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Unmanned Aerial Vehicles:
Background and Issues for Congress

Summary

Unmanned Aerial Vehicles (UAV's) have been referred to in many ways: RPV
(remotely piloted vehicle), drone, robot plane, and pilotless aircraft are a few such
names. Most often called UAVSs, they are defined by the Department of Defense
(DOD) as powered, aerial vehicles that do not carry a human operator, use
aerodynamic forces to provide vehicle lift, can fly autonomously or be piloted
remotely, can be expendable or recoverable, and can carry a lethal or nonletha

payload.

Thewar on terrorism has put ahigh premium on the primary mission of UAVSs,
intelligence gathering. Furthermore, the military effectiveness of UAV's in recent
conflicts such as Irag (2003), Afghanistan (2001), and Kosovo (1999) has opened
the eyes of many to both the advantages and disadvantages provided by unmanned
aircraft. Long relegated to the sidelines in military operations, UAV's are now
making national headlines as they are used in ways normally reserved for manned
aircraft. Conventional wisdom states that UAV's offer two main advantages over
manned aircraft: they are considered more cost-effective, and they minimizetherisk
to a pilot’s life. However, the current UAV accident rate (the rate at which the
aircraft are lost or damaged) is 100 times that of manned aircraft.

UAVs range from the size of an insect to that of a commercial airliner. DOD
currently possesses five mgjor UAV's. the Air Force's Predator and Global Hawk,
the Navy and Marine Corps's Pioneer, and the Army’ s Hunter and Shadow. Other
key UAV developmental effortsincludethe Air Forceand Navy’ sunmanned combat
air vehicle (UCAV), Navy's vertical takeoff and landing UAV (VTUAV), and the
Broad Area Maritime Surveillance UAV(BAMYS), and the Marine Corps's Dragon
Eye and Dragon Warrior. The services continue to be innovative in their use of
UAVs. Recent examplesinclude arming UAV's (Predator, Hunter), using UAVsto
extend the eyes of submarines, and teaming UAV s with strike aircraft and armed
helicopters to improve targeting.

In the past, tension has existed between the services' efforts to acquire UAVs
and congressional initiatives to encourage a consolidated DOD approach. Some
observers argue that the result has been aless than stellar track record for the UAV.
However, reflecting the growing awareness and support in Congress and the
Department of Defense for UAV's, investments in unmanned aeria vehicles have
been increasing every year. The Fiscal Year 2001 (FY01) investment in UAVswas
approximately $667 million, while the FY03 funding totaled over $1.1 billion
dollars. The Pentagon has asked for $1.39 billion in procurement and devel opment
funding for FY 04, with much more planned for the out years.

Congressional considerationsinclude the proper pace, scope, and management
of DoD UAV procurement; appropriate investment priorities for UAV's versus
manned aircraft; UAV future roles and applications; and aerospace industrial base
considerations. This report will be updated as necessary.
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Unmanned Aerial Vehicles:
Background and Issues for Congress

Background

Unmanned Aeria Vehicles (UAVs) have been referred to in many ways: RPV's
(remotely piloted vehicle), drones, robot planes, and pilotless aircraft are afew such
names. Most often called UAVSs, they are defined by the Department of Defense
(DOD) as powered, aerial vehicles that do not carry a human operator, use
aerodynamic forces to provide vehicle lift, can fly autonomously or be piloted
remotely, can be expendable or recoverable, and can carry a lethal or nonlethal
payload. Ballistic or semiballistic vehicles, cruise missiles, and artillery projectiles
are not considered UAV's by the DOD definition.! UAVsdiffer from RPVsin that
someUAVscan fly autonomously. UAVsareeither described asasingleair vehicle
(with associated surveillance sensors), or aUAV system, which usually consists of
threeto six air vehicles, aground control station, and support equipment.

The military effectiveness of UAVs in recent conflicts such as Iragq (2003),
Afghanistan (2001), and Kosovo (1999) has opened the eyes of many to the
advantages and disadvantages provided by unmanned aircraft. Longrelegatedtothe
sidelines in military operations, UAVs are now making national headlines as they
assume missions normally reserved for manned aircraft. UAV s are thought to offer
two main advantagesover manned aircraft: they arearguably cheaper to procure, and
they eliminate the risk to a pilot’s life. UAVs protect the lives of pilots by
performing the*3-D” missions - those dull, dirty, or dangerous missions that do not
require apilot in the cockpit. However, the lower procurement cost of UAV s must
be weighed against their greater proclivity to crash, while the minimized risk should
be weighed against the dangers inherent in having an unmanned vehicle flying in
airspace shared with manned assets.

There are a number of reasons why UAV's have only recently been given a
higher priority. Technology is now available that wasn't available just a few short
yearsago. Some say that the services' so-called “silk scarf syndrome” of preferring
manned aviation over unmanned, has diminished as UAV s entered the mainstream.
UAVs might have gained momentum earlier if a crisis had occurred, such as an
extreme shortage of surveillance and reconnaissance aircraft during aconflict. The
lack of such a crisis, dong with the paradigm shift that needed to occur before
unmanned vehicleswere accepted, meant that UAV s have evolved astechnol ogy has
become available.

Joint Publication 1-02, “DoD Dictionary of Military and Associated Terms.”
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Although only recently procured in significant numbers by the United States,
UAVs have had a century-old history in aviation. First included in Jane's All the
World’s Aircraft in 1920, UAVs were tested during World War |, but not used in
combat by the United Statesduring that war. Germany’ suse of the simpleyet deadly
V-1 “flying bomb” during World War 11, laid the groundwork for post-war UAV
programs in the United States. However, it was not until the Vietnam War that
UAVs such as the AQM-34 Firebee were used in a surveillance role. The Firebee
exemplifies the versatility of UAVs —initialy flown in the 1970s, it was recently
modified to deliver payloads and flew its first flight test as an armed UAV on
December 20, 2002.2

Thelsragli Air Force pioneered several UAVsin the late 1970s and 1980s that
were eventually integrated into the United States sUAV inventory. U.S. observers
noticed Israel’s successful use of UAV's during operations in Lebanon in 1982,
encouraging then-Navy Secretary John Lehman to acquirea UAV capability for the
Navy. Interest also grew in other parts of the Pentagon, and the Reagan
Administration’ sFY 1987 budget submissionincludedincreased UAV procurement.®
Thismarked thetransition of UAVsin the United Statesfrom experimental projects
to acquisition programs.

One of the UAV's acquired from Israel, Pioneer, emerged as a useful source of
intelligence at the tactical level during Desert Storm. Pioneer was used by Navy
battleships to locate Iraqi targets for its 16-inch guns. Following the Gulf War,
military officials recognized the worth of UAVs, and the Air Force's Predator
became a UAV on a fast track, quickly adding new capabilities.* Debuting in the
Balkans conflict, the Predator performed surveillance missions such as monitoring
area roads for weapons movements and conducting battle damage assessment.
Operationsin Afghanistan havefeatured the Air Force snewest UAV, Global Hawk,
as well as adding a new mission for Predator that allows the UAV to live up to its
name — armed reconnaissance. There are currently five major UAVsin the U.S.
inventory: the Navy and Marine Corps' s Pioneer, the Air Force' s Global Hawk and
Predator, and the Army’s Hunter and Shadow UAVs.

Reflecting agrowing awareness and support in Congressfor UAV's, investment
inunmanned aerial vehicleshasincreased annually. The FYOlinvestmentin UAVs
was approximately $667 million, while the FY 03 funding totaled over $1.1 billion
dollars. The Pentagon has asked for $1.39 billion in procurement and devel opment
funding for FY 04, with much more planned for the out years.

Congress'srole in UAV development has been one of strong encouragement
tempered with concern. Taking a proactive stance in UAV program management,

2Jefferson Morris. “Northrop Grumman Modifies BQM-34 Firebee To Drop Payloads.”
Aerospace Daily, January 22, 2003.

3For more on the early history of UAV use, CRS Report 93-686 F, Intelligence Technology
in the Post-Cold War Era: The Role of Unmanned Aerial Vehicles (UAVS), by Richard A.
Best, Jr., 1993, p. 7-10, is available from author on request.

“Jim Garamone. “From U.S. Civil War To Afghanistan: A Short History Of UAVS.”
American Forces Information Service, Defenselink.mil, April 16, 2002.
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Congress has in the past directed the formation of joint program offices to ensure
commonality between the services UAV programs. Congress has also expressed
concernthat DOD’ s*“growing enthusiasm may well lead to asituationinwhich there
isno clear path toward the future of UAVS’, and so has required DOD to submit a
UAV roadmap.®> In some instances, Congress has advocated a more aggressive
approach to fielding UAVs. For example, in 1996, the House Armed Services
Committee (HASC) supported legislation directing DOD to weaponize both the
Predator and Hunter, but DOD opposed the initiative.® The scope of Congress's
support and confidence in UAV technology can be gleaned from the National
Defense Authorization Act for Fiscal Y ear 2001, which stated that, “ Withinten years,
one-third of U.S. military operational deep strike aircraft will be unmanned.”’

Congressional Considerations

UAVs have been labeled as transformational technologies that could change
how wars are fought and won. President Bush used the UAV as an example of a
technology that is changing the face of the battlefield during a speech to the Citadel
in December 2001. Speaking of the conflict in Afghanistan, Bush stated:

The Predator isagood example. Thisunmanned aerial vehicleisableto circle
over enemy forces, gather intelligence, transmit information instantly back to
commanders, then fire on targets with extreme accuracy. Before the war,
Predator had skeptics, because it did not fit the old ways. Now it is clear the
military does not have enough unmanned vehicles. We're entering an erain
which unmanned vehicles of all kinds will take on greater importance.®

Because they are labeled transformational programs, UAV's could be given
higher priority and corresponding funding increases. Thiswill likely cause the pace
and scopeof DOD UAYV effortsto increasein the yearsto come. How should these
efforts be managed so that they are cost-efficient, effective, and interoperable? Are
DOD UAYV plansontrack to meet congressional direction? How do UAV programs
compare to manned aircraft programs?

Investment priorities could change as the introduction of UAVsinto the U.S.
inventory shifts the bal ance between manned and unmanned capabilities. Congress,
as part of its defense oversight responsibilities, may assess DOD’s current UAV
efforts to verify that they match up with new investment goals and strategies.

°U.S. Congress, 2d Session, House of Representatives, Committee on Appropriations,
Department of Defense Appropriations Bill for Fiscal Y ear 2003, H.Rept. 107-532, p.207.

®Hearing of the Tactical Air and Land Forces Subcommittee of the House Armed Services
Committee. “Fiscal Y ear 2004 Budget Request for Unmanned Combat Aerial Vehiclesand
Unmanned Aerial Vehicle Programs.” March 26, 2003.

"U.S. Congress, 106™ Congress, 2d Session, Senate, Committeeon Armed Services, National
Defense Authorization Act for Fiscal Year 2001, S.Rept 106-292, p.141.

& President Speaks On War Effort To Citadel Cadets.” Whitehouse.gov, Remarks by the
President, December 2001.
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Conventional wisdom states that UAV's are cheap, or cost-effective. Is this true
today? How do UAV costs compare to manned aircraft costs?

UAVs have traditionally been used for reconnaissance and surveillance, but
today they arebeing employed inrolesand applicationsthat their designers never
envisioned. The unanticipated flexibility and capability of UAVs has led some
analysts to suggest that more, if not most, of the missions currently undertaken by
manned aircraft could beturned over to unmanned aerial platforms, and that manned
and unmanned aircraft could operate together. Congress may soon have to
contempl ate the replacement of asignificant portion of themanned aircraft fleet with
unmanned aircraft that have yet to be designed.

Industrial baseissuesalso need to be considered. If defense companiesdevote
more of their time and expenses to develop unmanned aircraft, will the skills and
technol ogies needed for manned aircraft design erode? Thosewho arguethat UAV's
will replace manned aircraft in the future are not as concerned with the industrial
base issue as those who feel manned aircraft will still be needed to combat future
threats.

Pace, Scope, and Management of DOD Efforts

UAV programs range from the combat tested — Pioneer, Hunter, Predator and
Global Hawk — to the not yet tested — the Air Force and Navy’s Unmanned
Combat Air Vehicles. Sizesand rangesof UAVsalso vary greatly: the Pioneer at 14
feet long has a combat radius of 100nm, while the Global Hawk at 44 feet long (the
size of a medium sized corporate jet) has a combat radius of 5,400nm. Figure 1
showsthe evolution of UAVsand providesauseful referenceto DOD’ smajor UAV
programs.®

°For a more comprehensive treatment of these UAV programs, see “Current DoD UAV
Programs’ on p.18 of thisreport.
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Figure 1. UAV Programs, 1985-2015
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Sour ce: DODBackground Briefing on UAV s, [http://www.defenselink.mil], October 31, 2001.
*Note: “Navy” includesNavy and Marine Corps, Navy VTUAYV Firescout program cancelledin 2001,
causing the Navy Pioneer program to be extended through 2010.

DOD UAYV procurement efforts have been often criticized in the past for being
slow, expensive, and inefficient.® However, operational success has stimulated
DOD to accelerate the pace and widen the scope of its UAV efforts. As of April
2003, the services operated five major UAVs — the Air Force's Global Hawk and
Predator, the Navy and Marine Corps' s Pioneer, and the Army’ sHunter and Shadow
— comprising 163 vehicles. Table 1 indicates current inventories.

Table 1. UAV Platforms

UAV Sponsoring Service Inventory (Feb 03)
Global Hawk Air Force 4
Predator Air Force 48
Pioneer Navy/Marine Corps 47
Hunter Army 43
Shadow Army 21
Total 163

Source: OSD UAV Planning Task Force, February 2003

°To cite just one example, U.S. Congress, 102d Congress, 1% Session, House of
Representatives, Committee on Appropriations, Department of Defense AppropriationsBill,
1992, H.Rept. 102-95, p.214, where Congress noted: “with displeasure, that despite...the
appropriation of $350 million in R&D funding since 1988, the JPO has yet to produce a
single UAV system.”
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This compares to an operational fleet of 90 vehiclesin June 2000 Projected
UAV procurement is expected to bring the total number of UAVs in the military
inventory to 249 by the end of Fiscal Y ear 2007.

Although Pioneer and Hunter are no longer being produced, at least one new
UAV programwill beintroduced in thisdecade, the Air Force' SUCAV, inthe 2008-
2010 timeframe. The overall UAV inventory could also increase if emergency or
supplemental funds for future conflicts are added to UAV programs, as happened in
the 2003 budget. Instead of the expected procurement of seven Predatorsin FY 03,
25 Predatorswere acquired to meet operationa demandsinthewar against terrorism.
In addition, these figures do not include the category of small UAV's, which DOD
expects to see the most rapid growth and fielding in future years.

The servicesarelikely to continue adding missionsto their existing and future
UAVs. Predator B (nicknamed “Hunter-Killer”) is being designed with a strike
capability, and some Predator As are being modified to carry weapons. The Air
Forceand Navy UCAV designswill target air defenses (missiles, artillery, air bases,
and command-and-control facilities). TheUCAV, whichisthefirst UAV devel oped
primarily for combat, is expected to be flown by the Air Force in 2010, and by the
Navy in 2015.

Table 2 provides an overview of the five UAV programs mentioned above.

Table 2. Characteristics of Current UAV Programs

UAV Pro- Radius | Max. Endur- Pay- Wit. Est. Unit
M odel ducer (nm) Alt. (ft) ance load (Ibs) Cost per
(hours) (Ibs) vehicle (%)

Pioneer AAI 100 | 15,000 5 75 452 M

Hunter Northrop 144 15,000 11.6 200 1,600 1.2M
Grumman

Shadow AAI 27 | 15,000 4 60 327 350,000

Predator General 400 | 25,000 24+ 450 2,250 45M
Atomics

Global Northrop 5,400 | 65,000 32| 1950 | 26,750 57M

Hawk Grumman

Source: OSD UAV Roadmap, December 2002; Teal Group Corporation, World Missiles Briefing.

DOD’s UAV research and development (R& D) programs are numerous for a
variety of reasons. UAVs are considered a growth industry, many UAVs are
relatively inexpensive to produce and new technology in miniaturization has helped
accelerate the development of many UAV types. Research and development costs
continue to approximately double that of procurement costs. In FY 03, procurement
costsfor the Global Hawk, Predator and Shadow were $394 millionwhileR& D costs
were $805 million.
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Comparing unmanned to manned aircraft systems, Figure 2 revealsthat UAVs
make up only one percent of the United States s aircraft inventory. Both fixed and
rotary wing aircraft are used in this comparison.

Figure 2. Comparison of Total Numbers of
Manned vs. Unmanned Aircraft-Feb03

163 UAVs 1

13,794 Manned Aircraft 99

Source: Table 1, UAV Platforms; The Military Balance 2002-2003

UAV scompriseamoresignificant percentage of aircraft, 32%, when compared
only to manned fixed wing reconnaissance aircraft as seen in Figure 3. This
comparison is chosen because the primary mission of UAV'sis reconnai ssance.

Figure 3. Comparison of Total Numbers of
Manned Reconnaissance vs. Unmanned

Aircraft-Feb 03

163 Unmanned Aerial Vehicles

485 Manned Reconnaissance Aircraft

Source: Table 1, UAV Platforms; The Military Balance 2002-2003
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Congressional direction hasprovided both challengesand goal sto accel eratethe
pace and scope of DOD UAYV efforts. One of the more ambitious challenges came
from the Senate Armed Services Committee in the FYO1 defense authorization
conference report, which set as a goal one-third of the military’s operational deep
strike aircraft (defined as the B-2 Spirit bomber and the F-117A Nighthawk stealth
fighter) be unmanned by 2010. In 2010, there will be an estimated 75 B-2s and F-
117Asin the inventory.”* The Air Force plans to have 14 UCAVs flying by 2010.
By this measure, DOD will be slightly short of the 1/3 goal.*

There arefour pathsto Congress sgoal: Acceleratethe UCAV program, retire
manned aircraft, weaponize existing UAV's, or rapidly develop anew combat UAV.
DOD dismissed the first option, stating that UCAV development depends upon
unpredictable cutting-edge technology.® However, others argue that UCAV
development could be accelerated by additional funding. The Air Force does not
plan to retire manned aircraft to make room for more UCAVS, as they view the
UCAYV as an augmentation aircraft, not areplacement. The last two options appear
more feasible, considering UAV's such as Predator and Hunter are already being
weaponized and R& D programs are developing new combat aircraft.

Although supported by both Congressand DOD, UAV programsin the past had
the reputation of rarely progressing past the development phase. In some cases, this
wasthe result of having to choose funding unmanned systems over manned systems
in an aviation culture that was built around manned systems. Also, requirementsfor
joint systems have not always been easy to satisfy, asitisdifficult tofindaUAV that
meets the distinct needs of the Navy, Marine Corps, and Army, for example. The
Navy needs alonger range, ship launched UAV, while the Marine Corps and Army
require a shorter range platform.

Over the years, management of UAV programs has gone full circle from the
military services, to aNavy-run Joint Program Office (JPO), to the Defense Airborne
Reconnaissance Office (DARO) and then back to the services, under the auspi ces of
OSD. The JPO was established in 1988, but met criticism in Congress. In 1992,
Congress expressed its:

serious reservations over the management of these[UAV] programs by thejoint
program office. Remarkably little progress has been registered during the past

ZAir Force Fact Sheets on B-2 and F-117, www.af.mil.  Inventory on fact sheets is for
current year. However, since the B-2 and F-117 are no longer being procured, the
assumption madeisthat there will be no attrition and the inventory will remain the samein
2010 asitiscurrently.

2DOD isless likely to meet the 1/3 goal if a different definition of deep strike aircraft is
used. Using the assumption that the Air Force' sthree bomber aircraft, the B-1, B-2 and B-
52, comprise the military’ s deep strike aircraft, unmanned deep strike aircraft would have
to equal 63, or one-third of the bomber inventory in 2010. See Pierre Bernasconi and
Christopher Bolkcom's CRS Report RL31544, “Long Range Bombers: Background and
Issues for Congress, August 22, 2002, p.4, for bomber inventory.

¥See CRS Report RL31014, Unmanned Combat Air Vehicles. Issues and Outlook, by
Robert E. Chapman I, June 14, 2001, p.15.
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fiveyearsin thisarea. The conferees believe the Secretary of Defense should
undertake a comprehensive review of the joint [project] office.**

The JPO was replaced by the Defense Airborne Reconnaissance Office
(DARO), created in 1993 to more effectively manage DOD’s disparate airborne
reconnaissance programs, including UAVs. DARO was disbanded in 1998, amid
further criticism of problems, redesigns, and accidentswiththefamily of systemsthat
it wasformed to develop.”> Some argue that DARO was dissolved due to resistance
to UAVsin favor of manned aircraft.

Since DARO’s demise, there has been no single procurement focal point to
manage DOD UAYV efforts; the Office of the Assistant Secretary of Defense for
Command, Control, Communications and Intelligence (OASD(C3I)) provides
oversight, whilethemilitary services manage program devel opment and acquisition.
In 2001, aUAV planning task force was stood up under the Pentagon’ s acquisition
chief to help promote a common vision for future UAV-related efforts. The task
force' s vehicle for this has been the UAV Roadmap, published in March 2003 and
signed by both the Under Secretary of Defense (AT&L) and the Assistant Secretary
of Defense (C3l). Another DOD initiative is the DOD UAV Interoperability
Working Group, stood up in 2003 to pursue joint-service and international
cooperation in UAV programs to support systems development. Congressional
concernswith UAV acquisition management, program duplication, interoperability,
and other issues continue.'®

To encourage commonality of systems, Congress has directed JPOs again be
established to promote interoperability and to reduce duplication of effort.'” Most
recently, a UCAV JPO was stood up in December 2002 to address joint Air Force
and Navy issues. Thisoffice’sgoal isto create standards that will allow UCAVsto
be built along common lines, in hopes of decreasing costs. Additionally, some of the
services have been working towards a common ground control system, called the
Tactical Control System (TCS), which is software that would be used to control
multi-service UAV systems.®® However, there are still major UAV programs like
Global Hawk, which do not have plansto move towardsthe common ground system.

14U.S. Congress, 102d Congress, 2d Session, Committee of Conference, National Defense
Authorization Act for Fiscal Year 1993, H.Rept. 102-966, p.635.

5Bill Sweetman. “DARO Leaves A Solid Legacy,” Journal of Electronic Defense, June
1998, p.43.

®For example, in 2002, the House Committee on Armed Services noted: “The committee
expresses its concern about proper program management elsewhere in this report, and is
specifically concerned that UAV programsadhereto the same standardsasother acquisition
programs.” U.S. Congress, 107" Congress, 2™ Session, House of Representatives,
Committee on Armed Services, Bob Stump National Defense Authorization Act For Fiscal
Y ear 2003, H.Rept. 107-436, p.243.

"These JPOs for various UAV's should not be confused with the single JPO that existed
from 1988-1993, which served as the focal point for all UAV programs.

5T CSis a Navy-devel oped and managed program.
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The variety of UAV acquisition processes has added to the difficulty of
managing the programs. UAVSs have been acquired in three ways: through the
traditional acquisition pipelines, as Advance Concept Technology Demonstrations
(ACTDs), and through evolutionary acquisition with spiral development (EA/SD).
UAV programs have at times been accelerated by circumventing traditional
development milestones. Instead, UAV's such as Predator and Global Hawk have
gone through the shorter ACTD timelines (threeto five yearsinstead of a decade or
more), or been considered an EA/SD program like Global Hawk, adding capabilities
incrementally as new technology becomes available. The remaining three major
UAV programs, Pioneer, Hunter, and Shadow, have been acquired through
traditional acquisition means.

The success of programs like Predator and Global Hawk has meant their non-
traditional acquisition methods have also been looked upon favorably. This could
lead DOD to manage new UAV programs using these methods. One potential
implication of using ACTDs and EA/SD is that they lack traditional program
development milestones, which may make it more difficult for DOD to provide
benchmarks for congressional oversight. On the other hand, these acquisition
methods have proven successful in getting technology into the warfighters' hands
more quickly than traditional acquisition pipelines.*®

UAVs and Investment Priorities

The significant investment considerations for UAV's may be to find the most
effective balance between manned and unmanned aircraft funding, determining how
to balance UAV cost with capability, and even determining how best to characterize
UAV costs.”

If the upward trend in UAV funding continues, as shown in Figure 4, DOD is
projected to invest over $10 billion in UAVsin thefirst decade of the new century.
Thisistriple what it did in the previous decade.

®For moreon EA/SD and how it differsfromthetraditional weapon acquisition process, see
CRSReport RS21195, Evol utionary Acquisition and Spiral Devel opmentin DoD Programs:
Palicy Issues for Congress, by Gary J. Pagliano and Ronald O’ Rourke, January 23, 2003.

YAV cost can either be defined by unit cost of anindividual air vehicle, or by system cost.
System cost could include one to six air vehicles, the sensor package, the ground control
station, and various support equipment. Acquisition costisonemeasure, toincluderesearch
and development and procurement costs, but operation and maintenance (O&M) cost is
another factor. Costs stated are acquisition costs unless otherwise noted.

208D, UAV Roadmap 2002-2027, December 2002, p.19. Each number in the chart
represents the amount DOD invested in UAV s per fiscal year.
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Figure 4. UAV Annual Funding Profile
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Sour ce: OSD, UAV Roadmap 2002-2027, December 2002, p.20.

Figure 5 breaks out the planned funding for each UAV throughout the Future
Y ears Defense Plan (FYDP):

Figure 5. UAV Funding Over the FYDP,
by Platform
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Figure 6 compares manned to unmanned funding from 2000 to 2010.#? The
chart reveals that UAVswill make up an increased portion of aircraft funding over
the FY DP, growing from 4% in 2000 to 31% in 2010.

Figure 6. Manned vs. Unmanned Funding
Comparison

100% ]
= 80% m
© o1
S 60%
S 40% -
S 20%
) ‘
2000 2003 2006 2010
[ ] Manned I Unmanned

Source: DOD UAV Roadmap 2002-2027; Teal Group Corporation, World Military and Civil
Aircraft Briefing

Cost savings havelong been touted by UAV advocates as one of the advantages
offered by unmanned aircraft over manned aircraft. However, critics point out that
the cost savings are often negligible if you consider that money saved by not having
apilot in the cockpit must be applied to the “ground cockpit” of the UAV aircrew
operating the UAV from the ground control station. So athough the air vehicle
might be cheaper than a manned aircraft, the UAV system as awhole is not always
less expensive.® On the other hand, UAV ground control stations can be capable of
simultaneously flying multiple UAV's, somewhat restoring the advantage in cost to
the unmanned system.** Congress has noted that, “while the acquisition per unit cost
may be relatively small, in the aggregate, the acquisition cost rivals the investment
in other larger weapon systems.”

DOD has stated that one of its mgjor UAV challenges is to balance cost with
capability. A significant concern with some UAVsistheir rising pricetag. At what
threshold does an “ expendable” UAV cost too much to lose? Sensorsare starting to

ZYAV funding data extracted from the DOD UAV Roadmap 2002-2027, p.20. The three
aircraft chosen to represent manned aircraft in this comparison, the F/A-22 Raptor, the F/A-
18 E/F Super Hornet, and the Joint Strike Fighter (JSF), were sel ected because they arethe
three major aircraft acquisition programs.

ZAs an example, the Predator air vehicle costs $4.5 million while the Predator system,
consisting of four air vehicles, cost $30 million.

#DOD UAV Roadmap 2000, p.53.

%U.S. Congress, 107" Congress, 2™ Session, House of Representatives, Bob Stump National
Defense Authorization Act for Fiscal Year 2003, H.Rept. 107-436, p.243.
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dominate the cost of the air vehicle, according to Air Force Secretary Jim Roche.®
These costs are increasing due to the basic law of supply and demand: growing
demand matched up with ashortage of competition, and alack of commercial sensor
equivaentsmeansthat UAV sensor producers can set their own price. Global Hawk
isan example of aUAV whose sensor costs have caused the total cost of the UAV
to increase.?’

UAYV costscompared to manned aircraft costsisatopic that hasbeen the subject
of debate. Two studies have addressed the manned vs. unmanned cost issue. The
first, a CBO study, showed that replacing Army manned attack helicopters with
UCAVs would produce no significant savings in steady-state procurement costs
relative to current plans.?® DOD also studied the comparative costs of manned vs.
unmanned aircraft intheir UAV Roadmap 2000. They found that devel opment costs
were essentially the same while there was a cost savingsin procurement costs when
an F-16 was compared to aUCAV . %

Manned combat aircraft costsrangefrom $37 millionfor the Joint Strike Fighter
to $1.2 billion for the B-2 Spirit bomber.* UAV costs, on the other hand, rangefrom
the Marine Corp’s developmental Dragon Eye at $30,000 per unit to Global Hawk
at $57 million. However, the less expensive UAV systems must be replaced or
restored at a greater rate than manned aircraft, adding to their total cost®.

Growing costs have even prompted some to recommend equipping UAV swith
self-protection devices, suggesting those UAV sarenolonger considered expendabl e.
There are two schools of thought for UAV employment that could help balance cost
with capability. Oneisto field many cheaper, less capable UAV's commanded and
controlled by robust communications networks.®* A second school of thought
advocates fielding fewer, more expensive and more capable UAVSs that are less
networked with other systems, such as the autonomous Global Hawk.

%.S. Congress, 107" Congress, 2™ Session, Senate, Committee on Armed Services,
“Department of Defense Policiesand Programsto Transform the Armed Forcesto Meet the
Challenges of the 21% Century,” Senate Hearing 107-771, April 9, 2002, p.124.

2'See p.24 of thisreport for more information on Global Hawk’ srising price tag.

A CBO Study. “The Long-Term Implications of Current Defense Plans.” January 2003,
p.94.

2DOD UAV Roadmap 2000, p. 51-54.

3% JSF Hol ds Costs Steady Despite First Production Cuts,” Aerospace Daily, February 11,
2003, p.7. $37 million isthe unit cost in Fiscal Y ear 2002 dollars, for the Air Force's JSF
variant.

Air Force B-2 Fact Sheet, www.af.mil. Unit costisin Fisca Year 98 constant dollars.

IUAVs are employed in high-risk environments and are lost at a much higher rate than
manned aircraft. Nevertheless, 20 percent of UAV lossesare dueto human error, not enemy
action, and DOD is studying how to reduce this noncombat |oss.

¥Some have referred to this option as the “ swarming UAV” concept.
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UAV Roles and Applications

UAVs have traditionally been used as Intelligence, Surveillance and
Reconnaissance/Target Acquisition (ISR/TA) assets. However, DOD has recently
broadened this into new missions such as armed reconnaissance. Dueto its ability
to perform multiple missions aswell asits successin recent military operations, the
UAYV has demonstrated surprisingly fast exploration of new roles.

The five major UAV's flown today are still used primarily for reconnaissance
purposes. These aircraft provide commanders with imagery intelligence, electronic
intelligence, and streaming video. Thisinformation can be used for everything from
directing fighter aircraft to their targets, to monitoring enemy troop movements, to
conducting battle damage assessment.

Predator is the first UAV to add the strike mission to its repertoire, stalking
Taliban and Al Qaeda leaders in Afghanistan and Y emen and striking these targets
with Hellfire missiles® Most recently, the Predator has been credited with two
strikes in Operation Iragi Freedom in March 2003. One strike targeted an anti-
aircraft vehicle while another fired its Hellfire missile at a TV satellite dish in
downtown Baghdad.

DOD plans for other UAV's are not far behind. The Army has experimented
with firing Brilliant Anti-Armor Technology(BAT) submunitions®* from Hunter
UAVs in October 2002 and Northrop Grumman has stated plans to fire a dummy
Hellfire missile from its RQ-8A Firescout unmanned helicopter. Another role that
has emerged from operations in Afghanistan is special operations support. The
Predator has been used to feed imagery to AC-130 special operation gunships and
special operations teams on the ground.

UAVsin the future will likely be lethal by design. R&D platforms such asthe
UCAV are being developed with a primary offensive mission of strike and
suppression of enemy air defenses (SEAD). DARPA, aong with the Army, is
developing a helicopter called the Unmanned Combat Armed Rotorcraft (UCAR).
The new and improved Predator, the Predator B, will have the capability to carry
eight Hellfire missilesinstead of two Hellfires.

DOD plans call for UAVs to play an integral role in battlefield operations.
UAVs will team up with manned aircraft to carry out operational missions. The
Navy is considering pairing aUAV such as Global Hawk or the Predator B with its
planned multi-mission maritime aircraft (MMA), asareplacement for itsaging long
range patrol aircraft, the P-3C Orion. The Army envisions helicopters such as the
AH-64 Apache controlling UAVs and receiving direct video feeds from the UAV.
It has also been directed by DOD to add a companion UAYV to its newest helicopter
purchase, the RAH-66 Comanche. To make this a reality, the Army procurement

*The laser-guided Hellfire missile was originally designed to provide heavy anti-armor
capability for attack helicopters.

¥BAT isasalf-guided submunition that uses on-board sensorsto seek, identify and destroy
moving tanks and other armored combat vehicles.
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plan for the armed reconnai ssance helicopter was halved to 650 Comanchesin 2002.
The intention is that the companion UAV, such as the Shadow or UCAR, would
make up for the canceled Comanches. Thisissignificantinthat it islikely thefirst
time procurement of a manned aircraft system has been scaled back to allow for the
introduction of an unmanned capability.

Additional rolesfor UAV sinthenear future may include homeland security and
medical resupply. The Coast Guard and Border Patrol, parts of the newly formed
Department of Homeland Security, already have plans to deploy UAV's to watch
coastal waters, patrol the nation’s borders, and protect major oil and gas pipelines.
Congressional support exists for using UAV s like the Predator for border security.
During a Senate Armed Services Committee hearing on homeland defense, it was
stated that although it would not be appropriate or constitutional for the military to
patrol the border, domestic agencies using UAV's could carry out this mission.®

Another potential role is long-duration law enforcement surveillance, a task
performed by manned aircraft during the October 2002 sniper incident near
Washington, D.C. The Transportation Department has looked at possible security
roles for UAVs, such as following trucks with hazardous cargo, while the Energy
Department has been devel oping high-altitude instruments to measure radiation in
theatmosphere.*® Onthe medical side, UAVssuch asthe Army’ s Shadow have been
studied as delivery vehicles for critical medical supplies needed on the battlefield.

Not all of these new applications have been approved — UAV advocates state
that in order for UAV'sto take an active role in homeland security, Federal Aviation
Administration (FAA) regulations concerning the use of UAVswill haveto change.
The Coast Guardwill most likely takethelead inresolving UAV airspaceissueswith
the FAA.*” The National Aeronautics and Space Administration (NASA) and the
UAV industry will aso be working with the FAA on the issue, as they are joining
forces in an initiative to achieve routine UAV operations in the national airspace
within afew years.®

Further in the future, large UAV's could take on the aeria refueling task now
performed by KC-10 and KC-135 tanker aircraft. Although DOD has not expressed
plans for exploring the aerial refueling role, it appears to some to be a mission well
suited for unmanned aircraft. Theflight profilesflown by KC-10 and KC-135aircraft
are relatively benign compared to many other aircraft, and they tend to operate far
from enemy air defenses. Except for operating the refueling boom (to refuel Air
Forceaircraft), therefueling crew’ sprimary job isto keep the aircraft flying straight,

*Marc Selinger. “Sen. McCain Says Predator May Be Useful For Border Security,”
Aerospace Daily, April 9, 2003.

¥*National Journal’s Congress Daily. “Pilotless Aircraft Makers Seek Role For Domestic
Uses,” December 17, 2002.

3 Jefferson Morris. “Coast Guard Leaning Away From Global Hawk, Manager Says.”
Aerospace Daily, January 14, 2003.

®Jefferson Morris. “NASA, UNITE Group Planning Details Of New UAV Initiative,”
Aerospace Daily, March 13, 2003.
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level, and at a steady speed. The Global Hawk’ s recent trans-oceanic flights (from
the United States to Australia and from the United States to Portugal) demonstrate
the ability of current UAVsto fly missions analogous to aeria refueling missions.

Another, far more difficult future task, could be air-to-air combat. DOD is
experimenting with outfitting today’ s UAV s with the sensors and weapons required
to conduct such amission. Infact, aPredator has reportedly already engaged in air-
to-air combat with an Iragi fighter aircraft. In March, 2003 it was reported that a
Predator launched a Stinger air-to-air missileat an Iragi MiG beforethe Iragi aircraft
shot it down.** While this operational encounter may be a “baby step” on the way
toward an aerial combat capability, it appears significant. Aerial combat is often
described asthe most challenging mission for manned aircraft to perform, and, some
say, onethat UAVswill never be able to accomplish. Though embryonic, the recent
Predator launch of an air-to-air missilewill likely hearten UAV advocateswho wish
to see more aggressive missions for unmanned aircraft.

AreUAVsawaysthepreferred platformsfor these new rolesand applications?
Other options could include manned aircraft, blimps, and space satellites. Each
platform offers both advantages and disadvantages. Manned aircraft provide a
flexible platform, but risk a pilot’s life. Some of the country’s largest defense
contractors are competing to develop unmanned blimps that may be capable of
floating months at atime at an atitude of 70,000 feet and carrying 4,000 pounds of
payload. These blimpswould be used in asurveillance roleto spot incoming enemy
missiles and planes. The goal is to develop an operational system by 2010 which
could carry out such missions for homeland security.®

Space satellites offer many benefits— they arerelatively invulnerabl eto attack,
and field many advanced capabilities. However, tasking the satellites can be
cumbersome, especially with competing national priorities. The limited number of
systems can only serve so many customers at onetime. Additionally, satelliteslack
the loitering capability of UAVs, only passing over the same spot on Earth about
once every three days. Due to the high costs of space launches, UAV s like Global
Hawk are being considered for communication relays as substitutes for low-orbiting
satellite constellations.**

One of the primary concerns about UAV roles and applications is “gold
plating.” Somehavedeclaredthat if themilitary doesnot control requirementscreep,
UAVs will be priced out of business. The fear is that good designs will become
loaded up with more sensors, more weapons, and more missions until they become
too expensiveto build or too valuable to use (and risk losing) in combat. Additional
potential impediments include negative aviation culture mindsets and command,
control, and communications bandwidth limitations and constraints.

*David Fulghum. “Predator’s Progress.” Aviation Week & Space Technology. March 3,
2003.

“OPeter Pae. “A Rebirth For Blimps; Military Has Plan For Cousin of Hindenburg,” Los
Angeles Times, November 4, 2002.

“David Fulghum. “Air Force Chief Predicts Growth of UAV Use By Military,” Aviation
Week and Space Technology. March 17, 2003.
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It has not always been easy for the aviation culture to adapt to flying aircraft
from the ground vice in the air. Deputy Secretary of Defense Wolfowitz, during a
hearing on transformation, stated that:

Not long ago, an Air Force F-15 pilot had to be persuaded to forego a rated
pilot’s job to fly Predator. Now Air Force leadership is working hard to
encourage this pilot and othersto think of piloting UAV sasamajor mission and
to become trail blazers in defining new concepts of operations.*

The Air Force hasrealized the retention implications of requiring rated pilotsto fly
their UAVS®, and has offered enti cements such as plum assignments after flying the
UAYV, and alowing pilots to keep up their manned flying hours during their UAV
tour of duty.

The requirement for bandwidth grows with every war the U.S. fights*. Since
September 11, 2001, the need has increased eight-fold in Central Command due to
the war in Afghanistan and the pursuit of terroristsin theregion.” UAV's are major
consumers of bandwidth. Some sources say that the military does not have enough
bandwidth to download video and radar images via satellite communi cations from
more than one UAV at atime. DOD isworking on solving this problem through a
$200 million program called Extended Tether, which is not scheduled to bein place
until FY 05.%

Thedirector of intelligence, surveillance and reconnai ssance systems for OSD
has stated that UAV and network centric operationsareaprimary reason the Defense
Department has earmarked $3 billion starting in FY 03 for the Transformational
Communications program, as OSD does not want UAV operations limited by
bandwidth. New developments such as satellite laser communications could
streamline spacedatalinksso that three satellitelinksare no longer needed to support
asingle Global Hawk mission over Afghanistan, as is the case now.*” DOD has
testified that a more autonomous UAV would require less bandwidth, since more
data are processed on board and less data are being moved.® However, it isunclear

“2l.S. Congress, 107" Congress, 2d Session, Hearing Before the Committee On Armed
Services United States Senate.” Department of Defense Policies And Programs To
Transform The Armed Forces To Meet The Challenges Of The 21% Century.” April 9, 2002,
p.10.

“Currently the Air Forceisthe only service to require rated pilotsto fly their UAVs.

#“Bandwidth isdefined asthe amount of datathat can be transmitted over acommunications
link in afixed amount of time.

“*David Hughes. “Pentagon Targets Bandwidth Expansion.” Aviation Week and Space
Technology, January 27, 2003, p.57.

““Andrew Koch. “Air Reconnaissance Assets Still In Short Supply.” Jane's Defense
Weekly, February 12, 2003.

“’Craig Covault. “Military Satcom, Relay Programs Boost Industry, Enhance Warfare.”
Aviation Week & Space Technology, January 6, 2003, p.43.

“®Hearing of the Tactical Air and Land Forces Subcommittee of the House Armed Services
(continued...)
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that autonomy will actually decrease bandwidth requirementssince Global Hawk, an
autonomous UAV, is currently the most aggressive bandwidth user.

One solution to aleviating the bandwidth problem is alowing UAVs to be
operated from a manned stand-off aircraft such as a command and control aircraft.
Stationing the mission control element of the UAV systemin another aircraft instead
of on the ground would reduce the reliance on satellites for beyond line of sight
communication, ssimplifying command and control. Not only would this help
overcomethebandwidthissue, but it would al so combat another problem area, which
isthepilot retentionissue. Pilotsin thiscasewould still get to “fly” while operating
the UAV. Experimentation iscurrently ongoinginthisarea, with thefirst step being
controlling the UAV’ s sensor payload from the air.

Industrial Base Considerations

Another issuethat may confront Congressisthe concernthat increased pursuit
of UAV development could have an effect on the U.S. aerospace industrial base. If
UAVs are increasingly designed and built at the expense of manned aircraft, then
somefear that the technical expertise required to design, and perhaps build manned
combat aircraft could erode. Many point out that the ability to produce world class
combat aircraft is a distinct U.S. comparative advantage, and should be guarded
closely. Others disagree that the pursuit of UAV's could harm the industrial base.
They arguethat the Joint Strike Fighter islikely to bethelast manned tactical fighter,
and that the industrial base is naturally evolving toward the skills and processes
required to make increasingly advanced UAVs.

Those who fear manned industrial base atrophy argue that the future of UAVs
isoverrated, and that there will be ademand for tactical manned aircraft in the post-
JSF timeframe. In their eyes, crucial skills and technologies could thus be lost by
concentrating only on unmanned aircraft design, possibly causing U.S. dominance
intactical aircraft designto wane. These proponents point out that UAV s have been
around for almost acentury, yet only recently became operationally effective, and are
not likely to replace manned aircraft in the near future.

UAV advocates argue that critical manned aircraft design skills are not
jeopardized by increased pursuit of UAV sbecausethereisconsiderablecommonality
between manned and unmanned combat aircraft. Except for the obvious lack of a
cockpit, unmanned combat aircraft may require stealthy airframes, advanced
avionics, and high performance enginesjust like manned combat aircraft. Also, major
defense contractors have already begun to shift to unmanned aircraft design in order
to stay competitive. Thisisbecause UAVsare beginning to play aprominent rolein
warfare, as seen in Operation Enduring Freedom in 2001 and Operation Iraqi

“8(...continued)
Committee. “Fiscal Y ear 2004 Budget Request for Unmanned Combat Aerial Vehiclesand
Unmanned Aerial Vehicle Programs.” March 26, 2003.

“For more information on the arguments for and against future demand of tactical aircraft,
see CRSReport RL31360, Joint Strike Fighter (JSF): Potential National Security Questions
Pertaining to a Sngle Production Line, by Christopher Bolkcom and Daniel Else.
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Freedom in 2003. The same skills and technologies required for building manned
aircraft will likely lend themsel vesto unmanned aviation design aswell. Companies
that have lost out in recent aviation contracts, such as Boeing and the Joint Strike
Fighter (JSF) in 2001, are looking towards unmanned bombers and fighters as
prospects for growth.* If Boeing were to design manned aircraft in the future, the
critical skills needed would still be present, according to this argument.

The Pentagon’ s decision regarding UCAV design and production could affect
theUAYV industrial baseand beindicativeof future UAV production decisions. With
the Pentagon deciding not to follow the same philosophy as the JSF, and have a
single company like Lockheed Martin design the aircraft, vendors will instead be
encouraged to compete throughout the life of the effort. This would combat the
concern in the aerospace industry after the JSF contract — namely, that expert
product teamsin companies other than Lockheed Martin would disappear. OSD has
also stated that there are requirements which could befilled by smaller companiesas
well asthethreelarge vendors: Lockheed Martin, Boeing and Northrop Grumman.>
Competition is expected to encourage cost reduction and aircraft design innovation.

Current DOD UAV Programs

Overview

In the past, tension has existed between the services effortsto acquire UAVs
and congressional initiatives to encourage a consolidated DOD approach. Some
observers argue that the result has been aless than stellar track record for the UAV.
However, DOD funding for UAV's has increased dramatically over the past few
years. During 1998-2001, DOD spent an average of $363 million ayear on UAVs.>
In FY 02, this number rose to $970 million whilein FY 03 it increased again to $1.1
billion. In FY 03, Congress either matched the DOD budget requests for each UAV
program or added funds. In FY 03, $52 million was added to the Predator, Pioneer,
and Shadow UAV programs. UAV successesin recent conflicts have contributed to
theincreasein UAV funding, with emergency fund money and supplemental dollars
being allocated towards UAV programs. The FY 03 Supplemental recommended
$15.7 billionfor thelraq Freedom Fund, for procurement of itemsto meet anticipated
requirements for weapons and equipment such as unmanned aerial vehicles™ Itis
anticipated that these funds would help replace UAV's lost during Operation Iraqgi
Freedom (OIF).

Andy Pasztor. “Boeing AimsFor Slice Of Fighter-Jet Contract Awarded to L ockheed, But
Blow Still Stings,” Wall Street Journal, October 29, 2001.

*Amy Butler. “OSD Frowns On “Winner-Takes-All” As Companies Posture for UCAV,”
Inside the Air Force, March 28, 2003.

*208D. “Unmanned Aerial Vehicles Roadmap 2000-2025.” April 2001, p.11.

*U.S. Congress, 108" Congress, 1% Session, House of Representatives, Committee of
Conference, Making Emergency Wartime Supplemental Appropriationsfor the Fiscal Year
2003, and For Other Purposes, H.Rept. 108-76, p.64.
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DOD currently operatesfivemajor UAVs: theAir Force' sPredator and Global
Hawk, the Navy and Marine Corp’s Pioneer, and the Army’s Hunter and Shadow.
Other key UAV developmental effortsincludethe Air Forceand Navy’ sUCAV, the
Navy’'s VTUAV Firescout and BAMS, and the Marine Corp’s Dragon Eye and
Dragon Warrior. The services continue to be innovative in their use of UAVSs.
Recent examples include arming UAV's (Predator, Hunter), using UAV s to extend
the eyes of submarines, and teaming UAV swith strike aircraft and armed helicopters
to decrease thetimeit takesto attack atarget. DOD used onetype of UAV, Pioneer,
in the 1991 Persian Gulf War, three systems — Globa Hawk, Pointer and Predator —
in Afghanistan in 2001, and more than ten systems in Operation Iragi Freedom in
2003. These systems include the Air Force's Global Hawk, Predator and Force
Protection Surveillance System; the Army’s Hunter, Pointer and Shadow; and the
Marine Corps Dragon Eye and Pioneer.>

Operational UAVs
MQ-1 Predator.

The Air Force’ s MQ-1 Predator isaUAV with many “firsts’ toitsname. Itis
the first Department of Defense advanced concept technology demonstration
(ACTD)>® UAV to transition to active military duty. It is also the first UAV in
history to fire offensive weapons against enemy combat forces.*® Proving itself in
recent conflictssuch aslrag, Kosovo, and Afghanistan, the Predator’ sproductionrate
has been accelerated and funding has been increased through transfers from the
Defense Emergency Response Fund (DERF) and Congressional plus-ups. Although
featuring a high attrition rate, the Predator has enjoyed considerable successin the
global war against terrorism, increasing the situational awareness of other aircraft
such as the Air Force's AC-130 gunship, and employing its revolutionary armed
strike capability against Al Qaeda and Taliban leadership.

*Marc Selinger. “U.S. Using More Than 10 Types of UAVsin Irag War, Official Says.”
Aerospace Daily, March 27, 2003.

SACTDs were initiated in 1994 to permit the early and inexpensive eva uation of mature
advanced technologies. The ACTD program is structured and executed so that, when
successful, technologies can transition rapidly into formal acquisition.

*“Kudos for Predator.” Unmanned Systems. Nov/Dec 2002.
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Figure 7. Predator Flying in Support of
OEF, Equipped with Hellfire Missile

Sour ce: Air Force Magazine.

System Characteristics. Predator is a medium-altitude, long-endurance
UAV, roughly half the size of an Air Force F-16 fighter. At 27 feet long and 7 feet
high, it has long, thin wings and a tail like an inverted V. The Predator typically
operates at 10,000 to 15,000 feet to get the best imagery from its video cameras,
although it has the ability to reach a maximum altitude of 25,000 feet. The air
vehicle launches and lands like aregular aircraft, b