and cost data for DoD UAVs
depicted in Figure 4.1-4. It shows current DoD UAV platforms cost approximately
$1500 per pound of empty weight and $8000 per pound of payload capacity as one “cost
per capability” metric. Figure 4.1-5 takes this metric further by factoring in UAV
endurance (from Section 2) to also provide a link between performance and cost in terms
of dollars per pound-hour. OSD, Joint Staff, and the Services should develop
capability and/or capability-performance metrics (such as those in Section 4.1)
against which to evaluate UAV program costs. Program managers should provide
Joint Staff and OSD written justification at Milestone B and C reviews when these
metrics are exceeded, and provide appropriate management organizations with

options for reducing costs to align costs with these metrics when this occurs. OPR:
OSD. Due: FY03.

TABLE 4.1-1. UAV SYSTEM AND AIRCRAFT COSTS AND WEIGHTS.

Svst Aircraft Cost  Aircraft Payload System Cost ~ Number of
ystem FY02 $* Weight,Ib*  Weight, Ib FY02$ Acft/System

Predator $ 1,700,000 1135 450 $ 30,000,000 4 ‘
Pioneer $ 650,000 307 75 $ 7,000,000 4

Hunter $ 1,200,000 1170 200 $ 20,000,000 8

Global Hawk $ 20,000,000 9200 1950 $ 57,000,000 1

Shadow 200 $ 325,000 216 60 $ 6,200,000 4

Fire Scout $ 1,800,000 1502 200 $ 14,200,000 3

Dragon Eye $ 35,000 35 1 $ 120,000 3

* Aircraft costs are minus sensor costs, and aircraft weights are minus fuel and payload capacities.
Hardware costs, including GFE, are used.

? Bolded text refers to OSD’s priority goals for unmanned aviation discussed in section 6.4.
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4.2 Payloads

relation to platform endurance in Figure 4.2-1.
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Of the 17 mission areas identified by the Combatant Commanders that could
potentially be addressed with UAVs (see Section 3.2), ten involve sensing, three relaying
(Command and Control (C2)/Communications, Psychological Operations, and
Navigation), and four weapons delivery (Theater Air and Missile Defense (TAMD),
SEAD, Strike, and Anti Submarine Warfare (ASW)) functions for the mission payload.
The payload capacities available in current and planned U.S. military UAVs are shown in
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FIGURE 4.2-1: UAV PAYLOAD WEIGHT VvS. ENDURANCE.

4.2.1 Sensors

34

Requirements for sensing payloads on UAVs extend not just to the ten mission
areas mentioned above, but also to the four weapons delivery missions, due to their
reliance on detecting and identifying the target to meet rules of engagement (ROE)
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constraints and to improve aim point accuracy. The dominant requirement for sensing is
for imaging (visible, infrared, and radar), followed by signals (for the SIGINT and SEAD
missions), chemical (weapons of mass destruction (WMD)), biological (WMD),
radiological (WMD), meteorological (METOC), and magnetic (ASW and Mines Counter
Measure (MCM)). Figures 4.2-1 through 4.2-5 depict expected developments in
imaging, signals, and measurements and signatures intelligence (MASINT) sensors over
the next 25 years by technology and by system, as well as describing the regimes in
which such sensors must perform, the enablers necessary to improve present capabilities,
and the missions for which each is applicable. Figure 4.2-6 then combines and maps
these forecast developments by sensor type between now and 2010, then out to 2015.

Calendar Years

15

SYERS, SYERS-2

Global Hawk
Integrated Wet Film?
Sensor
Suite

ENABLERS:

REGIME: Medium to high altitude, relatively sophisticated sensors beyond video capabilities

Wideband data links/architecture, focal plane arrays, lightweight optics, lightweight rigid structures,

lightweight mass storage amrays (digital storage equivalent to wet film pixels/pound), onboard
processing, ATC/ATR algorithm development,

MISSIONS:  Broad area reconnaissance, high resolution spotimagery, standoff recce, intel preparation ofthe

battiefield, positive target identification, battie damage assessment

FIGURE 4.2-2: STILL IMAGERY SENSOR TECHNOLOGY FORECAST.

Calendar Years

MTS Bali MTS/ HDTV
Laser Designator
Predator, ERMP, Micro-UAV ~ UCAV Recce, Foliow-on UCAV
TUAY Target Designation Recce Variant

MISSIONS:

REGIME; All altitudes, all vehicle classes except micro-UAVs
ENABLERS:

autonomous vehicle/sensor ops, interneton the battiefield

force protection/picket duty, precision strike/BDA, target designation

FIGURE 4.2-3: MOTION/VIDEO IMAGERY SENSOR TECHNOLOGY FORECAST.
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Calendar Years

15

TESAR Lynx MP-RTIP UHFAHF FOPEN
ASARS-2 ASARS-ZA :
HYSAR Single Pass DTED
GMTI AMTI GMTI-track  AMTI - track GMT!I - identify AMTI - identify

REGIME: All altitudes, ail vehicle classes except micro-UAVs

ENABLERS: Scalable AESA systems, operationalized FOPEN sensors/algorithms,onboardioffboard image
enhancement (improved resolution, coherentchange detection), aircraft electrical generator
improvements (waftts/pound,power extraction efficiency)

MISSIONS:  Broad area reconaissance, ground/air moving target imagery, intel prep of the battlefield, precision

guided munition targeting data, NRT sensor-fo-shooter/sensor-to-bullet data transfer, mapping,
cueing

FIGURE 4.2-4: RADAR IMAGER SENSOR TECHNOLOGY FORECAST.

Manned: ARL, Guardrail, ACS, Navy SIGNT, U-2, Rivet Joint, classified systems
Unm anned: Global Hawk, Predator, Tactical vehiclkes

Calendar Years

00|

i

Stratified byaltitude, Requirements-based
wehicle characteristics allocation across
(stealth, SWAP) manned/unmanned aircraft,
space
EGIME: All altitudes, all vehicle classes

ENABLERS: Scalable SIGINT systems, decryption software development, dense environment algorithms,
conformalimultipurpose antennas

MISSIONS:  Threat warning, cueing for imagerylelectronic warfare, situational awareness, threat database, strat
ELINT/ICOMINT

FIGURE 4.2-5: SIGINT SENSOR TECHNOLOGY FORECAST.
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Calendar Years

SYERS-2 Inifial LIDAR Systems LIDAR FOPEN/imaging through clouds

(MS1) High resolution
Hyperspectral cueing hyperspectral imaging
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REGIME; All altitudes, smalllightweight s ystems to complex, heavysensors

ENABLERS: HSVimaging system integration, focal plane technology, chemibio aerosol phenomenology,
materials science phenomenology, ATC/ATR algorithm development incorporating HSI, offboard
system integration, very wideband comms, improved efficiency lidars, range-gating algorithms

MISSIONS:  Hyperspectral cueing (low-res), effluent/aerosol detection and 1D, materials databases, RF
characterization, battle management (MTI), anti-CCD imagery, “seeing through [wallsforests]”,

subsurface imaging, obscured IMINT, 3D imaging/battlefield simulation, specific vehicle/target
identification, SAR decoydetection

FIGURE 4.2-6: MASINT SENSOR TECHNOLOGY FORECAST.
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4.2.2 Communication Relay

Every Combatant Commander expressed concern over communication shortfalls
in his theater (see Figure 4.3-1). By 2010, existing and planned capacities are forecast to
meet only 44 percent of the need projected by Joint Vision 2010 to ensure information
superiority. A separate, detailed study, Unmanned Aerial Vehicles (UAVs) as
Communications Platforms, dated 4 November 1997, was conducted by OSD/C3L. Its

major conclusions regarding the use of a UAV as an Airborne Communication Node
(ACN) were:

¢ Tactical communication needs can be met much more responsively and
effectively with ACNs than with satellites.

* ACNs can effectively augment theater satellite capabilities by addressing
deficiencies in capacity and connectivity.

o Satellites are better suited than UAVs for meeting high capacity, worldwide
communications needs.

ACNs can enhance intra-theater and tactical communications capacity and
connectivity by providing 1) more efficient use of bandwidth, 2) extending the range of
existing terrestrial LOS communications systems, 3) extending communication to areas
denied or masked to satellite service, and 4) providing significant improvement in
received power density compared to that of satellites, improving reception and decreasing
vulnerability to jamming. The potential savings in logistics is also significant. In Desert
Storm, the deployment of Army signal units required 40 C-5 sorties and 24 ships. By
being largely self-deployable, an endurance UAV-based ACN could reduce the number
of airlift sorties required for communication support by half to two thirds.

DARPA’s Adaptive Joint C4ISR Node (AJCN) is developing a modular, scalable
communication relay payload that can be tailored to fly on a RQ-4/Global Hawk and
provide theater-wide support (300 nm diameter area of coverage) or on a RQ-7/Shadow
for tactical use (60 nm diameter area). The current program schedule calls for flight

demonstrations beginning in 2004 and the addition of a simultaneous SIGINT capability
by 2010.

4.2.3 Weapons

If combat UAVs are to achieve most of their initial cost and stealth advantages by
being smaller than their manned counterparts, they will logically have smaller weapons
bays and therefore need smaller weapons. Smaller and/or fewer weapons carried per
mission means lethality must be increased to achieve equal or greater mission
effectiveness. Achieving lethality with small weapons requires precision guidance (in
most cases) and/or more lethal warheads. Ongoing technology programs are providing a
variety of precision guidance options; some are in the inventory now. With the advent of
some innovative wide kill-area warheads, hardening guidance systems, i.e., resistance to
GPS jamming, appears to be the greatest technology requirement. A potentially
significant advantage to smaller more precise weapons and penetrating launch platforms
such as UCAVs is the reduction in collateral damage. In some cases these platform and

weapons combinations could reduce an adversary’s ability to seek sanctuary within non-
combatant areas.
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As for increased lethality, a number of innovative weapons have shown
capabilities that suggest UAV size-compatible weapons could achieve high lethality
against difficult targets. The Naval Surface Weapons Center (NSWC) at Indian Head
Arsenal, MD, has demonstrated a flying plate weapon that can reduce concrete structures
to rubble or perforate steel, giving it the potential to destroy bridge piers, drop structural
elements, and penetrate bunkers. New, more high-energy explosives are emerging that
can be used to provide the explosive power of much larger weapons in very small
configurations. NSWC’s intermetallic incendiary technology generates a 6700°F
firestorm that cannot be quenched by water, offering the promise of neutralizing
biological and chemical agents. The flechette weapon can disable vehicles, air defense
sites, and similar soft targets with numerous, small, high velocity flechettes. High power
microwave (HPM) technology uses single or repetitive pulses to disrupt or destroy
transistors in command, control, and communication centers and electronics facilities.
The Air Force Air Armament Center’s small diameter bomb (SDB) is half the weight of
the smallest bomb the Air Force uses today, the 500-pound Mark 82. Its 250-pound class
warhead has demonstrated penetration of more than 6 feet of reinforced concrete. The

Air Force hopes to deploy it by 2006 on the F-15E, followed by deployment on several
other aircraft, including the UCAV.

4.2.4 Cost Control

Table 4.1-1 provides the payload capacities used in Figure 4.1-4, which shows
current DoD UAVs cost approximately $8000 per pound of payload capacity (sensors), a
comparable number to the payload capacity of the JSF, which is $7300 per pound
(weapons). JSF has served as an early standard for setting both Air Force and Navy
UCAV price goals. This same capability metric applied to the planned Air Force UCAV
is $5500 per pound payload (weapons). As UAVs become smaller, or stealthier, the
standoff range of sensor systems may be reduced. Reduced sensor standoff capability
coupled with more use of COTS systems can have a significant impact on some sensor
packages for some classes of UAVs.

4.3 Communication

Airborne data link rates and processor speeds are in a race with respect to
enabling future UAV capabilities. Today, and for the near term, the paradigm is to relay
virtually all airborne data to the ground and process it there for interpretation and
decisions. Eventually, however, onboard processing power will outstrip data link
capabilities and allow UAVs to relay the results of their data, vice the data itself, to the
ground for decision making. At that point, the requirement for data link rates in certain
applications, particularly imagery collection, should drop significantly.

Meanwhile, data compression will remain relevant into the future as long as band-
limited communications exist, but it is unlikely compression algorithms alone will solve
the near term throughput requirements of advanced sensors. A technology that
intentionally discards information is not the preferred technique. For now, compression
is a concession to inadequate bandwidth.

In the case of radio frequency (RF) data links, limited spectrum and the
requirement to minimize airborne system size, weight, and power (SWAP) have been
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strong contributors for limiting data rates. Rates up to 10 Gbps (40 times currently
fielded capabilities) are considered possible at current bandwidths by using more
bandwidth-efficient modulation methods. At gigahertz frequencies however, RF use
becomes increasingly constrained by frequency congestion, effectively limiting its upper
frequency to 10 GHz. Currently fielded digital data links provide an efficiency varying
between 0.92 and 1.5 bps/Hz, where the theoretical maximum is 1.92.

Airbome optical data links, or lasercom, will potentially offer data rates two to
five orders of magnitude greater than those of the best future RF systems. However,
lasercom data rates have held steady for two decades because their key technical
challenge was adequate Pointing, Acquisition, and Tracking (PAT) technology to ensure
the laser link was both acquired and maintained. Although mature RF systems are
viewed as lower risk, and therefore attract investment dollars more easily, Missile
Defense Agency (formerly BMDO) funding in the 1990s allowed a series of increasingly
complex demonstrations at Gbps rates. The small apertures (3 to 5 in) and widespread
availability of low power semiconductor lasers explains why lasercom systems typically
weigh 30 to 50 percent that of comparable RF systems and consume less power.

Although lasercom could surpass RF in terms of airborne data transfer rate, RF
will continue to dominate at the lower altitudes for some time into the future because of
its better all-weather capability. Thus, both RF and optical technology development
should continue to progress out to 2025. Projected growth areas for airborne data links
are shown in Figure 4.3-1.
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Data Link
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FIGURE 4.3-1: AIRBORNE COMMUNICATION TECHNOLOGY FORECAST.
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4.4 Processors

Increased onboard processing will be the key enabler of more responsive flight
control systems, onboard sensor data processing, and autonomous operations (AQ) for
future UAVs. AO is a current capability-push by the Navy in the Office of Naval
Research’s AO Future Naval Capability initiative and by the Air Force as part of the Air
Force Research Laboratory’s (AFRL) Sensorcraft initiative. The Autononmous Control
Levels (ACLs) used in Figure 4.4-1 were developed in response to the OSD Fixed Wing
Vehicle (FWV) Initiative’s need for an autonomy metric in 2000. In parallel with
developing the technology for AQ, the Services must also evolve their doctrines for
employing it. Scalable levels of AO will probably be necessary to accommodate varying
rules of engagement (ROEs) for contingencies from peacekeeping to force-on-force.

Autonomous Confrol Levels
Fully Autonomous Swams §= 10
Growp Strategic Goals } 9
Distributed Contrdl = 8
Growp Tactical Goals | 7
GrowpTactcalReplan -~ 6 Q UCAV-N
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Adapt o Failures & Flight Condtions }= 3

G Global Hawk
Q Predator

Pioneer

Real Time HealihDiagnosis = 2

RemotelyGuided }=

I i i i I i i
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FIGURE 4.4-1: AUTONOMOUS CONTROL LEVEL TREND.

These advances in UAV capabilities hinge on the commercial sector’s continued
progress in manufacturing increasingly capable processors. Moore’s Law states the
number of transistors on a microprocessor will double approximately every 12-18

- months, enabling a corresponding increase in computing power. This “law” is based on
an observation made by Gordon Moore, Chairman Emeritus of Intel Corporation, in 1965
and has been remarkably accurate for the past 35 years. It has been the basis for many
performance forecasts and is used here to project the trend in microprocessor speeds for
the next 25 years. These speeds directly determine whether warfighters can receive their
information in real time (RT), near-real-time (NRT), or the next day (ND). Figure 4.4-2
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illustrates this trend in microprocessor speed and extrapolates a trend based on speeds

doubling every 18 months. From it, Terahertz (1000 GHz) processors should become
commercially available in the 2015-2020 timeframe.
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FIGURE 4.4-2: PROCESSOR SPEED TREND.

However, advances in silicon-based microprocessors have a finite limit dictated
by the laws of physics, known as the “point-one limit.” This refers to the smallest
dimension (0.1 micron) of a transistor achievable before, according to quantum theory,
the information-carrying electrons traveling among the transistors can tunnel through this
distance of a few atoms, negating the on/off purpose of the transistor and corrupting data.
Moore’s Law predicts this limit will be reached in the 2015-2020 timeframe. Even
before this limit is reached, the cost of manufacturing silicon chips to ever increasing
precision and tolerances should begin increasing exponentially, reversing the cost/benefit
ratio of each new generation of microchip historically enjoyed by consumers.

Forecast progress over the next 25 years in processor technology is depicted in
Figure 4.4-3. Three avenues for extending silicon’s deadline are converting microchips
to “microcubes,” replacing the silicon chip with one made of gallium arsenide, and
developing new manufacturing processes for chip production. Silicon microcubes offer
the simplest way to increase the number of transistors while decreasing the distance
electrons have to travel, but will generate so much heat that elaborate (i.e., expensive)
cooling techniques will be required. Microchip substrates made of gallium arsenide offer
ten times the speed of silicon ones due to electrons traveling more easily through its
crystalline architecture, but will eventually face the same point-one limit as silicon.
Finally, the current manufacturing process (lithographic etching by ultraviolet laser) will
need to be replaced by one capable of finer etching, such as that by shorter wavelength x-
rays or electron beams. However, the new manufacturing technology needed to etch the
silicon to even reach the point-one limit is not available today. Once this limit is reached,
improvements in microprocessor speeds must come from alternative technologies. Four
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such alternative technologies currently being researched are optical, biochemical,
molecular, and quantum processing.

Present
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Lithography

Molecular Processor

Quantum
Processor

FIGURE 4.4-3: PROCESSOR TECHNOLOGY FORECAST.
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5.0 Operations

5.1 Operational Concepts Development

The potential for UAVs to be used in new and innovative ways has long been
acknowledged by many in the military establishment. It is the function of the Service
battle labs outlined in Section 2 to convert such assumptions into demonstrations of
practical application. Originally an Army concept (1992), battle labs have been recently
established by the Services to address, in the Army’s words, “categories of military
activity where there appears to be the greatest potential for change from current concepts
and capabilities, and simultaneously, the areas where new requirements are emerging.”
The dynamic nature of these emerging requirements underscores the importance of
continued funding for these organizations. UAV employment has figured prominently in

- the short history of these organizations.

5.1.1 Army

The Army’s Advanced Aviation Technology Directorate (AATD), an element
of the US. Army Aviation and Missile Command’s Aviation & Missile Research,
Development, & Engineering Center, is located at Ft Eustis, VA. AATD is focused on
developing, integrating, and demonstrating new technologies for future UAVs,
specifically the integration of manned and unmanned aviation. It operates four Vigilante
UAV testbeds and is in the process of converting an AH-1F Cobra into its optionally
piloted Unmanned Combat Airbome Demonstrator (UCAD). It is also developing the
Wing Store UAV (WSUAV) for launch from 2.75-inch rocket pods carried on
helicopters.

The Army’s Night Vision Electronic Sensors Directorate (NVESD) at Ft
Belvoir, VA, employs six Pointers, six Night Hawks, two Flight Hawks, and one Setter
mini-UAVs, as well as two Camcopter rotary wing UAVs, as testbeds for evaluating
various night vision and mine countermeasure sensors. NVESD also assumed
responsibility for developing the initial Dragon Warrior prototype, the Sikorsky Cypher
II, from MCWL in late 2000 for further testing and is currently helping develop the
Buster mini-UAV.

Although none of its six battle labs begun in 1992 is dedicated to UAVs, the
majority of the Army’s battle labs have been involved in exploring various UAV
operational concepts. The Air Maneuver Battle Lab at Ft. Rucker, AL, operates some
30 Exdrones for developing combined UAV/helicopter tactics. The Dismounted Battle
Space Battle Lab at Ft. Benning, GA, working in concert with the MCWL, has evaluated
UAVs (Camcopter and Pointer) and micro air vehicles in urban warfare scenarios at the
Military Operations in Urban Terrain (MOUT) McKenna Facility. The Mounted
Maneuver Battle Lab at Ft Knox, KY, which focuses on brigade-level-and-below, has
an extensive resume of involvement with small UAVs for the scouting role and with
UAV modeling. TRADOC’s Systems Manager (TSM) for UAVs at Ft. Huachuca, AZ,
is the Army’s central manager for all combat development activities involving UAVs.
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5.1.2 Navy and Marine Corps

The Naval Research Laboratory (NRL) in Washington, DC, has a history of
exploring new aerodynamic and propulsion concepts for maritime UAVs. Among its
innovative UAV concepts have been in-flight deployable wings, hovering tethered ship
decoys, and advanced miniature electric motors. Besides the Dragon Eye and Finder
projects described above, the NRL has built and flown over a dozen different, original
small and micro UAV designs in recent years and is currently preparing the Dragon
Warrior prototype for flight testing this summer.

The Naval Air Warfare Center Aircraft Division (NAWC/AD) at NAS
Patuxent River, MD, maintains a small UAV test, development, and demonstration team
at Webster Field, Maryland that operates a fleet of various types of small UAVs.
NAWC/AD’s Maritime Unmanned Development and Operations (MUDO) team has 45
Exdrones, 10 Pointers, 3 Aerolights, 2 Aeroskys, and 1 Aerostar. MUDO managed the
evolution of the Exdrone into the Dragon Drone for use by the Marine Corps Warfighting
Lab (MCWL). It has also supported the Maritime Battle Center during recent Fleet Battle

Experiments by providing small UAV systems and operations expertise.

The Marine Corps Warfighting Lab (MCWL) was created at Quantico, VA, in
1995. It is responsible for developing new operational concepts, tactics, techniques,
procedures, and technologies to prepare Marines for future combat. It has participated in
UAV development for integration into battalion-level-and-below forces. In addition to
integrating Dragon Drone UAVs into its recent series of Limited Objective Experiments
(LOEs) supporting Capable Warrior, MCWL has funded development of Dragon Warrior
and Dragon Eye prototypes, each tailored to specific requirements supporting the
Operational Maneuver From The Sea (OMFTS) concept.

The Naval Strike and Air Warfare Center (NSAWC) at NAS Fallon, NV,
began supporting concept of operations development for integrating RQ-1/Predators into
Fleet training exercises in 1998. To date, these efforts have focused on the time critical
targeting and battlespace dominance missions. It participated in the naval utility
evaluation of the RQ-4/Global Hawk during its ACTD by serving as a node to receive
imagery during Global Hawk’s flight to Alaska in 1999. In 2001, NSAWC completed a
Naval Tactics, Techniques, and Procedures document entitled “UAV Integration into
Carrier Air Wing Operations” (NTTP 3-01.1-02) which can be accessed at
www.nsawc.smil. mil.

The Naval Warfare Development Command’s Maritime Battle Center (MBCQ),
established at Newport, R, in 1996, conducts a Fleet Battle Experiment (FBEs) each year
to explore new technologies and operational concepts in both live and virtual scenarios.
UAVs have participated in FBE-Echo (Predator in 1999), FBE-Hotel (Aerolight, Pioneer,
and Dakota II in 2000), FBE-India (Aerolight), and FBE-Juliet (Sentry and Predator).

The Naval Postgraduate School hosts the Center for Interdisciplinary Remotely
Piloted Aircraft Studies (CIRPAS) in Monterey, CA. CIRPAS operates and maintains
the Pelican optionally piloted aircraft and two Predators previously procured by the
Navy. U. S. Joint Forces Command (USJFCOM) controls their priority for use to meet
Joint Operational Testbed System (JOTBS) requirements. JOTBS is a tool to conduct
UAYV interoperability experimentation without Service doctrine or policy constraints.
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5.1.3 Air Force

The Air Force Research Laboratory (AFRL) is actively pursuing UAV-
applicable technologies for both specific UAV programs and for unmanned flight in
general. Its Vehicles Directorate is exploring autonomous see and avoid and flight
control systems. Its Sensors Directorate is developing more capable, smaller radar and
electro-optical capabilities. AFRL has contracted a concept development study for their
Sensorcraft concept, a UAV optimized for the sensor suite it would carry.

The Air Force established its UAV Battlelab (UAVB) in 1997 at Eglin AFB, FL,
to explore and demonstrate the worth of innovative UAV operational concepts (as distinct
from new systems or tactics) in key emerging areas. Its goal is to create opportunities,
with minimal investment, for the Air Force to impact current UAV organizations,
doctrine, training, and future requirements and acquisitions. The UAVB conducts four to
six “experiments” annually, employing a variety of UAVs and UAV surrogates. Notable
firsts among its efforts have been applying the Traffic Collision/Avoidance System
(TCAS) to better integrate manned and unmanned flight operations; evaluating UAVs to
supplement base security forces (in conjunction with the Air Force Force Protection
Battlelab); using UAVs as the “eyes” for an E-8/Joint Surveillance, Targeting, and Attack
Radar System (JSTARS) in coordinated Scud missile hunts; and proving the military
utility of real time UAV reconnaissance support to Special Tactics Teams. One recent
experiment conducted with the Joint Combat Identification Evaluation Team at Ft.
Stewart, GA, data linked the location of tanks found by a Hunter UAV through its ground
station to F-16s to steer them in for an attack. This same capability was also used to
abort attacks on friendly forces.

Air Force Special Operations Command (AFSOC) at Hurlburt Field, FL,
acquired 15 Exdrones from NAWC/AD in 2000. Operated by the 720" Special Tactics
Group, they are used to explore UAV concepts of operation and special payloads for
special operations forces. AFSCO also sponsored, in conjunction with the UAV
Battlelab, a demonstration of controlling a UAV from an airborne MC-130 and is
currently working the Sky Tote concept for resupplying special forces in the field.

5.1.4 Joint/Other

USJFCOM, located in Norfolk, VA, is responsible for the Joint Operational Test
Bed System (JOTBS), composed of a Predator system with two aircraft originally used
for TCS development, which is used to explore UAV and C41 interoperability concepts
and procedures that benefit the joint warfighter.

The Office of the Assistant Secretarty of Defense for Command, Control, and
Intelligence’s (OASD(CI)) Joint Technology Center/System Integration Laboratory
(JTC/SIL) was established by the former Defense Airborne Reconnaissance Office
(DARO) in 1996 at the Redstone Arsenal in Huntsville, AL. Its mission is to provide
technical support for virtual prototyping, common software and interfaces, software
verification and wvalidation, interactive user training, and advanced warfighting
experiments (AWEs) for a broad variety of tactical and strategic reconnaissance assets, as
well as C*I systems and interfaces. It has focused on two programs supporting UAVs, the
TCS and the Multiple Unified Simulation Environment (MUSE). MUSE is being used to
explore operational concepts and train for the Army’s Tactical UAV.
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Although neither a joint nor a Defense Department organization, the U.S. Coast
Guard has been very active in exploring potential applications of UAVs to their missions.
Five UAV experiments have been sponsored recently by the Coast Guard Research and
Development Center (RDC) at Groton, CT. These have included alien and drug
interdiction along the Texas coast and in the Caribbean, as well as tests of UAV launch
and recovery systems suspended beneath a parasail as a technique to allow UAV
operations from otherwise non-air-capable cutters. A test of the utility of small UAVs to
locate and identify various types of boats in open water areas has also been conducted.

The Office of the Secretary of Defense’s (OSD) Joint UAV Joint Test and
Evaluation (JUAV-JTE) was chartered in October 2001. This Navy-led Joint Test
Force is based at NAS Fallon, Nevada, and is tasked with developing standardized joint
tactics, techniques and procedures for tactical employment of UAVs in support of
dynamic time sensitive operations. The three-year test will explore various command
and control options for UAVs across Air Interdiction, Fire Support and Personnel
Recovery mission areas. The JUAV Joint Test also functions as an OSD UAV tactics
clearinghouse, working with all the services on cutting edge UAV tactical employment.
Further information can be obtained at www.jte.osd.miljuav.

5.2 Reliability®

The reliability and sustainability of UAVs is vitally important because it underlies
their affordability (an acquisition issue), their mission availability (an operations and
logistics issue), and their acceptance into civil airspace (a regulatory issue). Improved
reliability offers potential savings by reducing maintenance man-hours per flight hour
(MMH/FH) and by decreasing the number of spares and attrition aircraft procured.
Enhancing reliability, however, must be weighed as a trade-off between increased up-
front costs for a given UAV and reduced maintenance costs over the system’s lifetime.

Affordability. The reliability of the Defense Department’s UAVs is closely tied
to their affordability primarily because the Department has come to expect UAVs to be
less expensive than their manned counterparts. This expectation is based on the UAV’s
generally smaller size (currently a savings of some $1500 per pound) and the omission of
those systems needed to support a pilot or aircrew, which can save 3000 to 5000 pounds
in cockpit weight. However, beyond these two measures, other cost saving measures to
enhance affordability begin to impact reliability.

Availability. With the removal of the pilot, the rationale for including the level of
redundancy, or for using man-rated components considered crucial for his safety can go
undefended in UAV design reviews, and may be sacrificed for affordability. Less
redundancy and lower quality components, while making UAVs even cheaper to
produce, mean they become more prone to inflight loss and more dependent on
maintenance, both impacting their availability and ultimately their life cycle cost (LCC).

Acceptance. Finally, improving reliability is key to winning the confidence of the
general public, the acceptance of other aviation constituencies (airlines, general aviation,
business aviation, etc.), and the willingness of the Federal Aviation Administration to
regulate UAV flight. Regulation of UAVs is important because it will provide a legal
basis for them to operate in the National Airspace System for the first time. This, in turn,

* This section is extracted is from OSD’s UAV. Reliability study, released in 2003.
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should lead to their acceptance by international and foreign civil aviation authorities.
Such acceptance will greatly facilitate obtaining overflight and landing privileges when
our larger, endurance UAVs deploy in support of contingencies. Regulation will also save
time and resources within both the DoD and the Federal Aviation Administration (FAA)
by providing one standardized, rapid process for granting flight clearances to replace
today’s cumbersome, lengthy (up to 60 days) authorization process. A third benefit of
regulation is that it will encourage the use of UAVs in civil and commercial applications,
resulting in potentially lower production costs for the military market.

Because the various types of UAVs used by the Services are built by competing
manufacturers, maintained by different branches of the military, and operated in a wide
variety of mission profiles, the type of reliability and maintenance data that is collected,
as well as the methods in which that data is tracked, are not standardized and cannot be
easily used to compare UAV reliability across Service lines. This is underscored in that
the equations used by each Service for determining the various measures of relability for
its UAVs are different. The reliability information collected and maintained for all
Services’ UAVs should be standardized. By not doing so, cross-Service failure trends
can be overlooked or exaggerated.

For ease of comparison, the following four metrics are commonly used to

_ represent aircraft reliability. Every effort has been made to reconcile varying Service and

contractor methods of calculating these metrics to achieve an “apples versus apples”
comparison in Table 5.2-1.

1. Mishap Rate (MR) is the number of accidents occurring per 100,000 hours of fleet
flight time, expressed as mishaps per 100,000 hours. Figure 5.2-2 depicts the
historical MR trend for the Navy Pioneer, Army Hunter, and Air Force Predator.
For comparison, in a recent year, Marine AV-8 Harriers had a Class A mishap rate
of 10.5 per 100,000 hours and Air Force F-16s 3.5. Using the logic that aircraft
mishap rates tend to be inversely proportional to their acquisition costs, current
UAVs still have a reliability gap to close. A Department-wide effort should be
implemented to decrease the annual mishap rate of larger model UAVs to less
than 25 per 100,000 flight hours by FY09 and less than 15 per 100,000 flight
hours by FY1S5 while minimizing system cost growth. For smaller UAVs, the
interplay of the aerodynamics at low Reynolds Numbers (a non-scaling factor
relating altitude, speed, and aircraft size) and flight controls is not well understood.
In this case, flight control insufficiency, vice failure, may be a contributor to small
UAV mishaps. Low Reynolds Number aerodynamics, with a focus on
improving digital flight control systems optimized for small (i.e., having
Reynolds Numbers less than 1 million) UAVs, needs additional investment.

2. Mean Time Between Failure (MTBF), in some cases called Mean Time Between
Mission-Affecting Failure (MTBMAF), is essentially the ratio of hours flown to
the number of maintenance-related cancellations and aborts encountered; it is
expressed in hours.

3. Availability (A) is the number of times a given aircraft type is able to perform its
mission compared to the number of times it is tasked to do so, often measured as
the ratio of hours (or sorties) flown to hours (or sorties) scheduled; it is expressed
as a percentage.
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4. Reliability (R) is one hundred minus the percentage of times a launched mission is
either canceled before take-off or aborted during flight due to maintenance issues;
it is expressed as a percentage.

Availability describes the performance of a system while on standby, and
reliability describes the performance of a system while in operation.

Table 5.2-1 shows the calculated values of these four metrics for the early and current versions of the Pioneer,

Hunter, and Predator.
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TABLE 5.2-1: RELIABILITY METRICS FOR UAVS.
Mishap Rate per | Mishap Rate per
Svstem 100,000 hours* 100,000 hours* MTBF Availability | Reliability
Y (cumulative by (cumulative by (hours) (percent) (percent)
model/series) meodel)
RQ-1A/ Predator 43 32 40 74
32
RQ-1B/ Predator 31 55.1 93 89
RQ-2A/ Pioneer 363 9.1 74 80
334
RQ-2B/ Pioneer 139 286 78 91
RQ-5/Hunter
(pre-1996) 255 n/a n/a n/a
55
RQ-5/Hunter
(post-1996) 16 113 98 82

* Class A mishaps, defined as those resulting in the loss of the aircraft, or a death, or more than $1 million
in damage to the aircraft, are used here.

By late 2002, the three current generation DoD UAV systems — the RQ-1 Predator,
the RQ-2 Pioneer, and the RQ-5 Hunter — had accumulated nearly 100,000 flight hours
over a combined total of 36 years of operations since 1986. The following breakout
(Figure 5.2-2) depicts the primary causes for their combined mishap histories.
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FIGURE 5.2-2: DoD UAV MISHAP CAUSES.

As shown in Figure 5.2-2, three of the areas (flight control systems, propulsion,
and operator training) have historically accounted for 80 percent of UAV reliability
failures. The implication is the overall mishap rate for UAVs could be significantly
reduced by focusing reliability improvement efforts in these areas, which could lead to
appreciable savings by having to procure fewer attrition aircraft. Further savings could
result from decreased line maintenance by substituting more advanced technologies for
existing ones, such as electrical systems for hydraulic ones and digital for analog sensors.
The challenge is to make tradeoffs so the recurring savings of a reliability enhancement
exceeds the nonrecurring investment, as well as the impact of any potential decreases in
performance, incurred in making the enhancement. By focusing on making reliability
improvements in propulsion, flight control systems, and operator training/interfaces, the
potential savings could likely outweigh the cost of incorporating such reliability
enhancements in existing and future UAV designs.
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5.3 Operations and Support

The potential savings in operating and support (O&S) costs offered by UAVs
could become significant. Today’s manned aircraft are flown over 95% (50% for ISR
aircraft) of the time for peacetime training of airborne crews because they must practice
in their environment to maintain their flying proficiency. Remove the airbome crew, and
today’s costly training paradigm requires reexamination. UAV crews could receive the
majority of their training in simulators, making their training and qualification
significantly less expensive in terms of cost and time to qualify. By decoupling flight
training from the number of training aircraft available, larger numbers of UAV operators
may be trained in a given period. More UAV crews would help mitigate today’s low-
density/high-demand operational tempo problem.

While the potential for savings in training is generally acknowledged, the extent
of such savings has not yet been demonstrated. Some level of actual UAV training flying
will be required in peacetime to develop techniques and tactics for cooperative missions
with manned aircraft—perhaps more to train the manned aircraft crews to operate with
UAVs than for the benefit of the UAV crews. Service-unique operating environments,
such as aboard aircraft carriers, will also impact the extent to which savings in training
can be realized. In addition to the operators, the “boxed aircraft” concept poses
significant challenges for training and maintaining a maintenance/logistics support
capability ready to support surge or wartime operations tempos.

A new paradigm for UAV crew training could evolve that more closely parallels
that for recent Navy student pilots using Commercial Off-the-Shelf (COTS) flight
simulator software to supplement their traditional flight training. Actual flights would of
course still support exercises and real world operations (see Figure 5.4-1). However,
more initial training, mission qualification, and proficiency training could be conducted
in simulators, while most of the aircraft remain in storage for months or years at a time.
The DARPA/Air Force UCAV program is exploring this concept by designing the
UCAV to be storable for 10 years or more from production delivery.

Flying Initial Transition Mission Profidency | Continuation Exercises Contingency
Phase Training Training Qual Training Training Training Operations
E”Tsif;’:ff”? UPT RTU Squadron Squadion Squadron RedFlag  |Desert Storm
- T
High . -
Simulated Flight -
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FIGURE 5.3-1: RELATIVE DEMAND IN ACTUAL VS. SIMULATED FLIGHT TRAINING.

While such a “build, store, fly” concept holds promise for reducing UAV
operations and support costs (see Section 6.3.3) over their life cycle, it also contains
several cautions prior to being adopted, to include:

* Even in such a concept, some critical level of maintenance manpower must be
retained to support surge and/or wartime requirements.
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¢ Base infrastructure otherwise not needed to support unmanned operations (altitude
chambers, etc.) must be retained to support global mobility requirements for manned
assets as well.

* Service “train as you fight” doctrines will require unmanned assets to fly training

missions with manned assets to train their aircrews in cooperative tactics, regardless
of the needs of the UAV crews.

5.4 Cooperative UAV Flight

Brig Gen Daniel P. Leaf, commander of the USAF Air Expeditionary Wing at
Aviano, Italy, during Operation Allied Force, identified three capabilities needed by

UAVs to fly safely and effectively with manned aircraft, based on his experience with
both over Kosovo:

¢ Massing — the ability to come together as a formation to overwhelm defenses and
minimize losses;

¢ “Rolexing” ~ the ability to adjust mission timing on the move to compensate for
inevitable changes to plans and still make the time-on-target;

* Situational Awareness (SA) — expanding the soda-straw field of view used by
current UAVs that negatively affects their ability to provide broad SA for
themselves, much less for others in a formation.

Although manned versus unmanned flight was deconflicted by segregated
airspace over Kosovo, the goal of cooperative UAV flight is to conduct operations in
integrated airspace. UAVs will have to communicate and interact with each other and
with manned aircraft to achieve maximum effectiveness. Consequently they will be
required to position themselves when and where needed for optimum use. This
positioning will range from station keeping in wide spread constellations to close
formation with other UAVs and/or manned aircraft to aerial refueling. Such cooperation
will enable survivable penetration of defended airspace and permit time-compressed,
coordinated target attacks. All the Services and DARPA are currently looking at
cooperative flight and have formed the Intelligent Autonomy Working Group to share
results. An initial demonstration of formation flight by two unmanned aircraft is planned
by the DARPA/Air Force X-45 program in Summer 2003, to be followed by aerial
refueling of an unmanned aircraft. The DARPA/Army UCAR program plans to
demonstrate collaboration between multiple aircraft to acquire, identify, and prosecute
targets in 2007-08. The development of the necessary command and control,
communications, sensor and weapon technologies, along with their associated software,
will be central to fielding these breakthrough capabilities. Specifically, the development
of a common air vehicle interface providing critical situational awareness data

including precise location data is a key component for integration of UAVs with
manned systems.
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5.5 Tactical Control System (TCS)

The TCS is an open architecture, common interoperable control system software
for UAVs and supported Command, Control, Communications, Computer, and
Intelligence (C4I) nodes currently in EMD. TCS will provide five scalable levels of
UAV vehicle, sensor, and payload command and control, from receipt of secondary
imagery (Level 1) to full control of the UAV from takeoff to landing (Level 5). It will
also provide dissemination of imagery and data collected from multiple UAVs to a
variety of Service and Joint C41 systems. http://uav.navair navy.mil/tcs
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6.0 Roadmap

This section brings together the requirements and desired capabilities (Section 3)
with emerging technological (Section 4) and operational opportunities (Section 5)in an
effort to stimulate the planning process for Department UAV development over the next
25 years. It attempts, through a limited number of examples, to demonstrate a process for
selecting opportunities for solving selected shortfalls in capability and incorporating these
solutions in Service-planned UAV systems (see Figures 6.1-1 and 6.2-1). Two roadmaps,
one addressing technology-driven capabilities (Section 6.1) and the other operations-
driven missions (Section 6.2), provide guidance for UAV development efforts by the
Services and industry. Subsequent sections analyze the cost of unmanned aircraft
(Section 6.3) and list goals for unmanned aviation to achieve over the next 25 years
(Section 6.4). The key question addressed in this section is: When will the capabilities
required to enable the theater Commanders’ desired requirements become available?

6.1 UAV Capabilities Roadmap

To relate the priorities expressed by the theater Commanders in Section 3 to the
technologies coming available within the next 25 years (Section 4), a number of
capability metrics (see Table 6.1-1) were devised for this Roadmap. They identify
timeframes for anticipating future capabilities to satisfy the warfighters’ requirements.
All references to years are for dates when these capabilities are expected to become
available for fielding based on the forecast trends developed in Section 4 and the
appendices. Some of the capabilities described have already been demonstrated in labs;

others, primarily in the communications and processing areas, will soon be emerging in
commercial applications.

TABLE 6.1-1: OPERATIONAL METRICS.

Availability
Component Requirement  Capability Metrics Timeframe
Platforms Endurance 1. Field a diesel-powered tactical UAV (logistics savings) 2005
2. Achieve 30% increased time-on-station with same fuel load 2010
3. Achieve 40% increased time-on-station with same fuel load 2015
Signature 4. Field a UAV inaudible from 500 to 1000 ft slant range 2004
Payloads Resolution 5. Field a sensor for detecting targets under trees 2007
6. Distinguish facial features (identify individuals) from 4 nm 2005
7. Achieve 3 in SAR resolution over a 10 nm wide swath 2005
8. Achieve 3 in SAR resolution over a 20 nm wide swath 2010
Data Links Data Rate 9. Relay entire COMINT spectrum in real time 2005
10. Relay entire ELINT spectrum in real time 2025+
11. Relay 100-band hyper-spectral imagery in real time 2010
12. Relay 1000-band ultra-spectral imagery in real time 2025+
Information Processor 13. Map surf zone sea mines in near-real-time (<20 min) 2002
Processing Speed 14. Map surf zone sea mines in real time 2016
15. Reduce DTED level 5 data in near-real-time (<20 min) 2009
16. Reduce DTED level 5 data in real time 2022

By bringing together a plot of the predicted appearance of the listed capabilities in
Table 6.1-1 with the timeline of current/planned DoD UAV programs (shown earlier in
Fig. 2.0-1), a roadmap of opportunities for applying emerging capabilities to forthcoming
UAVs is created. This “UAV Capabilities Roadmap” (Fig. 6.1-1) displays 16 such
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opportunities over the next 25 years. The upper half of Figure 6.1-1 plots the predicted
appearance of these 16 capabilities over the next 25 years, with the date of each centered
within a 5-year window of estimated initial availability for fielding. As an example of its
use (see dotted lines on Figure 6.1-1), the information processing speed needed to extract
the presence of sea mines in surf zones in real time from UAV video (some 1.8 THz from
Figure 4.4-2) should become available in 2016, which corresponds to the planned 10C

date for the UCAV-N, making this a reasonable capability to expect in the timeframe of
the UCAV-N’s introduction.
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FIGURE 6.1-1: UAV CAPABILITIES ROADMAP.

6.2 UAV Missions Roadmap

Unmanned aviation has historically been limited to the reconnaissance (Firebee,
Global Hawk) and strike (DASH, Predator) missions. Reconnaissance is now a well-
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established mission for UAVs, complementing manned aircraft in this role. Recently, the
Air Force, the Army, and the Navy have focused separate efforts on developing more
sophisticated UAVs, referred to as UCAVs, dedicated to the strike and SEAD missions.
As evidenced by their DARPA origins, these UCAV programs are attempting to
automate the most human-machine interaction (HMI)-intensive mission in aviation, and,
n so doing, are pushing the technology of UAVs beyond that required for performing
many other missions that they could potentially fulfill. As shown in the “UAV Missions
Roadmap” (Figure 6.2-1), two major ‘families of missions,” one emphasizing payload
capacity and persistence and the other autonomy, survivability, and weapons
employment, need to drive UAV design and development over the next 25 years. A start
in these two directions has been made.

The first family of missions (shown in the upper half of Figure 6.2-1) employs
endurance UAVs as communication relays, SIGINT collectors, tankers, surveillance and
patrol aircraft, and, eventually, airlifters. Design-wise, these roles may use one common
platform or different ones, but they must provide significant payload capacities (power as
well as weight) and endurances greater than 24 hours. The DARPA Adaptive Joint
CA4ISR Node (AJCN), with the potential to deploy a Global Hawk-based communication
relay payload in the 2005-2010 timeframe, represents a first step in the “payload with
persistence” direction for UAVs. From there, the mission similarities of the AJCN and
the Global Hawk imagery reconnaissance UAVs could be combined in an unmanned
SIGINT collection platform, first by transitioning the mission crews (“backend”) of the
Rivet Joint, ARIES II, and Senior Scout aircraft to vans on the ground, followed
eventually by the aircrews. The profile of the SIGINT collection mission, long duration
orbits along the periphery of hostilities, resembles that for aerial refueling but adds the
complexity of manned (receiver) and unmanned (refueler) interaction.  The
surveillance/patrol mission could be transitioned to UAVs in much the same way as for
SIGINT collectors, by first relocating the mission crew to the ground, followed by the
aircrew. Unmanned airlift hinges on overcoming a psychological and a policy barrier,
the former being that of passengers willing to fly on a plane with no aircrew and the latter
on foreign countries allowing access to their airports by robotic aircraft. In all cases, the
technology to fly large robotic aircraft has been demonstrated; NASA flew an unmanned
Boeing 720 in 1985, and Global Hawk routinely navigates around the ground at Edwards
AFB.

The second family of missions (lower half of Figure 6.2-1) for future UAVs
employs them in weapon delivery roles, graduating from electronic warfare to air-to-
ground to air-to-air in complexity. How close to reality are such missions for UAVs? In
addition to the DARPA UCAV programs mentioned previously, the LEWK (see Section
2.3.2) is an ongoing ACTD developing a UAV capability to either jam or destroy hostile
radars then recover for reloading for subsequent sorties. By adding a recovery system to
the latest Tomahawk variant, which features inflight retargeting, current cruise missiles
could be “retargeted” to return home after delivering their ordnance. Progress in the
weapon delivery direction for UAVs, because of the large number of decisions in a short

span inherent in these missions, hinges on development of increasing levels of autonomy
(see Section 4.4).
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MISSION CURRENT AIRCRAFT INTRODUCTION INTO OPERATIONS
Payload with Persistence 2005 2010 2015 2020 2025 2030
Communication Relay ABCCC, TACAMO, ARIA i
Commando Solo
SIGINT Collection Rivet Joint, ARIES Il
Senior Scout, Guardrail i

Maritime Patrol P3 -

}
Aerial Refueling KC-135, KC-10, KC-130 -
Surveillance / Battle Management AWACS, JSTARS
Alrlft C5,C-17, G130
Weapon Delivery
P e N
Strike AV-8,F-117 _

!
integrated Strike/SEAD EA-6B,F-18 -
Counter Air F-14, F-15,F-16 _

i
Integrated Strke/SEADYCounter Alr  F/A-18, F/A-22 _
¢

FIGURE 6.2-1: UAV MiSSIONS ROADMAP.
6.3 Comparative Costs of Manned vs. Unmanned Aircraft

Any full and fair comparison of manned and unmanned aircraft costs must
consider the three phases of any weapon system’s life cycle cost: development,
procurement, and Operating and Support (O&S). Any such comparison should also
ensure equivalency in scenarios and missions are used, but without making one conform
to the other’s tactics or mode of operation. It is not necessary that a single UAV replicate
its manned counterpart’s performance; what matters is whether the UAV can functionally
achieve the same mission objectives more cost effectively.

6.3.1 Development Costs

UAVs have been developed for DoD use through (1) contractor initiatives, (2)
defense acquisition (milestone) programs, and (3) Advanced Concept Technology
Demonstrations, or ACTDs. The shorter ACTD timelines (3-5 years vice a decade or
more) and lessened oversight requirements have provided an alternative means for
several recent UAV programs to rapidly reach Milestone II. The comparisons below
(Table 6.3.1-1) show the adjusted costs to reach first flight, whether for manned or
unmanned aircraft, by traditional or ACTD approach has historically been essentially the

58




UAV Roadmap 2002 - Section 6
Roadmap

same. This is reasonable given that the engineering required to get to first flight is driven

more by aerodynamics (i.e., flight control software development) and propulsion than by
human factors and avionics.

TABLE 6.3-1: MANNED VS. UNMANNED AIRCRAFT DEVELOPMENT COSTS.

Program  First Type of Program/ Cost to
Mission/Aircraft Start Flight Interval  Program Spensor First Flight
(SFY00)
Reconnaissance
U2 Dec 54 Aug 55 8 mos SAP*/CIA $243M
RQ-4/Global Hawk Oct 94 Feb 98 41 ACTD/DARPA $205M
Attack/Strike
F-16 Feb 72 Jan 74 23 DAB*/Air Force $103M
X-45/UCAV Apr98 May 02 49 ATD/DARPA $173M
Reconnaissance, Penetrating
SR-71 Aug 59 Apr62 32 SAP/CIA $915M
D-21 Mar 63 Feb 65 23 SAP/Air Force $174M
Stealth
XS8T/Have Blue (F-117) Nov 75 Dec 77 25 SAP/Air Force $103M
RQ-3/DarkStar Jun 94** Mar 96 21 ACTD/DARPA $134M

*SAP = Special Access Program; DAB = Defense Acquisition Board {(Milestone Process)
**DarkStar built on a classified program activity prior to this contract award date.

6.3.2 Procurement Costs

The aviation industry has long recognized an informal rule, based on historical
experience, that the production cost of an aircraft is directly proportional to its empty
weight (before mission equipment is added). That figure is currently some $1500 per
pound (based on JSF in FY94 dollars). Estimates of the weight attributable to the pilot
(ejection seat, displays, oxygen system, pressurization system, survival equipment,
canopy, etc.) are 3000 Ibs for single seat aircraft and 5000 Ibs for a dual seat cockpit, or
10 to 15 percent of the manned aircraft’s empty weight. The implied savings of $4.5 to
7.5 million, however, must be applied to the “remote cockpit” of the UAV aircrew and
the leasing of its requisite communication links. Conversely, this control station can be
capable of simultaneously flying multiple UAVs, somewhat restoring the advantage in
cost to the unmanned system. Additionally, the control station is a one-time procurement
cost for any number of UAV:s fielded during the life cycle of a particular system.

Because UAVs replace many of the pilot functions with computers, software
development and maintenance become additional “overhead” expenses in procuring
UAVs. Flight critical software costs $500-600 per line of code and mission critical
software $200. A fighter-type digital flight control system may employ over a million
lines of code, requiring a substantial investment solely for a program’s software.

6.3.3 Operations & Support Costs

Merely subtracting out that weight directly attributable to the aircrew being
onboard (i.e., de-manning an existing aircraft type) does not encompass the total savings
offered by a “clean sheet” unmanned design optimized for the same mission. Compare
the DARPA/Air Force/Boeing UCAYV objective system to using present day SEAD/Strike
mission platforms. The UCAV weapon system performance is to be much greater and
have a significantly reduced total life cycle cost. The UCAV is to have a design life of
4,000 hrs, half of which could be spent in combat operations under a form of build, store,
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fly CONOPS. Today’s SEAD/Strike platform will spend 95 percent of its 8,000 hour in-
flight life conducting training sorties, accumulating some 400 hours supporting combat
operations before retirement. The depreciation rate, in terms of dollars per combat hour
flown, of the UCAV is significantly less than that of current platforms, implying that
UCAVs could suffer greater combat loss rates and still be cost effective by the standards
applied to today’s manned fighters. Cost goals for the AF UCAV X-45C program are
currently being updated, and will be available by December 2003.

Seventy percent of non-combat aircraft losses are attributed to human error, and a
large percentage of the remaining losses have this as a contributing factor. Although
aircraft are modified, training emphasized, and procedures changed as a result of these
accidents, the percentage attributed to the operator remains fairly unchanged. Five
factors should combine in unmanned operations to significantly reduce this percentage.

First, UAVs today have demonstrated the ability to operate completely
autonomously from takeoff through roll out after landing; Global Hawk is one example.
Software-based performance, unlike its human counterpart, is guaranteed to be repeatable
when circumstances are repeated. With each UAV accident, the aircraft’s software can
be modified to remedy the situation causing the latest mishap, “learning” the corrective
action indelibly. Although software maturity induces its own errors over time, in the
long-term this process could asymptotically reduce human-error induced losses to near
zero. Losses due to mechanical failures will still occur because no design or
manufacturing process produces perfect parts.

Second, the need to conduct training and proficiency sorties with unmanned
aircraft actually flying could be reduced in the near term with high fidelity simulators.
Such simulations could become indistinguishable from actual sorties to the UAV operator
with the use of virtual reality-based simulators, explored by AFRL, and physiologically-
based technology, like the Tactile Situation Awareness System (TSAS). The Navy
Aerospace Medical Research Laboratory (NAMRL) developed TSAS to reduce operator
saturation by visual information. It has been tested in various manned aircraft and has
potential applicability for UAV operators. The system uses a vest with air-actuated
tactors to tap the user in the direction of drift, gravity, roll, etc.; the tempo of the tapping
indicates the rate of drift. Results have shown that use of the TSAS increases operator
situational awareness and reduces workload.

Third, the UAV control stations could double as simulators, eliminating the
expense of developing and maintaining separate simulators, as is the case for manned
aircraft.

Fourth, with such simulators, the level of flying training required by UAVs can be
reduced, resulting in reduced maintenance hours, fewer aircraft losses, and lowered
attrition expenditures. Of 265 total U.S. F-16 losses to date, 4 have been in combat and
the rest (98 percent) in training accidents. While some level of actual UAV flying will be
required to train manned aircraft crews in executing cooperative missions with UAVs, a
substantial reduction in peacetime UAV attrition losses can probably be achieved.

Fifth, continuing with the F-16 as an example, 1.5 percent of the F-16 fleet’s
maintenance man-hours in FY02 were for maintenance actions related to maintaining
aircrew-unique items, such as canopies, ejection seats, oxygen systems, cockpit
instruments, and survival equipment. These maintenance actions accounted for 1.6
percent of the F-16s total not mission capable (TNMC) time in 2002. The cost
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associated with maintaining these items (83, 300 hours of maintenance labor in this one
case) will be saved in UAVs.

6.4 Goals for Unmanned Aviation

The following capability, cost, and standardization goals for unmanned aviation
are a consolidation of those identified within the previous text and the following
appendices. Bolded goals have priority and have been assigned a Service or Defense
Agency as an Office of Primary Responsibility (OPR) to oversee their accomplishment
and a due date. These goals are consistent with the current Defense Planning Guidance
(DPG) and will be further refined in the upcoming cycle. In some cases, goals addressed
in this document have been directly cited in the DPG, such as the direction for
development and demonstration of Unmanned Combat Air Vehicles. In many other
cases the goals to follow are at a detail level below that appropriate to the DPG. The
DPG will always take precedence, however this document will be used to provide
additional definition and direction for UAV and UCAV technology areas. These goals
should be considered directive, and OSD, in conjunction with the Services and Defense
Agencies will strive to develop, demonstrate, and operationally assess these capabilities
in the timeframes indicated. Progress reports on each goal will be submitted by the
respective OPRs during the first quarter of each fiscal year.

6.4.1 Platform Goals

1. Develop and operationally assess for potential fielding a UCAV capable of
performing several missions including SEAD/Strike/Electronic Attack;
emphasize early fielding of an EA capability with growth to other missions.
OPR: UCAYV Joint Program Office (DARPA, USN, USAF). Due: FY10.

2. Develop and demonstrate a tactical UAV-class aviation heavy fuel engine
suitable for use in UAVs such as Shadow, Pioneer and A-160. Growth potential
to larger UAVs in the Predator class including Extended Range Multi-Purpose
and LEWK, and options for the small UAV class are also required. OPR:
DARPA, USA, USN/USMC. Due: FY05/07.

3. Demonstrate a fuel cell propulsion system suitable for use on tactical UAVs
delivering 30 kW (40 hp) with a mass specific power of 0.746 kW/Ib or better.

4. OSD, Joint Staff, and the Services should develop capability and/or capability-
performance metrics (such as those in Section 4.1) to evaluate UAV program
costs. Program managers should provide Joint Staff and OSD written
justification at Milestone B and C reviews when these metrics are exceeded, and
provide appropriate management organizations with options for reducing costs
to align costs with these metrics when this occurs. OPR: OSD. Due: FY03.

5. Reduce wing and fuselage costs through incorporation of state of the art commercial
composite molding technology.

6. Develop technology solutions for a persistent, anti-access UAV system.

6.4.2 Sensor Goals

7. Demonstrate High Definition Television (HDTV) capability with real-time
precision targeting capability on a UAV. OPR: NIMA, USN, USAF. Due: FY05.

61




UAV Roadmap 2002 - Section 6
Roadmap

8. Develop a tactical UAV-compatible capability to detect one single tank
(threshold)/one heavy machine gun (objective) concealed under trees.

6.4.3 Communication Goals

9. Migrate all tactical (Shadow 200) and above UAVs to Common Data Link
(CDL)-compatible formats for LOS and BLOS communication by FY06. OPR:
USAF, USN, USA. Due: FY06.

10. Standardize on a means to ensure larger UAVs’ data link security costing no more
than 20 percent (threshold)/10 percent (goal) of the equivalent unsecure data link’s
price by FY08. ‘

11. Implement Tactical Common Data Link (TCDL) Ku-band in 2003 for Shadow 200.

12. Integrate a TCDL capability for LOS use for Predator in lieu of the current C-Band
LOS data link. .

13. Evaluate, and if feasible for Predator environment, integrate a Ka-band terminal on
the Predator for use with the Wideband Gapfiller System (WGS); complete
evaluation in FY04, fund installation in FY05, and demonstrate in FY06.

14. Integrate a Demand Assigned Multiple Access (DAMA) voice and secure voice
capability for Global Hawk by FY05.

15. Integrate the capability to transmit command and control data over the Extended
Tether Program (ETP) sensor data link for Global Hawk by FY04.

16. Add to the ETP ground structure to support the accelerated fielding of Global Hawk.

17. Develop the NSSA-recommended Airborne Communication Network with UAV-
mounted L- or S-band payloads providing wideband data and narrowband voice/data
for broadcast, multicast, and point-to-point communication.

6.4.4 Technology Goals

18. Develop and demonstrate conformal wideband data link apertures with equal

(threshold)/SO percent greater (goal) gain than current steerable dish antennas on
Predator and Global Hawk.

19. Develop a directed energy weapon system compatible with Predator B-size UAVs.
6.4.5 Small UAV Goals

20. Investigate low Reynolds Number aerodynamics with a focus on improving
digital flight control systems optimized for small UAVs (i.e., those having
Reynolds Numbers less than 1 million). OPR: USA, USN, USAF. Due: FY06.

6.4.6 Standards Goals

21. Define a standard UAV interface providing critical situational awareness data
including precise location data. OPR: OSD, USJFCOM. Due: FY04.

22. Standardize on a common UAV mission planning architecture by FY05.

23. Develop standards to maximize interoperability within each class of UAV and to
maintain an appropriate degree of interoperability between classes of UAVs.

24. Integrate joint UAV interoperability goals/assessment objectives from the USJFCOM
JOTBS Strategic Plan into Service UAV Tactics, Techniques, and Procedures.

62




UAV Roadmap 2002 - Section 6
Roadmap

6.4.7 Airspace Goals

25. Coordinate revising FAA Order 7610.4 to replace the requirement for using the
COA process for all UAVs with one for using the DD175 form for qualifying
UAVs. OPR: USAF. Due: FY03. ‘

26. Work with the FAA to define appropriate conditions and requirements under which a
single pilot would be allowed to control multiple (up to four) airborne UAVs
simultaneously.

27. Document and disseminate any UAV-unique lessons leamed from certifying the RQ-
4 Global Hawk as airworthy by means of the OSS&E process. Formal documentation
as a DoD Instruction for guiding future ROA airworthiness certifications should be
considered.

28. Establish a joint program, or designate a joint office, for developing and evaluating
automated see-and-avoid and collision avoidance systems.

29. Equip DoD UAVs intended for Instrument Flight Rules (IFR) operations with a

stand-alone, hot backup, ground-based navigation system and establish a standardized
lost link procedure.

6.4.8 Task/Process/Post/Use Goals

30. Develop decision aids that enable automated machine-to-machine cross cueing.

31. Allocate sufficient funds to develop the necessary hardware, software, standards,
procedures, and practices to make multi-level security possible.

32. Determine who has the authority and responsibility to mandate standards, procedures,
and practices concerning multi-level security from disparate sensors/sources.

33. Develop training programs for newly assigned and current personnel in the use of
new UAV sensors and exploitation techniques and equipment.

34. Fund for new exploitation software required by the introduction and upgrade of UAV
sensors and exploitation platforms.

35. Maintain the current funding level for mensuration/positioning software.

36. Develop a common sensor tasking standard for all DCGSs to task all UAV sensors.

37. Establish a joint program office to develop automated decision systems to aid in the
exploitation, fusion, and evaluation of multiple intelligence data.

38. Develop software that will allow sensors to automatically cross-cue one another on-
board in real time.

39. Develop a scheme, using standard formats, messages, and products, by which an
operator can easily and quickly find and retrieve both products and raw data.

6.4.9 Weaponization Goals

40. Define and implement security measures required for positive control of
weapons employment on weaponized UAVs, OPR: USAF. Due: FY08.

41. Demonstrate equivalent Py for a 2501b Small Diameter Bomb (SDB) comparable to
that of a 500 Ib Joint Direct Attack Munition (JDAM).
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6.4.10 Reliability Goals

42. Decrease the annual mishap rate of larger model UAVs to less than 20 per
100,000 flight hours by FY09 and less than 15 per 100,000 flight hours by FY15.
OPR: USAF, USN, and USA. Due: FY09/15.

43. Standardize the data collected and the metrics used for reporting UAV reliability and
availability across all Services. ‘

44. Perform a cost-benefit trade study for incorporating/retrofitting some or all of the
planned Predator B’s reliability enhancements into production Predator A models.

45. Perform cost-benefit trades for low and high level COTS approaches (see Table J3) to
improve reliability for each fielded UAV design.

46. Review industry Reliability Specifications Standards for applicability to UAV design.

47. Incorporate the emerging technologies identified in Table J3 into the Defense
Technology Objectives and the Defense Technology Area Plan.

48. Incorporate and/or develop all-weather practices into future UAV designs

49. Investigate the potential role of advanced materials and structures for enhancing UAV
reliability and availability.

6.5 Future Directions

Although this roadmap is specifically focused on the Department’s UAV
development and fielding efforts, a much large perspective is emerging requiring a
guiding document similar to the UAV roadmap. This larger perspective is encompassed
by all Unmanned Systems (USs), whether UAVs, Unmanned Ground Vehicles (UGVs),
or Unmanned Surface and Undersea Vehicles (USVs and UUVs). This family of
emerging technology and capability shares many similar attributes and will in all
likelihood operate in close coordination, even as a team. Many of the efforts within the
UAV realm have equal interest and application for other USs within the Department. To
facilitate coordinated future development of technologies and common operational issues,
related US roadmap documents are posted at the following locations:

UGVs are addressed in the Joint Robotics Master Plan at
http://www.jointrobotics.com/activities_new/masterplan.shtml

UUVs are addressed in the Navy UUV Master Plan at
http://www.onr.navy.mil/02/baa/baa01_012/pip/uuvmp.pdf

The requirement for interoperability among UAVs is equally important for
between UAVs and manned systems as well as other US types. The need for a UAV to
communicate and interact with a UGV is not far off. The Army’s Future Combat System
(FCS) program is exploring such concepts. In all likelihood, future UUVs may
themselves deploy UAVs to extend their capabilities and improve overall system
performance. Small UAVs that become unattended ground sensors will blur the
distinction between the classes of USs. These simple examples argue that, to the
maximum extent possible, the common UAV vehicle interface now in development
should be investigated for applicability to other USs. The ultimate goal is seamless
integration into the battlespace of humans and unmanned, UAV or otherwise, systems.
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Broad efforts to establish and expand interoperability and standardization will
support overall US interoperability. Global Information Grid initiatives will establish
communications standards and provide infrastructure and components to support
network-centric sharing of data among platforms. Joint Command and Control interfaces
will provide standard message sets and procedures for exchange of situational awareness
and taskings among US platforms. ISR and other application specific data and product
standards will further support the exchange of relevant information, with horizontal
fusion initiatives in particular providing a major multiplier effect through a coordinated
application of resources across diverse platforms. US developers must engage and build
upon these broader efforts to provide the greatest level of interoperability, as required to
support unified operations.

Several ongoing service and industry activities are specifically focused on US
interoperability. For example, the Joint Robotics Program (JRP) is focusing on the
technology required to enable tightly coupled UAV and UGV assets to deliver a
significant portion of the warfighting capability envisioned for the Army’s FCS. The JRP
has established a working group and produced a draft Joint Architecture for Unmanned
Systems (JAUS). Initially developed to support ground systems, the JAUS architecture
has been expanded to extend across the full spectrum of USs. Several DARPA ACTDs
and ATDs are focusing on the integration of UGVs and UAVs. The
ASD(C3I)/USJFCOM UAY Interoperability IPT is reviewing existing interface standards
developed for manned and unmanned systems, to include ground, space, surface, and
underwater systems, to identify shortfalls that must be addressed by additional standards
to support required and projected levels of interoperability. In general, efforts to
integrate across the US domain to date have been very limited.

The Department is taking a much broader view of the entire unmanned systems
landscape and the opportunities that exist for military transformation. Clearly this is a

technology realm that is difficult to predict. However, several overarching concepts seem
to appear.

1. Integration within unmanned systems (and with manned systems) will be high,
necessitating a greater degree of interoperability from the outset, not added later
as an afterthought.

2. The trade space between capability and cost will become much greater, offering a
wider range of options, but producing much more complex and integrated
systems, challenging our current “platform” focus on weapons acquisition.

3. USs may be grouped more by technology, and less by traditional classifications;
1.e. small UAVs may have more in common with UGVs than with larger UAVs

4. USs needs a roadmap to focus development and employment and maintain critical
interfaces with both manned and other unmanned systems.

It is the goal of the Department to develop a broad US roadmap that serves as an
umbrella document covering all US roadmaps, including this document, to assure
appropriate interfaces are maintained. This will be a challenge. - However, to do
otherwise squanders a tremendous opportunity to transform the United States military
capability to allow more precise, lethal, and rapid employment of force with reduced risk
to humans at lower acquisition and sustainment costs.
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Appendix A: Platforms
Overview

The UAV platform is the most apparent component of a modern UAV system and
in most cases can be considered the “truck” for the payload. Platforms can vary in size
and shape from the micro with a wing span of 6 inches, to the behemoth with a wing span
of 114 feet. The platform must be able to accommodate all the requirements, e.g. size,
weight, and power, of the payload(s). The platform must also be designed with the
- capabilities required for the environment in which it will operate. Speed, endurance,
signature, survivability and affordability are factored together to provide an integrated
solution to meet mission requirements. While the platform is the most apparent
component of a UAV system, in the broad perspective, air vehicles will become less of a
long-term sustainable resource. Replacement of platforms within the larger UAV system
can be expected to increase as more emphasis is placed on spiral acquisition and
integrated capabilities. It is unlikely that sustainment of many UAV airframes for more
than a few decades will be cost effective.

This appendix first considers UAV platform missions and capabilities current and
planned. Secondly, this appendix examines critical technology areas that are considered

enablers toward making platforms more suitable and effective. Finally, OSD goals for
platforms will be addressed.

Missions

Intelligence, Surveillance and Reconnaissance (ISR). A variety of platforms
provide the U.S. with a wide and diverse ISR collection capability. Space, surface and
airborne platforms provide a synergistic and redundant system collection capability that
feeds both National and Service Intelligence systems. Airbome systems are one of the
primary sources of ISR capabilities available to support a broad range of information
requirements. These airbome systems, both manned and unmanned have varying, but
complementary, operating characteristics and UAV systems are capturing an ever
increasing segment of this mission area. UAVs are a key component within a larger ISR
architecture as they are ideal platforms to carry a wide variety of sensors and other
payload systems without risk to aircrews for extended flight durations. UAVs provide a
wide range of platform capabilities making them ideally suited to many ISR missions.
Depending on the specific mission requirements, capabilities such as endurance, altitude,
size, survivability, and cost can be optimized to provide capabilities that are not possible
with any other collection means. Additionally all UAV’s eliminate the human risk of
exposure to air defense and counter air threats. Furthermore, UAVs are highly immune
to contaminated conditions which would pose a risk to aircrews.

a. Stand-off: During peacetime, the majority of airbome ISR missions are
accomplished using standoff techniques. The standoff mode is also used during
military operations when the risk is too great to expose platforms to a high
probability of loss, or political sensitivities mandate constraint. In this instance,
UAYV design needs to reflect the attributes of high altitude and long endurance;
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high altitude to maximize the sensor range and long endurance to maximize time-
on-station. Typical collection capability for this operational concept is still
imagery, both SAR and EO/IR/Multi-Spectral Imagery(MSI)/Hyperpectral
Imagery (HSI), Signals Intelligence, and other less frequent collections including
atmospheric sampling. The UAV design must also have the ability to carry the
required payload to altitude and the propulsion system must have the capacity to
generate both air-vehicle flight and electricity necessary to support the payloads.
b. Overflight: There are some cases where over-flight for collection purposes is
required. This can occur during peacetime where political conditions support
such missions such as peacekeeping or in combat where a sufficient reduction in
hostile air defenses has occurred. Typical UAV design for operations at in these
scenarios vary considerably but generally require extended endurance, multiple
operating attitudes to support broad collection capability, streaming video and
very high resolution imagery for positive target identification. As with the high
altitude platform, payload, and electrical output are generally attributes to be
maximized. Additionally, because weather conditions will be encountered at
some of these altitudes, the UAV design must support operation in all types of
weather especially icing conditions.
¢. Denied Access: In limited cases, access to denied areas is required to support
combat or national requirements. Generally this is achieved with national
collectors; however it is advantageous to have an airbome penetrating capability
to prevent an adversary from denying collection of overhead assets based on the
predictable nature of orbiting systems. These capabilities have been embodied in
manned platforms, most notably the U-2 and SR-71 systems although many other
| manned platforms of various types have been used on occasion. Clearly the
| disadvantage of manned platforms in a denied access collection role is the high
potential for loss of the aircraft and crew, and failure of the mission. UAV’s are
ideally suited to this mission area and have served as collectors in the past, e.g.
the D-21 and AQM-34 Firebee drones. More recently, the Darkstar UAV system
was also designed to operate in this environment. Platform attributes of reduced
| signature, extended endurance, speed, sensor support including reduced signature
| apertures and operating modes are requirements for this mission area.

Strike/SEAD. Recent action in Operation Enduring Freedom has shown the
value of arming UAVs. The addition of lightweight weapons to the long endurance
Predator vehicle made possible rapid reaction to detected targets of opportunity. The
armed Predator’s mission could arguably be termed Armed Reconnaissance, as it played
more upon the surveillance capability of the UAV than upon its weapons prowess.

As opposed to the Armed Reconnaissance mission, the SEAD and strike missions
make new demands upon UAV developers. Performance of SEAD and strike will
demand a more robust capability in terms of weapons load and survivability. These
missions require the development of a true Unmanned Combat Air Vehicle (UCAV).

The UCAYV brings several unmanned vehicle attributes that are attractive for the
SEAD and strike missions when compared to manned assets:

1. Eliminate risk of loss life of an air crew.




Rl o

UAV Roadmap 2002 - Appendix A
Platforms

Potential for greater survivability.

Greater endurance for persistence over the target area.
New CONOPS enabled by the use of unmanned systems.
Reduced acquisition & support cost.

In addition, the UCAV brings several challenges:

6.

7.

10.

Rules of Engagement considerations that may require the intervention of a human
operator.

The prosecution of advanced Integrated Air Defense Systems (IADS) and time
critical targets through as yet unperfected Automatic Targeting and Engagement
Process or by a human operator outside the vehicle.

The integration, interoperability, and information assurance required to support
mixed manned/unmanned force operations.

Secure, robust communications capability, advanced cognitive decision aids and
mission planning.

Adaptive autonomous operations and coordinated multi-vehicle flight.

Strike: A strike mission may be against a heavily or a lightly defended target. The
level of threat determines which UAYV attribute is most influential in the argument
for filling the mission need with an unmanned asset. In either case, if the level of
activity rises above the occasional need to hold a very few lightly defended
targets as risk, a dedicated UCAV vice a lightly armed conventional UAV is
required to perform the mission. The target threat level will largely determine the
UCAYV platform characteristics; although in some cases a compromise between
multiple design drivers may be found.

UCAVs will be used against heavily defended targets for two reasons.
First, an unmanned air vehicle can theoretically achieve levels of survivability
that manned aircraft cannot. Signature control without the need for human
caretaking becomes less difficult, and maneuverability can be increased beyond
human tolerances should that be required to enhance survivability. The design
driver for this case is survivability, however it is achieved. Secondly, should
survivability measures fail, the use of a UCAV removes the risk of losing a
human life. Arguably, the strongest argument for UCAYV is this ability to offer a
risk-free use of force.

For lightly defended targets, the argument for use of a UCAV shifts to the
cost of conducting warfare. There are predictions of significant reductions in
procurement, operations, and support costs for UAVs over manned aircraft. If
these predictions are correct, the cost effectiveness in the strike mission will
depend largely upon payload capacity as compared to manned strike assets.
Weapons payload type and weight then becomes the driving design factor in this
case. It should be noted, however, that a UCAV of sufficient size to be cost
effective in the lightly armed case would probably not be a low cost UAV
solution. In the higher range of UCAV costs, it would make sense that the vehicle
have enhanced survivability features and be effective against heavily defended as
well as lightly defended targets.
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If a UCAV is to reduce the numbers of manned strike assets required, it

will have to offer a robust weapons mix and a payload capacity similar to that of
manned strike assets, however at much reduced operational and support costs. In
addition, compatibility with the existing and planned weapons inventory for
manned strike aircraft will be essential to keep overall armament development
and support costs low.
. SEAD: SEAD may be analyzed as two different types of missions. The first is
pre-emptive SEAD in which a pathway is cleared by pre-emptive destruction of
enemy defenses prior to the ingress of strike aircraft. The other type is reactive
SEAD, in which the SEAD asset must react rapidly to enemy air defenses during
the execution of a strike. The SEAD mission implies a somewhat capable enemy.
Since closing that enemy will be required (as described below), the survivability
of the vehicle must be assured through speed, stealth technology, high
maneuverability or a combination of all three.

Execution of the both the pre-emptive and the reactive SEAD mission
mmply several critical design criteria for the UCAV platform and mission control
system:

Mission reliability must be extremely high, as manned assets will depend upon
the UCAV for protection.

Extensive Bomb Hit Assessment will be required so that operational
commanders can properly determine whether strike “go/no-go/continue” criteria
have been met.

A pre-emptive SEAD mission is a strike mission with the addition of the
following complication: the target can always shoot back. For modern threats this
usually means that the UCAV must successfully get weapons through a
substantial engagement envelope. This can be accomplished by designing a
stealthy UCAV that reduces the normal “threat ring” (range at which the enemy
defenses are effective) to a much smaller range that allows the employment of
direct attack (short range) munitions. Conversely, the UCAV may employ stand-
off weapons that do not require penetration of the enemy air defense system’s
effective range.

The use of direct attack munitions instead of more expensive stand-off
weapons is a major driver in cost savings.

If stand-off weapons are utilized, the problem of target identification, location
and BDA may still require the penetration of the threat system’s engagement
envelope.

Execution of the reactive SEAD mission implies further design criteria:

* Enemy defensive systems operations must be detected rapidly.

* Reaction time from detection to neutralization of the enemy defenses must
be very short.

e When using Electronic Attack (EA) to neutralize defenses in support of
manned strike forces it will be critical for the UCAV to be within
sufficiently short range to be effective. A trade-off between EA
effectiveness and survivability needs to be fully understood.
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e When using weapons to neutralize defenses, the time of flight of the
weapon must be reduced by the ability to stand in close to the target
system (high survivability) or by the use of a high-speed weapon.

Robust, anti-jam, data-links are required.

Reactive SEAD will require low latency human interaction with the
system — or high autonomy within the system for determination of ROE
criteria.

¢ Reactive SEAD implies the integration of manned and unmanned aircraft
in a single strike event.

Summary: The era of UCAV contribution to SEAD and strike missions is just
dawning. Their availability will add new options in the application of force, and
promises to reduce the cost of our armed forces. It should be noted, however, that for the
foreseeable future UCAVs are not a complete replacement for manned aircraft. A UCAV
can bring enhancements to mission capability (e.g. risk-free close approach to heavily
defended targets) but will continue to only satisfy a portion of the many missions strike
assets cover. Close Air Support is an example of one such area. The use of a UCAV to
deliver ordnance in very close proximity to friendly forces will face technical and culture
barriers that imply at least in the short-term, that manned aircraft programs must
continue. There will, however, be an impact on the total numbers of manned systems that
must be acquired. ;

Electronic Attack. EA is the use of electromagnetic energy to confuse or disable
threat defensive systems. Several attributes make the use of unmanned vehicles for the
EA mission attractive. First, an unmanned air vehicle can theoretically achieve levels of
survivability that manned aircraft cannot. Signature control without the need for human
caretaking becomes less difficult. In addition, maneuverability could be increased
beyond human tolerances to enhance survivability. Secondly, should survivability
measures fail, the use of an unmanned system removes the risk of losing human life.
Arguably, the strongest argument for UCAV is this ability to offer a risk-free use of
force. Many challenges remain for developers and tacticians, but the Electronic Attack
(EA) mission is being considered for both the Air Force and Navy Unmanned Combat
Air Vehicles. EA concepts of employment are still being developed, and may include
Jamming or employment of expendables from the UCAV.

In developing unmanned systems for the EA mission, the following unmanned
vehicle attributes are being considered:

e The ability to build a very stealthy unmanned vehicle could mean closer
approaches targeted systems, requiring less radiated power to complete the EA
mission and the ability to detect and exploit much lower levels of targeted system
radiation.

* Pre-planned EA in which the targeted system is known and the planned attack is
simple lends itself well to a pre-programmed unmanned system. In some cases
reaction time may be improved over manned systems.

o The potential use of higher power Directed Energy (DE) weapons or
Electromagnetic Pulse (EMP) weapons in future EA missions argues for the use
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of an unmanned platform, since the weapon may pose a significant risk to the
delivery vehicle and crew as well as the target.

Unmanned systems offer potential savings in acquisition & support costs.
The use of unmanned systems in the EA mission also brings several challenges:

The unmanned system is more dependent upon outside communications than
manned systems. Self-jamming (interference with command and control
communications by electronic attack emissions) could limit the ability to change
the unmanned systems’ planned mission once the electronic attack has begun.
The potential for self-jamming and increased vulnerability due to a dependence
upon communications mean a great degree of autonomy will be required in the
unmanned EA system.
A manned EA aircraft provides the ability for a trained crew to evaluate large
amounts of tactical data on the threat environment and to change the mission plan
as required for strike support. The appearance of previously unknown threat
defensive system modes, frequencies, or tactics may only be detected by the
human operator’s ability to recognize patterns in the context of previous
experience — a very difficult and as yet undeveloped ability for autonomous
systems. :
- Without the development of autonomous EA operating capability, the
- transmission of large amounts of data describing the tactical environment
must be provided to remote human operators in real time. These large
transmissions would be limited by available bandwidth and self-jamming and
could increase the unmanned system’s vulnerability.
A signature-controlled vehicle loses the advantage of stealth when radiating.
“Home On Jam” threat systems could put the unmanned EA vehicle at risk.

Execution of the Electronic Attack mission implies several critical design criteria

and questions for the unmanned platform and mission control system:

L]

Mission reliability must be extremely high, as manned assets will depend upon

the UCAV for protection.

The trade-off between effective apertures for the radiation of jamming electronic

energy will have to be balanced against the negative impact on the signature and

survivability of the unmanned system.

The EA mission will require a highly autonomous system that can operate and

handle vehicle-related and mission-related contingencies while unable to

communicate with the mission control system (due to self-jamming and covert

operations). ‘

Reaction time from detection to neutralization of the enemy defenses must be

very short.

- Enemy defensive system operations must be detected and countered rapidly.

-  When using Electronic Attack (EA) to neutralize defenses in support of
manned strike forces it will be critical for the UCAV to be within sufficiently
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short range to be effective. A trade-off between EA effectiveness and
survivability needs to fully explored.
¢ The EA mission implies the integration of manned and unmanned aircraft in a
single strike event.
Robust, anti-jam data links are required.

The amount of energy required for effective Electronic Attack is large unless the
delivery platform is in very close proximity. The ability to generate this large
amount of power could drive up vehicle size and cost. In addition, a vehicle small
enough to be unobserved in close proximity to the target may not have the
mobility (speed and range) to close the target or to persist in the target area for a
sufficient amount of time. These considerations argue for the use of expendable

jammers from unmanned vehicles as one means of delivering low cost EA
performance.

Summary: The Department of Defense is beginning the development of
unmanned EA missions. Initial study indicates that there are both significant potential
unmanned system strengths and significant challenges to be overcome for this mission.
New unmanned systems will add new options in the application of force, and promises to
both reduce the cost of our armed forces and to decrease the risk of friendly losses. It
should be noted, however, that unmanned EA systems are not a complete replacement for
manned EA aircraft. An unmanned EA vehicle can bring enhancements to mission
capability (e.g. risk-free close approach to heavily defended targets) but will not have the
autonomy required to completely replace manned systems in the foreseeable future.

Communications Node/Data Relay. To perform the communications relay
mission, the UAV platform must have a capability of extremely long endurance, high
altitude, and generate adequate power. It will provide an airbomne augmentation to
current tactical and operational organic ground relevant frequencies both beyond line-of-
sight and line-of-sight retransmission capability. Support of the communications relay
mission will require continuous Line-of-Sight/Non-Line-of-Site/Beyond the Line-of-
Sight (LOS/NLOS/BLOS) coverage in a 24-hour period.

The UAV should relay VHF/UHF BLOS for battlefield communications (to
include helicopter operations) and remote sensor data. Communications relay must
support extended range operations with a communications on the move capability for
ground forces. These payloads for extended periods of time ideally should be small
enough to be permanently mounted on each UAV. In the near-term, however, they will
have to fit within the available payload capacity of the UAV. Platforms should
incorporate a robust antenna and power suite to facilitate rapid payload reconfiguration
and integrate advanced technology as it becomes available. Communications relay
payloads should be constructed in modules that contain specific communications
capabilities that can be added or removed without affecting the remainder of the payload.
The payload must be interoperable with other UAV communications payloads at all
echelons.

While functioning on board the UAV, communications relay will provide BLOS
for Single Channel Ground and Airborne Radio System (SINCGARS) and Enhanced
Position Location Reporting System (EPLRS) radios, as well as remote sensors. The
remote sensor relay can be either through the Communications/Data Relay equipment, or,
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objectively, through the CDL. These payloads will be capable of autonomous preplanned
operations or of being dynamically reprogrammed during a mission.

The platform will provide BLOS relay for battlefield communications to include
legacy Army Common User System (ACUS), Tactical Internet (TT) systems, and future
Warfighter Information Network - Tactical (WIN-T). The system must be compatible
with the Warfighter Information Network for a Joint Task Force operating in a specified
theater of operations as provided for in the WIN-T ORD (objective). This capability will
support interim and objective force extended battlespace operations with a command and
control on-the-move (C20TM) capability. These payloads will be fully interoperable
with the emerging Joint Tactical Radio System (JTRS) compliant waveforms. The TI
range extension payload will be interoperable with tactical communications relay
payloads. Platforms must be capable of supporting ACN ground based subscribers at
some capability in the absence of Global Hawk equipped platforms.

The platform will be capable of relaying VHF and UHF radio voice/data
communications (secure during wartime) from the control station via CDL through the
platform to Air Traffic Control (ATC)/Air Traffic Service (ATS) agencies, Airborne
Waming and Control System (AWACS), Airborne Communications Network (ABCCQC)
and other manned or unmanned aircraft (threshold). These systems must be operable
from the controlling station to include the ability to change radio frequencies.

The platform will be capable of relaying VHF-AM radio voice communications
using an International Civil Aviation Organization (ICAO) Standard And Recommended
Procedures (SARPs) compliant radio operating with 8.33 kHz channel spacing from the
Control Station to airspace controller communication (threshold).

Critical Platforms Technologies

Propulsion.

a. Integrated High Performance Turbine Engine (IHPTET) Program: Unmanned
Aerial Vehicles (UAVs) are rapidly being developed for eventual integration into
the Army, Navy and Air Force fleets. Today’s battlefield contains air vehicles
that have two classes of turbine engines: 1) man-rated for manned platforms and
2) expendables for cruise missiles. UAV service has brought about a third
limited-life class, which must support the unique role of UAVs. The current
development of systems such as Global Hawk and UCAV, which occupy ISR,
SEAD and deep strike missions, have shown that existing “off-the-shelf”
propulsion systems are placed under such heavy demands that mission capability
and operational utility can be severely limited. Future UAVs will address combat
scenarios and are projected to require even greater demands for better fuel
consumption, thrust, power extraction, cost, and distortion tolerance. The
Integrated High Performance Turbine Engine (IHPTET) program is a joint
service, NASA, DARPA and industry initiative began in 1987, is a three-phase
program with goals of doubling propulsion capability. IHPTET is a National
program, and is the comerstone of U.S. military turbine engine technology
development. One of the three THPTET classes of engines is the Joint
Expendable Turbine Engine Concept (JETEC) program, a joint Air Force/Navy
effort, will demonstrate several key UAV-applicable technologies including
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advanced aerodynamics, lubeless bearings, high-temp low cost hot sections, and
low-cost manufacturing techniques. Using data from laboratory research, trade
studies, and existing systems, the payoffs/tradeoffs for each of the critical

technologies will be analyzed in terms of engine performance, cost, and
storability.
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FIGURE A-2: JETEC COST GOAL IN COMPARISON TO EXISTING SYSTEMS. CLEARLY,
INNOVATIVE, LOW-COST DESIGN AND MANUFACTURING TECHNIQUES MUST BE DEVELOPED TO
EET THIS GOAL.

Reducing production and development costs may be the most critical
effort for UAV engine designers. These reductions can be achieved through
various means such as advancements in manufacturing techniques, unique
component designs, and multi-use applicability. ~Advanced manufacturing
techniques can greatly reduce tooling cost and fabrication time. For example,
resin-transfer molding for OMC components can reduce production cost up to
40% over conventional lay-up techniques. JETEC is pursuing this and several
other fabrication concepts including gang milling, high-speed milling, bonded
castings, bonded disks, metal-injected moldings and inertial welding.

Unique component designs must be pursued to allow UAV engines to
provide a high level of sophistication while minimizing cost. Since part count is a
major determinant of production cost, design features such as drum
turbomachinery, slinger combustors, threaded casings, and integral blisks can
reduce part count by an order of magnitude. Low cost seals such as brush and
finger designs have shown great promise for replacing large, expensive labyrinth-
type seals.

Development costs can inhibit a buyer from pursing a new engine design.
This leaves only off-the-shelf systems that typically have less than optimal
performance and/or cost for UAVs. These penalties can come in the form of
increased maintenance, decreased range or speed, increased production costs, or
decreased low observable (LO). To counter this and minimize development costs,
industry must examine multi-use concepts where a common-core can be
incorporated into UAV and commercial propulsion systems such as general
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aviation, business jet, and helicopter gas generators. The payoffs are enormous
for both communities - decreased cost to the military and increased technology for
the civilian sector.

b. Versatile Affordable Advanced Turbine Engines (VAATE): As currently planned,
the DoD/NASA/DOE Versatile Affordable Advanced Turbine Engines (VAATE)
Initiative is ramping up over the next several years, and will follow and build
upon the IHPTET effort. Unlike IHPTET, which focused heavily on
performance, VAATE will build upon the technology advances of IHPTET, and
concentrate on improving aviation, marine and even ground-power turbine engine
affordability, which proponents define as capability divided by cost. VAATE's
affordability orientation will look at technologies cutting engine development,
production and maintenance costs. The balance of the VAATE affordability
improvements will come from performance capabilities--technologies associated
with boosting thrust and cutting weight and specific fuel consumption.

VAATE is a two-phase program with specific goals. By the end of phase -
11in 2010, a six fold improvement in affordability will be demonstrated, and at the
end of phase 2 in 2017, a ten-fold improvement in affordability will be
demonstrated. Baselines for the effort are current state-of-the-art power plants
such as the Honeywell F124 used in the Boeing X-45A UCAV Demonstrator.

VAATE work will be concentrated into three focus areas and two
pervasive areas. Focus areas will include durability; work on a versatile core and
intelligent engine technologies. Pervasive areas, which are really incubators for
hatching ideas that should be included in the VAATE focus areas, will be

segregated into the categories of high-impact technologies and unmanned aerial
vehicles.

Reciprocating Internal Combustion Engines. Reciprocating internal combustion
gasoline engines are widely used in fixed wing Unmanned Aerial Vehicles (UAVs) with
Take-Off Gross Weights less than 2000 lbs. This is true among legacy UAVs (Pioneer
and Predator), developmental UAVs (Shadow 200) and numerous demonstration aircraft
from both Industry and Government Laboratories where across the board both two and
four cycle engines are used. True diesel cycle engines are precluded due to significantly
higher engine weight as compared to the gasoline engines. While each cycle offers
advantages and disadvantages, the demonstrated lower cost and better efficiency of these
engines precludes developing turboshaft engines to meet these UAV needs. However,
these engines do not meet the requirements for a common battlefield fuel as defined in
DoD 4000. In addition, they tend to fall short in reliability/durability as compared to
man-rated aircraft engines, making them less attractive to warfighters who rely heavily
on the data received from their UAV payloads to make real-time decisions. Future small
UAVs will continue to utilize these low cost, gasoline engines unless significant
advances in weight reduction for true Diesel cycle engines, or successful modification of
existing gasoline engines to burn Jet Propellant (JP) fuels with increased reliability, are
achieved.

Technology Outlook. The use of both motor gasoline and aviation gasoline in
almost all small UAVs is undesirable as it is both logistically very difficult to support and
unsafe (JP fuels have a higher flashpoint than gasoline). However, there are no
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significant technology or development efforts to provide an aviation suitable, small JP5/8
fuel burning engine(s) in the power classes and power to weight ratios being discussed
here. These engines do not exist in the commercial market, and typical DoD efforts have
utilized Small Business Innovative Research (SBIRs) topics in an attempt to develop
these engines. While some of these attempts have shown promise, SBIRs do not provide
a basis for a robust effort to meet many of the technical challenges that Heavy Fuel
Engines (HFE) present

Reliability. Reliability of current low cost two and four cycle UAV engines is on
the order of a few hundred hours, sometimes significantly less. This shortcoming, when
compared to turbine engines, is often overlooked due to the low cost of reciprocating
engines. Good engine reliability has proven to be a significant factor in user acceptance
of UAVs. However, most UAV demonstrations, and even development programs do not
prove reliability early in their development, many times resulting in disappointing results
in extensive flight and operational testing. Developing reliability in a small HFE will
present a large challenge due to the differences in combustion and lubrication between JP
fuels and gasoline, and the duty cycles imposed on them for UAV use.

Efficiency (Brake Specific Fuel Consumption, (BSFC)). One of the most
desirable traits for any UAV is persistence, and engine fuel efficiency has a major
influence on the number of UAVs required for a given time on target coverage. Current
gasoline two cycle engines have relatively poor efficiency, while four stroke engines are
better but at the cost of increased engine weight. Both engines are significantly better
than small gas turbines in this power class. Because of this any effort to develop HFEs
will place a large emphasis on efficiency. A HFE that operates on a true diesel cycle
could double the endurance of a given UAV which normally uses a two stroke gasoline
engine. Currently, two cycle engines still tend to be used extensively in small UAVs,
particularly in demonstration efforts as they provide the UAV designer a low cost and
lightweight, yet powerful engine. However, due to low cycle efficiency their BSFCs
tends to be high, resulting in aircraft with limited endurance capabilities. Existing
gasoline engines converted to operate on heavy fuels would not have significantly
improved BSFCs, but would operate on the required JP fuels. True diesel cycle engines
would offer greatly reduced BSFCs but technological advances are required to reduce the
weight of these engines to get them near that of gasoline engines.

Power to Weight. Air vehicles designed around two cycle gasoline engines
benefit from a very high power to weight ratio. Developing a HFE for use on any AV
utilizing an existing two cycle gasoline engine will require technology advances to
approach similar power to weight ratios.

Technology Challenges. There are two approaches to using JP fuels in UAVs
designed for lightweight gasoline engines; converting an existing gasoline engine to
operate satisfactorily on JP fuels, or developing a true diesel engine light enough to be
substituted for an existing gasoline engine. Depending on the approach chosen there are
different Technology Challenges described below:

This approach will yield an engine of similar efficiency to that of the current
gasoline engines (no improvement in BSFC) but will be close in power to weight and
minimize integration efforts. The technological challenges include designing a
combustion system that effectively bumns JP fuels without using a diesel cycle, and
obtaining acceptable engine reliability while using JP fuels.
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This approach will yield an engine of much greater efficiency than current
gasoline engines but a significant Technology Challenge will be weight reduction in
order to even approach that of current gasoline UAV engines while maintaining
reliability.

Advancements in materials are needed to allow development of diesel engines to
approach the power to weight ratios of gasoline engines. The high cylinder pressures
associated with the diesel cycle will require advanced materials not presently found in
reciprocating engines.  Concurrently, dynamic components such as crankshafts,
connecting rods and bearings also need improved weight to strength/wear for suitable use
in aviation engines.

Weight reductions in the area of diesel fuel systems and ancillary components will
also be required. This includes the fuel injection system, turbochargers, intercoolers,
scavenge pumps, cooling systems, etc. Increasing efficiency requires advanced fuel
system components such as lightweight high-pressure pumps/fuel injectors and advanced
fuel control techniques such as rate shaping. These systems are required for diesel cycle
engines operating on JP fuels.
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ENDURANCE

Shortcomings of Current Approaches. There have been a number of proposed
| solutions to provide a low cost HFE, but most are without merit. From innovative
kinematic designs, to low pressure diesel engines and finally to modified gasoline two
cycle engines, the current solution set does not provide reliable, efficient, lightweight JP
burning engines for use in aviation. The resulting influence on UAV designs (and their
inherent capability) of the different design approaches are depicted in Figure 1. Without
a indepth technology program the best that can be hoped for are mediocre solutions, that
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meet some of our requirements, but fall significantly short in providing the true solution
needed.

Alternate Propulsion Technologies. Future-looking efforts for UAV propulsion
include the use of fuel cell- or nuclear-based power schemes. Fuel cell development has
been pushed by NASA for use in UAVs and by the Army's Natick Laboratory for soldier
systems (i.e., small scale uses), and their specific energy performance is approaching that
of gasoline engines. The gaseous hydrogen fuel cells being used on NASA's Helios UAV
in 2003 have over 80 percent of the specific energy of a two-cycle gasoline engine (500
vice 600 Watt hours/kilogram) and 250 percent that of the best batteries (220 W hr/kg);
further improvement is anticipated when liquid hydrogen fuel cells are introduced in
2004. Still in development by NASA are regenerative power systems combining solar
and fuel cells in a day/night cycle to possibly permit flight durations of weeks or longer.
Additionally, several commercial aviation initiatives are exploring fuel cells for both
primary propulsion and auxiliary power units (APUs). In the nuclear arena, the Air Force
Research Laboratory has studied the feasibility of using a quantum nucleonic reactor (i.e.,
non-fission) to power long endurance UAVs, however, this remains a concept study; no
prototypes or flight worthy hardware are currently planned.
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FIGURE A-4: SPECIFIC ENERGY CALCULATION.

Air Vehicle Structures. Mission, environment and intended aircraft performance
attributes are key drivers for UAV structures in the same sense as for manned aircraft. At
one end of the “UAV spectrum” aircraft such as the Finder and Dragon Eye diminish the
need for durable structures anticipating the possibility of decades of service use. This is
contrasted with Global-Hawk class UAVs where individual airframes are planned to be in
the Service force structure for periods comparable to traditional manned systems.

Similarly, environmental requirements drive interest in air vehicle structures in
three basic directions. UAVs primarily intended for tactical use in the close vicinity of
ground forces dedicated to force-protection missions will have modest requirements for
systems redundancy. For UAVs intending to be certified to fly in civil airspace, the
recognition of redundancy requirements is a factor for the development of systems and
integration for the entire aircr