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Performance Parameters
Altitude 8.2 km
Endurance 38 hours
Radius of Action 2222 km
Speed 222 km/hr
Propulsion
Gross T/O Wt. 1067 kg
Payload
Sensor Type EO/R
Datalink Digital, 80 mps, X-band
Deployment
Launch / Recovery Airfield / Airfield
Operation " Pilot-controlled and Preprogrammed

Key Lesson Leamed: Criticality of Syétems Integration and Cost Control

Figure 2-9 Amber (High Altitude, Long Endurance)

Performance Parameters
Altitude 13.7 km
Endurance 2 hours
Radius of Action 1200 km
Speed 1019 km/hr
Propulsion Turbojet
Gross T/O Wt. 2420 kg
Payload 638 kg
Sensor Type EO/R
Datalink MIDUMIST 120-140 Mbps
Deployment
Launch / Recovery RATO Air/ Airfield
Operation Preprogrammed

Key Lesson Leamed:  System Affordability and Issues Associated with
Integration of Sensor

Figure 2-10 Medium Range (Pre- & Post-Strike Reconnaissance and BDA)

Performance Parameters
Altitude 5.9 km
Endurance 10 hrs
Radius of Action 148 km
Speed 130 km/hr .
Propulsion Internal Combustion, propelior
Gross T/O Wt. 330 kg
Payload 80 kg
Sensor Type VIDEO/FLIR
Datalink unk
Deployment C-130
Launch / Recovery Cataputt
Operation Remote pilot

Key Lesson Learmned: Criticality of Systems Integration / Engineering

Figure 2-11 SKY EYE
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Performance Parameters

Altitude 18 km
Endurance 25 hrs
Radius of Action unk
Speed unk
Propulsion Turbojet
Gross T/O Wt. 6400 kg

- Payload 318 kg
Sensor Type None

" Datalink unk
Depiloyment Self
Launch / Recovery Improved airfield
Operation Remote pilot

Key Lesson Learned:  Software Integration, Cost Control, and Concept of
Operations

Figure 2-12 Compass Copé
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3. CONCEPT OF OPERATIONS

3.1  HISTORIC BACKGROUND

The UAYV provides an additional critical warfighting capability to the field commander.
The family of UAVs is uniquely qualified to conduct day/night RSTA, BDA, and battlefield
management at all levels and intensities of conflict. Employment of the UAVs in Desert Storm
proved the capability of UAV systems in a highly lethal, possibly contaminated combat
environment. ’ '

The Vice Chairman JCS, as the JROC Chairman, stated, “The exceptional utility of
PIONEER in Operation Desert Stdrm...reinforces the importance of the
requirement for this capability. PIONEER proved that the utility of the unmanned
aerial vehicle can be decisive in future battles.”

The UAV system provides the commander with an enhanced capability to collect,
disseminate, and exploit combat intelligence information in near-real-time in all types of
environments.

DARO, in coordination with the Joint Staff and Services, will work with tactical users
across the Services to assure that the employment doctrine evolves with the technical
capabilities. DARO will likewise ensure that warfighter training reflects the unique contribution
of UAVs employed in isolation (e.g., in Special Operations), as well as in concert with other
airborne, national, and tactical assets.

Reliable and effective UAVs have proven to be a force multiplier. Over three hundred
UAV sorties totaling over 1000 flight hours were flown in Desert Storm with outstanding results.
- (See Section 2 for further discussion of UAVs in Desert Storm.) UAYV class categories can be
selected or tailored to achieve maximum flexibility and thus enhance mission success.

3.2 EMPLOYMENT CATEGORIES

This DARO plan addresses broad concepts for both tactical and endurance UAV systems.
The Joint Tactical program comes in three variants: Tactical, the Shipboard Variant, and the
Maneuver Variant. The endurance program has two variants: Medium Altitude Endurance
(MAE) and High Altitude Endurance (HAE). The MAE UAV system will provide a quick
response RSTA capability Supporting the JTF and below with up to twenty-four hours of on-
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station capability. The air vehicle will carry electro-optical (EO) and synthetic aperture radar
(SAR) imagery sensors and will have satellite relay for beyond line-of-sight missions at nominal
collection altitudes of 4900 to 8200 m. The HAE will carry lérger, multiple discipline (SIGINT,
Imagery Intelligence (IMINT), and satellite and communication relay) payloads and will provide
the JTF commander and subordinate tactical units with on-demand reconnaissance collection
' coverage across all mission areas with an on-station duration in excess of 24 hours at ranges of

5600 km.

As stated in Joint Pub 3-55.1, Joint Tactics, Techniques, and Procedures for Unmanned
Aerial Vehicles, the Services have developed and integrated UAV employment techniques to
enhance their overall warfighting capabilities. The UAV systems, required support personnel,
and ground control stations will normally remain under operational control of their Service
component commander. Although the doctrine for endurance UAVs is yet to be developed, it is
anticipated that similar practices will apply.

The Joint Force Commander (JFC) has the authority to provide guidance and to direct
UAYV assets for the overall support of his campaign plan. The JFC may direct the J oint Force Air
Component Commander (JFACC) to coordinate UAV operations to support the JFC campaign
plan and, where necessary, to support other component plans and objectives which support the
overall JFC plan. Such tasking is accomplished consistent with applicable Joint Publications and
published along with all other reconnaissance assets in the daily air tasking order (ATO).

DARO recognizes that as UAV systems gain increased capability and high performance
UAV systems gain collection responsibility over larger regions, the imagery systems must be
integrated into the CIO Imagery System Architecture, including linkage to the Requirements
Management System (RMS), where appropriate.

33 TACTICAL AND ENDURANCE SPECIFIC CONCEPTS OF OPERATIONS

3.3.1 Tactical
- Each Service CONOPS is based on Service force structure and doctrine.

The USA Tactical UAV CONOPS calls for fielding two Tactical UAV systems per
Corps. The Tactical UAV will be a prime asset, using its relay capability, to help meet the Corps
RSTA and deep targeting requirements out to 300 km beyond the FLOT. The USA will field one
Tactical UAV system to each heavy division and heavy armored cavalry regiment (ACR). The
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Tactical UAV system will be a prime asset to meet the division-level RSTA and deep targeting
needs out to a range of 150 km beyond the FLOT. The Army UAV CONOPS (Figure 3-1) calls
for fielding the Maneuver Variant UAV system to help meet the needs of the brigade for close
battle targeting and RSTA. The USA need for an endurance UAV to be fielded at the Echelons
Above Corps (EAC) is contained m the Endurance MNS. A draft Opefational Requirements
Document (ORD) is in stﬁfﬁng. The USA plans to field five Maneuver Variant UAV baseline
systems to each light division and lighf ACR, and three Maneuver Variant UAV baseline systéms :
to each heavy division, heavy ACR, airborne and air assault division. In the light division, where
the Tactical UAV System support requirements exceed the division’s capabilities, the Maneuver
Variant UAV will be both the divisional general support (GS) asset and the brigade direct
support (DS) asset. In the heavy division and heavy ACRs, the Maneuver Variant UAV will be
in direct support of each brigade, provide a prime asset to target the brigade's direct support
weapons systems, and provide RSTA out to a range of 30 km beyond the FLOT. The UAV
systems provide direct real-time connectivity to their echelon’s fire support and intelligence
infrastructure, and will have connectivity with Tactical Artillery Fire Control (TACFIRE),
Advanced Field Artillery Tactical Data System (AFATDS), All-Source Analysis Systen:x
(ASAS), and JSTARS Ground Station Modules (GSM). Both the tactical and maneuver UAV
baseline systems provide a jump/overlap capability to allow for coverage during movement at
each echelon. |

USMC Tactical UAV CONOPS (Figure 3-2) calls for the deployment of one system with
eight air vehicles per MEF. The system is part of the UAV company within the Surveillance,
Reconnaissance and Intelligence Group (SRIG). It will be employed in direct or general support
of all levels of MAGTFs. During a 24-hour period, the UAV system will be capable of a
maximum of 16 hours of reconnaissance coverage. In the relay méde, with one collecting UAV
and one relay UAV aloft, the system will conduct long missions for aviation support out to a
range of 300 km beyond the FLOT. The USMC requires five systems total, with two systems on
the West coast in support of the I and III MEF and one system on the East coast in support of II
MEF. Two systems are war reserves/maintenance float. The systems are designed to have
connectivity with the AFATDS, Intelligence Analysis System (IAS), and JSTARS GSM:s.

The USMC Maneuver Variant CONOPS (Figure 3-3) calls for the deployment of five
UAYV systems with the UAV company of the SRIG. The system will be employed in general and
direct support of all levels of MAGTFs. Ground control stations must be capable of entering
appropriate fire support and intelligence networks to include (but not limited to) the AFATDS,
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TACFIRE (Version 10), and IAS. The system must have connectivity with the JSTARS GSM. It
will support artillery, aviation, light armored infantry, and other operations 30 km beyond the
FLOT. The period of coverage provided is 12 out of every 24 hours. The USMC has a
requirement for 20 Maneuver Variant UAV systems to provide direct support for each regiment,
Marine Expeditionary Unit (MEU), and Marltlme Pre-position Squadrons. Initially, five
Maneuver Variant systems will be centrally located in each SRIG to opnmlze training,

maintenance, and tasking, with the remaining systems in war reserve/maintenance float.

R-0143

Figure 3-3 Maneuver UAV Concept of Operations (USMC)

The USN notional UAV CONOPS (Figure 3-4) calls for the employment of the
Shlpboard Variant of the Tactical UAV System. Each Shipboard Variant system will include
eight air vehicles. The system will be supported by 15 VC-6 detachments. The system will be
capable of providing up to 24 hours tactical coverage and will be deployable at all times aboard
as many as 23 CV/CVN and LHA/LHD ships. The notional CONOPS calls for 18 systems
distributed in the following scheme: fourteen systems to support East and West coasts, two
systems for Western Pacific Command (WESTPAC), and two systems for training. Information
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will flow into the Combat Information Center or Joint Intelligence Center (JIC), if applicable.
The Tactical GCS will be integrated into or on existing ship spaces. With a relay-configured
UAV airborne, the system will be capable of receiving RSTA data in excess of 200 km.

R-0145

Figure 3-4 Shipboard Variant Concept of Operations

332 Endurance

The following describes the interface relationships that endurance UAV systems have
with external systems and provides identification of information-users, up to and including the
national levels. There are two endurance UAV concepts. The Medium Altitude Endurance UAV
provides a rapid response capability to the user. This system concept demonstration has as its
objective the development of a concept of operations for tasking, control, airspace management,
etc. The High Altitude Endurance UAV is a long-term demonstration with greater payload,
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altitude, and range capability than MAE, and will provide capabilities far in excess of those
formerly provided by penetrating reconnaissance platforms.

The MAE UAV system operating at low-to-medium altitudes will possess the capability to
disseminate releasable, high resolution imagery (visible, IR and SAR) to warfighting tactical users,
the JFC, JIC/Joint Analysis Center (JAC), and the National Military Joint Intelligence Center
(NMIJIC). The MAE UAYV will make an immediate contribution to the warfighting capability of
operational forces. The specific MAE CONOPS is in coordination and will address operations
and users of information. The MAE will greatly improve the quality and timeliness of battlefield
information while reducing the risk of capture or loss of aircrews and allow more rapid and better
informed decisions by the JFC and his supported forces.

While reconnaissance, surveillance, and target acquisition are the primary missions for
- MAE, this system could also be employed to demonstrate additional capabilities in electronic
warfare, battle damage assessment, Signals Intelligence (SIGINT), mine detection, command and
control, meteorological collection, communications relay, environmental sampling, and special
operations mission support. The MAE UAV provides long-dwell surveillance capabilities that
are particularly valuable when cued by existing national, theater, and tactical collection systems.
It can readily perform hazardous missions for extended periods of time: those in contaminated
“environments; those with extremely long flight times; and those with unacceptable political risks
for manned aircraft. Allotting these dangerous or tedious missions to the MAE UAYV increases
the survivability of manned aircraft and frees aircrews for missions requiring the flexibility of a
manned system.

The imagery products from MAE UAV will include: freeze frame/video clips via the Joint
Defense Intelligence Support System (JDISS); motion video via the Joint Worldwide Intelligence
Communications System (JWICS); verbal reports directly to tactical forces; and full video tapes
via courier. Inherent in this connectivity is the utilization of TROJAN SPIRIT II which provides C,
X, and Ku band; UHF (line-of-sight and satellite); and VHF communications. See Figure 3-5.

The HAE UAV system will alleviate the lack of broad area coverage, point target
- reconnaissance, and sustained point surveillance identified as a key deficiency during Desert
Storm and in the Deep Target Surveillance/Reconnaissance Study as well as the Defense Science
Board (DSB) Global Surveillance Study. The primary sensor will be a SAR that is capable of
down-linking directly, or via satellite, to the Joint Force Commander and components. The initial
requirement is to search over 136,000 km2 per day and proVide 1900 point targets per day for
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Figure 3-5 Medium Altitude Endurance (MAE) UAV Concept of Operations

pre and post strike reconnaissance. Since this system has a minimum on-station duration of 24
hours at a distance of 5600 km, it will provide the critical targeting necessary to support a task
force commander during a major regional conflict. The specific HAE formal CONOPS is in
coordination and will address operations and users of information. The main users will be the
theater and tactical elements, but simultaneous availability to national users will also be
accommodated. See Figure 3-6.

34 AIRSPACE CONTROL

As previously stated, the Pioneer UAV had some shortfalls in Desert Storm. Some of the
shortfalls included airspace control and EMI. Airspace control is provided to prevent mutual
interference from all users of the airspace, facilitate air defense identification, and accommodate
and expedite the flow of all air traffic safely. The JFACC is responsible for airspace control plans
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R-0144

UAV
18-20 km Altitude
720 kmvhr Airspeed

Commercial
SATCOM
Data Link

10-50 MBit/s

Alternate line
of sight DL
274 MBit's

IIRS 5 - vis, IRS 4 - IR

U EG M
Threat Waming and Tracking
Jamming Decoys

Figure 3-6 High Altitude Endurance (HAE) UAV Notional Concept of Operations

and procedures through use of an airspace control plan (ACP) following the guidance contained
in Joint Pub 3-52. Over-flight permission prior to outbreak of hostilities must be fully
orchestrated with the host nation supporting the UAV operations.

DARO is working with the UAV users to provide UAV systems with the capability and
flexibility to preclude operational losses due to mutual radio/radar interference, EMI, and
supporting integrated operator training with forces. Command, Control, and Communication

(C3), along with launch and recovery procedures and operations must be established prior to
UAYV employment in a crisis or war.
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4. TACTICAL UAV PROGRAMS
4.1 JOINT TACTICAL UAV PROGRAM — A MAJOR DOD PROGRAM

4.1.1 Background

All tactical UAV programs are managed by the UAV JPO. The UAV JPO prov‘ideé
acquisition and full life cycle support, and works closely with the Service users to develop
integrated operational employment concepts. The Joint Tactical UAV Program is the baseline for
the family of UAVs. Along with its Shipboard and Maneuver Variants, it will answer the
warfighting Commander in Chief's (CINC) continuing need for an unmanned means of
conducting:

e Day and night aerial reconnaissance

. Intelligence collection '

. Surveillance, and target acquisition

. Communications/data relay '

. Electronic warfare

. Collection of weather data to support combat operations

. Minefield detection

. Nuclear, biological, and chemical sensing day and night, and in

limited adverse weather. ' '

The requirements for tactical UAVs exist during peacetime as well as at all levels of
conflict for employment in both land- and sea-based environments. They are critical in situations
where immediate information feedback is needed and manned aircraft are unavailable, or when
excessive risk or other conditions render such use impractical or imprudent.

The Joint Tactical UAV Program consists of three systems:

] The Tactical UAV for use by USA division to EAC levels, and all
levels of MAGTFs (Figure 4-1)

»  The Shipboard Variant of the Tactical UAV for use by Naval
Expeditionary Warfare Commanders on big deck amphibious assault
ships (LHA/LHD class) and aircraft carriers (CV/CVN) (Figure 4-2)

. The Maneuver Variant for use by lower level units such as USA
brigades/battalions and USMC regiments/battalions/companies
(Figure 4-3). ' ‘
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Altitude
Endurance
Radius of Action
Speed
Propulsion
Gross T/O Wt.
Payload

Sensor Type
Datalink

Deployment
Launch / Recovery
Operation

Performance Parameters

7 km

11.6 hours

275 km

> 165 km/hr

2 engines, 2 cylinder, 4 stroke 60 hp
700 kg

45 kg

EO/IR

C Band Analog, BW 20 MMz
Multiple C-130s

Unimproved Area 200 m x75 m
Preprogrammed Flight

Key Information

Programmatics

Program status: Development Key Milestones
* Early Fielding
* IOT&E
e MS Il IPR
Early Fielding
User USA, USMC, USN IOTAE
MS ill
Contr Agency UAV JPO ’ 10¢
Prog Manager Col P.K. Tanguay
(205) 895-4449 :

FY94 | FY95 {FY96 [FYS7 [FY98 | FY99

A
A

Figure 4-1 Tactical UAV

Performance Parameters

Altitude 7 km
Endurance 11.6 hours
Radius of Action 275 km
Speed > 165 km/Mr
Propulsion 2 engines, 2 cylinders, 4 stroke, 60 hp
Gross T/0 Wt. 700 kg '
Payload 45 kg
Sensor Type EOAR
Datalink - C Band Analog, BW 20 MHz
Deployment Shipboard
Launch/Recovery CV/CVN and LHALHD
Operation Preprogrammed Flight
Key Information Programmatics
Program status: Development Key Milestones FY94 | FY95 |FY96 |FY97 | FY98 | FY99
e Maritime R&D Contract Award A
« IOT&E (CARS) A
* Automated Recovery System
Y Sys DT (CARS) A
User USN, USMC Del 1st USN Sys A
USN Log Demo AlLA
Contr Agency UAV JPO 10 A
Prog Manager Col P.K. Tanguay
(205) 895-4449

Figure 4-2 Shipboard Variant of Tactical UAV
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Cost and Operational Effectiveness Performance Parameters
Analysis (COEA) in progress
Altitude 2 km
Endurance 3 hours
Radius of Action 52 km
Speed 140 km/hr
Propulsion 8D
Gross T/0 Wt. 91 kg
Payload 23 kg
Sensor Type EO/NR
Datalink C Band Analog, BW 20 MHz
Deployment 1C-130
Launch / Recovery Unimproved Area (30 x 75)
Operation Preprogrammed flight
Key Information . Programmatics
Program status: Development ' Key Milestones FY94 |FY95 |FYS6 |FY97 |FY9s |FYa9
» Contract awards for downsized equipment
* Contract award for common GCS IPR A
Downsize Equip DT A
User USA, USN, USMC System CDR A
DT/OT : Al_A
Contr Agency UAVJPO - Full Production A
Prog Manager Col P.K. Tanguay
(205) 895-4449

Figure 4-3 Maneuver Variant of Tactical UAV

4.1.2  Status

The Tactical UAV received Defense Acquisition Board (DAB) approval for low-rate
production (LRP) of seven systems! on 19 January 1993. Delivery of the seven LRP systems will
occur from May 1994 through April 1995. Early fielding of the first LRP system is expected to
occur in late FY94. The operating tempo (OPTEMPO) demonstration will occur in early FY95,
followed by the first article test. The initial operational test and evaluation (IOT&E) will occur in
July 1995. Seven systems will be sought in early FY95 to maintain production capability and to
provide sufficient hardware to support all training, test, and fielding activities.

The currently planned Shipboard Variant program will focus on integrating the system
into the host ships. This approach uses existing Tactical UAV hardware, software, and
equipment; however, some of the equipment (such as the GCS) will be removed from their
shelters and placed in shipboard spaces. Other required efforts include installation of a launch

1A system is defined as eight air vehicles and necesséry support equpment.
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7.2 I-MAE

The Interim MAE (I-MAE) is a US government program to field a quick-response,
endurance UAV capable of providing optical imagery in crisis situations (see Figure 7-8). The
Gnat 750 was selected as the aircraft platform. Two aircraft with sensors are being tested and
fielded during FY94. The I-MAE project will provide technical and operatlonal lessons learned
to follow-on endurance UAV programs.

Performance Parameters
Altitude 0.5-8.2km
Endurance 24 hr
Radius of Action 925 km
Speed 240 km/Mr
Propulsion Singie recip. (80 hp)
Gross T/O Wt. 400 kg
Payload . 100 kg
Sensor Type EO/R
Datalink C-Band Relay °
Deployment Multiple C-130
Launch / Recovery  Runway
Operation Preprogrammed
Key Information Programmatics
Program Status: Demonstration Key Milestones FY94 |FY95 |FY96 |FY97 |FY9s |Fygg
* Immediate field use i
« Crisis response ]
« Initial buy of 2 aircraft First Fiight A
User Complete Fleet A
(7 systems)
Contr Agency |
Prog Manager Ops Support —_—— 4 -

Figure 7-8 Interim Medium Altitudé Endurance (I-MAE) UAV

73  ERAST PROGRAM AND PERSEUS A

UAVs have the potential to serve as an ideal complement to existing platforms in
providing answers to key questions regarding earth and atmospheric science. In spite of the
successes of NASA’s manned aircraft campaigns, there is a need for subsonic aircraft with still
higher ceiling, longer range, greater endurance, and other advanced characteristics to fulfill data



collection requirements identified by various scientific communities. In response to this growing
scientific need, the NASA Office of Aeronautics has undertaken the responsibility to develop
technologies that will enable US industry to develop fully mission-capable UAVs. This new
initiative, the ERAST program, began in FY94, and is scheduled to last for seven years with
flight demonstrations of vehicle technology and payload capability throughout the program.
Major flight demonstrations will occur by the mid-term of the program, affording an assessment
of technology devclopmeht. By the end of the program, a final demonstration of scientific
mission capabilities will be accomplished. There is potential synergy with DARO, since DoD

needs are pushing UAV technology in similar directions, though for different reasons.

ERAST program management is also aggressively pursuing joint agreements with other
agencies, including DOE, the UAV JPO and BMDO, aimed at leveraging both needs and
developments outside NASA. A similar agreement with DARO is currently in the discussion
phase. Since the requirements of the ERAST high-altitude, long-endurance mission are very
similar to those of the HAE UAV, close coordination and cooperation could afford mutual
benefit.

Under the aegis of the High Speed Research Program, NASA has contracted to provide a
UAV, Perseus A, capable of attaining 25 km altitude with a 65 kg payload to collect in-situ data
for the investigation of the effects of high-speed aircraft on the atmosphere. Although the Perseus
A aircraft (see Figure 7-9) is an important step toward meeting scientific needs, there is an urgent
need for UAV technology development leading to increased operational capabilities while
maintaining or lowering operational costs.

Performance Parameters

Altitude . >25km
Endurance 1 hr (on station)
Speed . 185 kmvhr
Propuision Piston Engine

(Gasoline and LOX)

Gross T/O Wt. 780 kg
Payload 65 kg
Empty Weight 521 kg
Wingspan 18.6m
Propeller diameter

High-altitude 44m

Low-altitude 264 m
Pro max altitude  >25 km

Figure 7-9 Perseus A



Table 7-2 presents the ERAST and Perseus characteristics of advanced capability UAVs.
They illustrate that an emerging generation of UAVs offers great promise for meeting scientific
needs if they can do so in a cost-effective manner while alleviating the constraints typical of
manned flight vehicles such as mission duration, altitude limits, and flight over inhospitable
terrain.

Table 7-2 Other UAVs (Non-DoD)

Altitude, km 25 km 18km | 2530km| 16-24km
Endurance, hrs 1hr 24 hrs 450 hrs | 12-96 hrs
{on station) :

2:::;’: o 100km | 5000 km | 1-20k km | 5-20K km
Speed, km/hr hznog" hz,‘:",},, TBD TBD
Payload/Sensor | g5 kg 200kg | 100-1400 | 50-1600

Weight, kg kg kg

74 THE DOE ARM PROGRAM AND iPERSEUS B

The DOE, in cooperation with the DoD’s Strategic Environmental Research and
Development Program (SERDP), has begun a project to explore the usefulness of UAVs for
climate-relevant measurements in the ARM program. Major goals of the ARM UAYV project
include developing miniaturized climate research instruments for use in a small inexpensive
UAYV, developing payloads to demonstrate those instruments in flight, and obtaining valuable
scientific data. There is no support for the dévelopmcnt of environmental research UAVs at this
time. However, plans are underway for the utilization of existing or near-term UAVs for
instrument test flights. The Gnat 750 is currently being used to carry visible and infrared
radiometers. The Perseus B (see Figure 7-10), will be used for additional ARM experiments once
it has demonstrated flight capabilities during an internal DOE commercial development project.
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Performance Parameters
Altitude 18 km
Endurance 24 hrs
Speed 185 km/hr
Propulsion Piston Engine (Turbocharged)
Gross T/O Wt. 1000 kg
Payioad 200 kg
Wingspan 179 m
Wing area 16 m2
Take-off weight - 1,000 km
Payload weight 200 kg
Altitude capability 20 km

Figure 7-10 Perseus B

7.5  JOINT PRECISION STRIKE DEMONSTRATION (JPSD)

The JPSD has demonstrated command and control of a UAV and its payload sensor via
~ satellite link using Joint Tactical Information Distribution System (JTIDS) algorithms (see
Figure 7-11). During the flights, the UAV relayed sensor video data and telemetry to the GCS at
El Mirage, CA, and to the Topographic Engineering Center (TEC) at Ft. Belvoir, VA. The
demonstration was managed by the JPSD program office in coordination with the UAV JPO and
the Army's Communications-Electronics Command (CECOM) Intelligence and Electronic
Warfare Directorate ((EWD) with additional support from the Army Research Laboratory. This
demonstration illustrated technology solutions to deficiencies within the functional areas of
surveillance and target acquisition. The final report was due from JPSD by 31 January 1994. It
will contain the lessons learned in JPSD and requirements for a UAV platform to carry specific
sensors supporting precision strikes. DARO will evaluate the requirements against ongoing
UAV programs to determine which vehicle(s) in the Tactical and Endurance classes are capable
of satisfying the needs. There was no Allied cost sharing in JPSD.

7.6  RAPTOR DEMONSTRATIONS

In the aftermath of Desert Storm, the Ballistic Missile Defense Organization (BMDO)
undertook a fast-paced Advanced Technology Demonstration (ATD) program to demonstrate
lethal kill capability of a SCUD-like TBM with an air-based missile defense concept called
Responsive Aircraft Prdgram for Theater Operations/Theater Application Launch on Notice
(RAPTOR/TALON). BMDO determined that one of several concepts for boost-phase intercept
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Performance Parameters
Altitude 8.2 km
Endurance 24 hrs
Radius of Action 925 km
Speed 240 km/hr
Propulsion Single recip.(80 hp)
Gross T/O Wt. 400 kg
Payload - 100 kg
Sensor Type EO
Datalink © JTIDS SatCom
Deployment N/A
Launch/Recovery  Runway
Operation Preprogrammed
Key Information : Programmatics
Program Status: Demonstration . Fyos | Fyes |Fyes |Fya7 |y
» Control of both aircraft and sensor Key Milestones 58] Fv99
* Video transmission at 1 frame every 3 seconds -
* Relay to both El Mirage and Ft. Belvoir
User None, Demonstrator Only ' Flights A
Contr Agency JPSD Program Office Final Report Due A
Prog Manager Col Fricas .

Figure 7-11  JPSD—Joint Precision Strike Demonstration (Demonstration of Command and
Control via Satellite Link Using JTIDS)

(BPI) of TBMs could be performed from a small HALE UAV carrying new sophisticated
hypersonic weaponry. As part of this ATD goal, BMDO has developed two HALE UAVs for
integrated concept testing. The first, termed the RAPTOR Demonstrator, is a reciprocating
engine, composite UAV. The second, termed the RAPTOR Pathfinder (originally designed for
other purposes), is a solar-electric powered UAV which could provide extremely long endurance
flight capability for small payloads (20-30 kg). These air vehicles will be transferred
‘admmlstratwely to the UAV JPO to support the BMDO and other users.

7.6.1 RAPTOR Demonstrator 4

The RAPTOR Demonstrator program, managed by the BMDO, is developing two low-
cost HALE UAVs (see Figure 7-12); one for testing and one for risk reduction. The
Demonstrator aircraft, with a 20 m wing span and 90 kg payload capacity, will be tested at
altitudes up to 20 km. It is propeller-driven by a single, 60 kw, dual-stage-turbocharged gasoline
engine—a modified Rotax 912. RAPTOR Demonstrator airframes are of composite (graphite
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epoxy) construction with gross weight less than 900 kg. The first RAPTOR Demonstrator began
low-altitude flight testing in April 1993. High-altitude, long-endurance testing began in early
1994. Flight testing of the risk reduction air vehicle should begin in late 1994. No allied cost
sharing is planned for RAPTOR Demonstrator.

‘Performance Parameters
Altitude 20 km
Endurance > 50 hr
Radius of Action 1000 km
Speed 325 km/hr
Propulsion Single recip.(80hp)
. Gross T/O Wt. 900 kg
Payload 90 kg
Sensor Type EO/IR
Datalink T8D
Deployment N/A
Launch / Recovery  Runway
Operation Preprogrammed
Key Information ‘ ' Programmatics
Program Status: Demonstration Key Milestones FY84 |FY95 |FY96 |FY97 |FY98 | FYS9
* Surveillance capability )
* TMD launch detection demonstration
* Initial buy of 2 aircraft High Alttude Fiights D-1
User BMDO, Demonstrator Only First Flight D-2
High Altitude Flights D-2 AN
Contr Agency BMDO
Prog Manager LtCol D. Tietz ATD (Weapon Platform)
703-693-1568

Figure 7-12 RAPTOR Demonstrator (High-Altitude, Endurance, Surveillance UAV)

Requirements for a UAV-based lethal TBM defense capability are under review in OSD

and BMDO. DARO will address any platform requirements that materialize from these reviews
by evaluating ongoing RAPTOR Demonstrator and other Endurance-class UAV programs for
capability to satisfy the needs. DARO does not anticipate any new platform development.

7.6.2 RAPTOR Pathfinder

The RAPTOR Pathfinder (formerly called HALSOL: High-Altitude SOLAR) was
fabricated in 1983 to explore solar-electric propulsion technologies for HALE flight. The 30 m
span-loaded, flying-wing configuration was chosen to minimize mass and required propulsive
power. It employed solar cells to power electric motors during daylight, and planned to store
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excess solar energy in batteries for propulsion at night. In 1983, solar-cell technology efficient
enough to accomplish HALE flight was prohibitively expensive, so flight tests were conducted
with battery power only. HALSOL was put into storage shortly after initial flight tests.

In FY92, BMDO determined that the HALSOL could have application for theater missile
defense and sponsored upgrades including high-efficiency, light-weight solar cells, new materials
having greater strength and ultra-violet (UV) resistance, and new and more efficient electric
motors and propellers. In early FY94, Pathfinder completed several low-altitude (< 90m) flights
at Edwards AFB, CA. A round of improvements currently in progress should provide
performance needed to reach 20 km in flight tests to be conducted during summer of 1994 (see
Figure 7-13). The program is on the path toward achieving the BMDO goals of extremely long
duration flight at high altitudes. The ultimate goal of the program is to produce a 63 m
spanloaded wing capable of extremely long endurance above a 20 km altitude carrying a 20 kg
payload in day/night flight at mid-latitudes. No Allied cost sharing is planned for RAPTOR
Pathfinder.

Performance Parameters

Altitude 20 km
Endurance Weeks
Radius of Action Variable
Speed 120 km/r.
Propulsion Solar elec. motor (11 hp)
Gross T/O Wt. 240 kg
Payload T8D
Sensor Type T8D
Datalink TBD
Deployment NA
Launch/Recovery Runway
Operation Preprogrammed
Key Information : Programmatics
Program Status: Demonstration Key Milestones Fy9a | Frgs |Fyes | Fya7 |Fyss | Frse

* Solar electric energy collection
» Regenerative fuel cell energy storage
* TMD launch surveillance

« Initial buy of 2 aircraft Low Altitude Flight A

User BMDO, Demonstrator Only
High Attitude Flight
Contr Agency BMDO / DARO 9 (Pla:ned) on 4
Prog Manager LtCol D. Tietz
703-693-1568

Figure 7-13 RAPTOR Pathfinder (High-Altitude, Long-Endurance, Solar Electric UAV)
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7.7 CONDOR

The basic capabilities of the Boeing Condor were described earlier in this section.. After
three years of dormancy, Condor was transferred by the previous DoD sponsor to the LLNL,
under the auspices of an LLNL project in radar ocean-imaging sponsored by OSD(C3I) (see
Figure 7-14). LLNL has been tasked to examine several possibilities: (1) alternative uses of the
Condor, including missions of potential interest to NASA, National Science Foundation (NSF),
National Oceanographic and Atmospheric Agency (NOAA), DOE, DEA, and commercial users,
(2) inexpensive ways to reconstitute the aircraft for potential use in these new applications, and
(3) alternative uses within the DoD, including radar ocean-imaging, special operations support,
ballistic missile defense roles (such as the proposed Defender system) and other uses.

Several organizations are funding, or expressing an intention to fund, further studies of
Condor's applicability to scientific and defense missions during FY94 and FY95. No Allied-cost
sharing has been identified for Condor.

Performance Parameters

Altitude 20 km
Endurance 48 hr
Radius of Action 7960 km
Speed - . 460 kmv/hr
Propulsion 2 turbo-chrg recip. (175 hp)
Gross T/O Wt. 9230 kg
Payload 600 kg
Sensor Type SAR/EO/IR/SLAR/LIDAR
Datalink : X-Band
Deployment Ferry
Launch / Recovery  Runway
Operation Preprogrammed
Key information Programmatics (Preliminary)
Program Status: Demonstration -
« Successtul flight series in 1988 and 1989 Key Milestones: FY94 |FYS5 |FY96 |FY97 |FY98 | FY99
« Aircraft transferred to LLNL in 1993 -
* Multi-agency applications under study
« Probable aircraft reconstitution in 1995 “3""”3'(":‘3;5 toLLNL
User DoD/DOE/NASA/NOAA/NSF Application Studies A
Aircraft reconstitution L
Contr Agency OosD (C3I) . "
Prog Manager Dr. T. Lawrence pm’g‘r'a"r'“asg:::ym'i'g?; s |
510-422-5322 T

Figure 7-14 Condor High-Altitude, Endurance UAV (Potential Joint Program with Both
Defense and Scientific Missions)
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8. UAYV ENABLING TECHNOLOGY

This section introduces the enabling technologies that support DARO UAV programs. It
is not all-inclusive and not all efforts identified are funded, nor has an exhaustive search of all
applicable technology been conducted. Research and development are on-going both under
DARO auspices by UAV JPO and by other DoD laboratories and agencies. In the future, DARO
will review these activities and refine its own technology program to ensure that it is prioritized
and complete. The technologies are briefly introduced and discussed in the following
subsections. A UAV enabling technology matrix (see Table 8-1) relates each technology to
current UAV programs.

81 PROPULSION

811 Small Heavy-Fuel Engines

Heavy fuels (JPS, JP8) are requirements for the Tactical, Maneuver Variant, Shipboard
Variant, and Endurance UAVs for both safety and logistic support reasons. In 1989, the UAV
JPO initiated a technology demonstration program to develop small, lightweight, heavy-fuel
engine (HFE) technology for UAVs, since no off-the-shelf HFEs met Tactical UAV
requirements. Contracts were awarded to determine the feasibility of small HFEs for UAV
application. Most of the program goals were met; however, significant development remains
before production can begin. A contract has been awarded for the competitive selection,
integration, demonstration, and evaluation of an HFE for the Tactical UAV. In addition, the
UAV JPO has begun to investigate recuperative turbine engine development, which not only has
the potential of providing-a more efficient common HFE power plant but also offers the high
reliability and maintainability of turbine engines. Moreover, this recuperative engine technology
may have application in the Endurance-class UAVs. Consequently in FY94/95, the UAV JPO
will conduct laboratory altitude testing of a recuperative engine prototype. '

8.1.2 High-Altitude Turbo-Fan Jet

Research is needed in modifications to commercial production high-pressure-ratio turbo-
fan jet engines to adapt them to HAE UAYV systems.
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Table 8-1 UAV Enabling Technology Matrix

__ TACTICAL SYSTEMS 'ENDURANCE
MAJOR SPECIFIC
CATEGORY TECHNOLOGY MANEUVER | TACTICAL | SHIPBOARD MAE HAE
|. Propulsion A__Heavy-Fuel Engines X X X X X
B. High-Alt Turbo-Fan
. Jet N/A N/A N/A N/A X
Il. VehicleControl/ | A. Auto Lndg/Recov o (0] 0] o O
Management Techniques _
' B. Adv Figt Con/Nav/ o) o) [¢) ] ]
Figt Mgmt
Ill. Airframe A Lgt Wgt Composites X X X X X
B. Ice Det & Removal X X X X X
IV. Communication | A UHF/VHF Comm X X X X X
Relay '
B. Anti-jam/LP| X X X (©) X
C._Satcom_ N/A N/A X X
V. Mission A IMINT e .
Payloads _ o
1. EOMR X X X X X
2. Multispectral 0 [e] [ (¢] X
3. SAR N/A [e) [e] X X
4 LIDAR 0 [e] [e] (o] N/A
B. GMTI Radar N/A [e] Q @) X
C._ SIGINT _ [e] [e] [e] [e] o]
1. Acoustic _ 0 (@) [e] 0 o
2. __Non Imaging IR o o (0] o ()
3. Laser Detection 0 @] 0 O O
4. NBC Detection [e] (0] (0] 0 [¢]
5. Mine Detection - N/A () ] 9) o
E. Laser Designator O (®) O N/A N/A
F. Atmospheric Sensing | L R
1. In-Situ j [e] (0] [e) e [e]
2. Remote (0] 0 O 0 0]
VI. Data Auto Tgt Det/Cue/Recog o (o] (o] o X
Exploitation )
VI VTOL [e) N/A N/A N/A N/A
VIil. Air Transport- X X X X o
able
IX. Survivability A. ESM [e] (0] (0] [e] X
B. ECM O (0] [e] [e) X
C. _Decoys N/A o] [¢] (o) X
D. Low Observables N/A N/A N/A [e] [e]
X. Integration & A, Systems Integ Lab X X X X X
Test
B. Test Facilities X X X X X
C._Modeling & Simul X X X X X
XI. Computers A Filight Control X X X X X
and SIW _
B. Mission Planning X X X X X
C. Ground Control X X X X X
Legend: X — Key Performance Requirement

. O — Mission Need Objective
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8.2 VEHICLE CONTROL/MANAGEMENT

8.2.1 Automated Landing/Recovery Techniques

Tactical/Maneuver Systems — Automated recovery is a critical need for the Tactical,
. Shipboard, and Maneuver Variant UAVs to reduce attrition due to pilot error on recovery,
particularly during maritime and inclement weather operations; to reduce training costs; and to
enhance safety of opérations. Portable millimeter-wave tracking radar technology, which has the
potential to meet the common automated recovery system requirements, was successfully
demonstrated in 1992. Additional automated recoveries in shipboard and inclement weather
operational environments are required to reduce technical risks.

Differential GPS — Civilian and commercial development of differential GPS for
precision landing needs to be adapted to UAV systems. It offers potential of highly affordable
worldwide category 3 take-off and landing capability in a truly portable and easily set-up system
at forward tactical bases.

Deep Stall Recovery — ARPA and NASA studies in the 1980s identified the ability for
precision recovery of UAVs with deep stall coupled with automatic small rocket deceleration in
final phase. Further analysis is required to determine applicability to existing systems.

8.2.2 ° Advanced Flight Control/Navigation/Flight Management

Further development is required for a compact, lightweight, integrated inertial/GPS;
identification friend or foe (IFF); and pre-programmable flight management system. A UAV
JPO/USAF Wright Laboratory program to develop a modular integrated avionics group (MIAG)
will be demonstrated in FY95, dependent upon funding. A critical need exists for this
technology in the UAV Tactical and Endurance classes for improved target acquisition and fault

tolerance.
8.3 AIRFRAME

8.3.1 Lightweight Composite Structures

There is need for inexpensive manufacturing technology for large composite aeronautical
structures. This is particularly true for high-temperature-cure graphite composite structures,
which are currently very expensive. '
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8.3.2 Ice Detection and Removal

There is a critical need for a system to sense and remove wing ice and thus, expand the
flight environment of UAV systems. A current ARPA program in capacitive sensing and
advanced-explosive actuator ice removal has shown some promise and will be continued.

84 COMMUNICATIONS

84.1 Multichannel UHF/VHF Communication Relay

This effort addresses a UAV communication relay capability for the family of UAVs. The

relay system would provide range extension of communications and overcome horizon
 limitations. It would enhance command and control of forces operating over a wide geographical
area. The USA desires a UHF/VHF relay capability for Tactical and Maneuver Variant UAVs.
Moreover, the USMC has a requirement for a five channel VHF relay supporting the Single
Channel Ground and Airborne Radio System (SINCGARS). Furthermore, there is a validated
Service need for small lightweight hardware for a battlefield communications relay. This effort
is currently being pursued by the UAV JPO with a technology demonstration in FY95 on the
Tactical UAV. However, further development will be required before production.

84.2  Anti-Jam/LPI

The DARO/USAF Wright Lab Airborne Imagéry Transmission (ABIT) CDL program for .
the U-2 requirement is underway and will be restructured to also support the HAE UAV
demonstration.

84.3  Satcom

Commercial Satellites — Use of commercial Intelsat/Panamsat communication satellites
offer attractive and affordable communications capability for endurance UAV reconnaissance
systems. Initial studies indicate that approximately 50 Mbps are possible from airborne systems
-worldwide. R&D is required to develop lightweight affordable airborne systems with reasonable
power and antenna size. Significant R&D underway for the U-2 Extended Tether Program is
applicable and will be integrated into the Endurance programs.
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8.5 MISSION SENSOR PAYLOADS

Background — Multi-mission payloads provide UAV systems with the capability to
perform their assigned functions, such as RSTA, EW, and communication relay. As the UAV
project progresses and technology advances, the Services will call on the UAV family of systems
to perform these functions in support of their missions through employment of various mission
payloads. The Services’ needs will determine payload priorities for development and integration
into UAVs. '

The following provides discussions of a number of UAV payload-related technology -
activities that are resourced by a variety of Service and other agency sponsors. The UAV JPO is
monitoring and coordinating these efforts for potential future UAV applications. The UAV JPO
capitalizes on the investment of others in the development of payloads by expending its limited
resources for the evaluation of existing payloads and, when selected, their integration into the
family of UAVs. Commonality and interoperability are stressed across all UA Vs for any payload
type selected. Test results will be analyzed to assist in UAV mission payload definition and to -
develop specifications for potential transition into the UAV family of systems.

8.5.1 Imagery Intelligence IMINT)

Visible/IR — There is a requirement for affordable, compact, high-resolution imaging
systems for both Tactical and Endurance UAVs. The use of both low-light-level charge-coupled
detector (CCD) electro-optical and IR focal plane arrays will be investigated.

Lightweight Common FLIR — A FLIR is the primary imaging sensor for the Joint
Tactical and Maneuver UAVs in performing RSTA functions. Recent advances in FLIR
technology allow better sensitivity, greater resolution, reduced weight, and better stability,
resulting in improved performance. The UAV JPO will demonstrate a lightweight FLIR/CCD
TV camera with an on-board autotracker as part of the Tactical UAV Block II improvement. This
payload is planned for demonstration on the Tactical UAV in FY95.

8.5.2 Multispectral (MS)

Multispectral Imaging Sensor — A joint Office of Naval Research and UAV JPO
program to develop a 82 kg sensor will be demonstrated in a Tactical UAV in 1997. The Naval
- Research Laboratory (NRL) led HYDICE research program is scheduled to conduct manned
.ai'rcraft flight tests for data collection and analysis and this will provide fundamental information
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for design of future UAV multispectral payloads. R&D on exploitation tools needs to be
continued. Other MS sensors may also be adapted for use on Endurance UAVs.

8.5.3 Synthetic Aperture Radar (SAR)

On-Board Image Formation Processing — SAR processing requires about 1000
operations/pixel and the HAE UAV will collect 10 to 50 million pixels/second, resulting in a
requirement for 10-50 GFlops (109 floating point operations per .second) of on-board signal
processing. Current technology is available to support this, but cost and power neéded are high.
Continued R&D is required.

Antennas — Affordable lightweight phased-array antenna technology is required.

RF Power Generation — High-efficiency, lightweight RF modules are needed to provide
up to 12 kw peak power and 2 kw average power at X band.

Foliage Penetration — The need exists to be able to detect targets in foliage. This ‘
requires high-resolution low-frequency radar. A current ARPA/USAF Wright Laboratory
program is underway, but suffered cuts in the FY94 Congressional Appropriation.

3-D Interferometry — The HAE UAV could provide significant 3-D terrain-mapping
capability with interferometric SAR. Current ARPA/USA Engineering Topographic
Center/USAF Wright Lab work is underway and will be closely followed and applied as
available.

8.6 GMTI RADAR

Moving Target Indicator (MTI) Radar — A 45 kg-class ground moving target indicator
(GMTI) radar payload is needed for the Joint Tactical UAV. Recent experiences in the Persian
Gulf War proved the operational utility of the JSTARS, which can provide a large surveillance |
picture to the theater and corps/division commanders in support of interdiction and precision
strike missions. A UAV MTI radar could complement the JSTARS by providing surveillance
over the blind spot due to shadowing or by concentrating on regions of immediate concern to the
lower-echelon commanders. The UAV MTI radar should be able to detect and automatically
track many moving targets and classify moving vehicles. In addition, it is desirable to
incorporate a spotlight mode SAR/inverse synthetic aperture radar (ISAR) on the MTI to detect
stationary targets by highlighting one small selected area at a time. Finally, the UAV MTI radar
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could be used for surface search over sea, to track ships, while the ISAR mode could be used to
highlight individual ships for target identification. The USA UAV Training and Doctrine
Command (TRADOC) System Manager (TSM) at Ft. Huachuca, AZ, had evaluated a prototype
NDI MTI radar mounted on a helicopter to further refine TRADOC's requirement for a UAV
MTIT radar payload.

GMTI radar drives the power and antenna aperture required to detect moving ground
targets at realistic ranges. The HAE UAV with GMTI could provide a significant capability to
complement JSTARS, but requires an affordable power amplifier and conformal array antenna.

8.7  SIGNALS INTELLIGENCE (SIGINT)

SIGINT (COMINT, ELINT, FISINT) — ‘A UAV communications intelligence
(COMINT) system would be capable of  intercepting and locating enemy communications in
support of US forces on land or at sea and would also provide non-obtrusive monitoring of
. potential adversaries in peacetime. A UAV Electronics Intelligence (ELINT) system capable of -
intercepting and locating enemy radars could provide information concerning the enemy’s
electronic order of battle. A family of common hardware and software modules could be
developed and a UAV COMINT/ELINT mission payload could be configured for each category
of UAV based on mission needs. The UAV JPO is conducting proof-of-concept demonstrations
for a limited capability COMINT payload and a separate EW/Jammer payload. These proof-of-
concept demonstrations will be conducted on board the Pioneer air vehicle during late FY94 or
early FY95. The EW/Jammer payload was developed by the Joint Electronic Warfare Center
(JEWC) to meet USA needs. NSA is involved as a technical and operational advisor to the UAV
JPO for both of these demonstrations.

An UAYV Foreign Instrumentation Signals Intelligence (FISINT) system capable of
intercepting and measuring targeted signals could provide detailed technical information (e.g.,
telemetry) concerning the enemy’s advanced weapons systems, especially in the realm of
ballistic missiles. This information could then be used to exploit and possibly, electronically
interfere with the enemy’s employment of tactical and strategic ballistic missiles. Using a
common module to complement the COMINT and ELINT sensor modules, a FISINT payload
could be reconfigured for each category of UAV based on specific mission need.

The Endurance UAV demonstrations could provide significant capability for SIGINT if
lightweight modular systems were developed. The advanced SIGINT architecture program in
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DARO is developing modular open system hardware for application to existing DoD platforms
and it is intended to apply that hardware and architecture as much as possible to the Endurance
UAYV demonstrations. '

8.8 MEASUREMENTS AND SIGNATURES INTELLIGENCE (MASINT)

Acoustic — Airborne acoustic sensors capable of working at UAV airspeeds while
detecting acoustic energy from moving vehicles are needed. It may be feasible to adapt the US
Army BAT acoustic sensor to this task, but engine noise must be canceled out.

Non Imaging IR Detection — The ability for UAV systems to remotely detect artillery -
firing, missile launches, and other hot sources of energy is needed.

Detection Of Lasers And Laser Energy — Remote detection of lasers and laser energy
is a future capability to support UAVs in monitoring the battlefield.

Nuclear, Biological, and Chemical (NBC) Detection — The capability is needed for ‘
remote and in-situ detection and recognition of nuclear, biological, and chemical weapons. New
sensors must be developed which are lightweight and fairly low cost to operate on UAVs.

Nuclear/Radioactivity Detection — Service mission needs solicit development of a
nuclear weapon and radiation fallout detection payload for the family of UAVs. The USA
CECOM Laboratory has modified the ground-portable Radio Activity Detection, Indication and
- Computation (RADIAC) sensor (AV/VDR-12) for airborne application. A prototype was
demonstrated on an OH-58 Kiowa Warrior helicopter in FY91. The UAV JPO plans to evaluate
this payload on the Pioneer in FY94 for future application in the UAV family.

Chemical Agent Detection — Various Service needs cite a UAV chemical agent
detection payload. Current efforts use an interferometric IR sensor to analyze chemical agent
clouds to provide a standoff capability in alerting military forces to chemical munitions events.
The USA Chemical Research, Development and Engineering Center has been pursuing a
- chemical agents detection technology demonstration program since FY91. The UAV JPO plans
to evaluate their payload on the Pioneer in FY94 for future inclusion into the Tactical and
Maneuver Variant UAVs.

Mine Countermeasures (MCM) — Two MCM payloads are being developed by the
USA and USN, respectively: a land mine countermeasure payload that can detect/map individual
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land mines or patterned minefields, and an amphibious mine countermeasure payload that can
detect/localize the mines in the surf zone/shallow water. Both technologies were demonstrated at
Ft. Hunter Ligget, CA, in 1991. The USN’s UAV mine countermeasure payload advanced
technology demonstration program will start in FY95, and integration of the land mine payload
Airborne Standoff Minefield Detection System (ASTAMIDS) into the Joint Tactical UAV is
. planned to begin in FY96. - |

89 LASER DESIGNATOR

Laser Designator — A laser designator boresighted to a FLIR performs accurate ranging
and target designation for precision guided munitions. A nondevelopmental item (NDI)
derivative of the Aquila’s FLIR/laser designator (Night Eagle) was installed on the UH-IN
helicopter and performed successfully during Desert Storm. In FY95, the UAV JPO plans to
demonstrate the Night Eagle payload on the Pioneer in preparation for a Tactical UAV
performance, evaluation, test, and interface verification. |

8.10 ATMOSPHERIC SENSING

8.10.1 In-Situ

.Meteorological (MET) Sensor — Service mission needs exist for a lightweight UAV
MET payload for the family of UAVs. The MET payload would measure temperature, humidity,
atmospheric pressure, and wind velocity using the UAV’s navigation data. The UAV MET
payload would provide data for a wide range of applications, to include delivery and use of
battlefield obscurants, artillery fire adjustment, smart munitions performance prediction, and
weather forecasting to aid aviation flight safety and support operational planning. The USA
Atmospheric Sciences Laboratory (ASL) developed and demonstrated a small, lightweight MET
sensor in FY88. The UAV JPO plans to evaluate MET sensor performance on Pioneer in FY94
to refine requirements for the Tactical, Maneuver Variant, and Endurance UAVs.

Atmospheric sensing systems could be payloads on the HAE UAV for dual use
military/civilian application. Both LLNL and NASA have funded research in this area; and the
DARO has opened dialogue with both on the possibility for joint activities.
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8.10.2 Remote

The need exists in civilian environmental sciences for inexpensive high-altitude and long-
endurance sensors such as passive radiometry and active laser techniques to provide remote

characterization of atmospheric aerosols, water vapor, and key chemical species.

8.11 DATA EXPLOITATION

Automatic Target Detection, Cueing, and Recognition — Image data exploitation is
man-intensive and the situation becomes critical when wide-area collection produces upwards of
137,000 sq km/day. The need exists for automatic target cueing to cue the image analyst to
potential targets and eventually to automatically recognize target type and identity. Significant
“R&D has been pursued by ARPA, USAF, USN and USA laboratories. Automatic target
detection and cueing is now feasible to a significant level of performance and R&D needs to
continue to improve this technology.

8.12 VERTICAL TAKE-OFF AND LANDING (VTOL)

Evaluation of technologies, such as tilt rotor, tilt wing, ducted fan, jet lift, and
conventional helicopter, may lead to a common UAV platform for the Tactical, Shipboard
Variant and Maneuver Variant UAVs. The need for access to take-off and landing strips would
be eliminated. A common platform and elimination of the need for prepared spaces for take-off
and landing are both key elements in the UAV JPO program plan.

8.13 MOBILITY & TRANSPORTABILITY

Significant system and life cycle cost will be avoided if UAV systems are easy to
transport. New techniques in modular assembly and folded structures are required.

8.14 SURVIVABILITY

Continued research and development are needed in improved survivability for UAVs,
including application of very low observables to low-cost UAVs. This should include both radar
cross-section and infrared emissions reduction, and exploration of aircraft shaping and radar
absorbent materials.
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The HAE UAV demonstration will be an overt vehicle that is required to penetrate into
potentially hostile areas and must have a moderate degree of survivability. This could take the
form of a combination of both on-board and off-board threat warning and avoidance techniques
using electronic support measures, electronic countermeasures (ECM) employing active
jamming, and towed decoys to protect against both the tracking radars and missiles. These active
ECM and decoy techniques become easier as the observables of the UAV are decreased and thus,
low-observable techniques may also be employed. |

8.15 INTEGRATION & TEST

8.15.1 Systems Integration Laboratory

The UAV Systems Integration Laboratory (SIL) was established by the UAV JPO at
MICOM as the Center of Technical Excellence for the joint family of UAVs. The SIL provides a
test bed for technology assessment, insertion, demonstration, and transfer, as well as a central
database for UAV test results and “lessons learned.” Analysis, simulation, and testing (bench ‘
test, captive flight, etc.) conducted in the SIL at the direction of program managers (PM) will
result in substantial risk reduction, cost savings and improved performance in field testing. The
SIL test bed is a mechanism for UAV participation in CINC Battle Lab, and other technical and
operational demonstrations and exercises, through the WARBREAKER and Defense Simulation -
Internet (DSI). In addition to facilitating resolution of interoperability procedures, interfaces, and
tactics, use of the resources of the SIL early in the program will ensure each PM a smooth
transition to post-deployment support.

8.15.2 Modeling and Simulation

Advanced distributed simulation and modeling techniques are being investigated by a
number of DoD laboratories and there is significant' work in progress at ARPA. Distributed
simulation and modeling are critical throughout the entire development and acquisition process.
Priorities outlined in the Director, Defense Research and Engineering (DDR&E) letter of
21 January 1994 will be followed. They include such things as (1) interoperability of live,
virtual, constructive simulations to support operational readiness, (2) developing authoritative
representations such as terrain, wilderness, and smoke, (3) supporting various advanced
distributed simulation demonstrations and experiments, and (4) extending modeling and
simulation beyond training applications.
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8.16 COMPUTERS AND SOFTWARE

UAYV systems are by nature computer hardware- and software-intensive and rely on R&D
being accomplished in government laboratories as well as by commercial industry. This includes
both on-board flight control, data processing, signal processing and mission planning as well as
ground control systems. Software engineering tools, fault-tolerant software, reusable code
techniques, open systems, and compatible languages are exarhples of critical areas for R&D.

8.17 OTHER

Micro-miniaturization and low-power technology are needed to increase UAV endurance
and reliability. '
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9. , TEST AND EVALUATION

9.1 OVERVIEW

The UAV JPO is the focal point and interface for UAV developmental test and evaluation
(DT&E) among the program management offices and supportiﬁg multiservice field test activities
that comprise the UAV Joint Test Force. The UAV JPO provides liaison to individual Service
headquarters and OSD (Director, Test and Evaluation; Director, Operational Test and
Evaluation) with regard to both developmental and operational test and evaluation (OT&E) of
UAV systems. Additionally, the UAV JPO provides liaison to the individual Service OT&E
agencies for the planning and support of UAV operational testing. The UAV JPO maintains the
status of capabilities, limitations, policies, and procedures associated with national and
international facilities, as well as environments that are suitable for UAV test and evaluation
activities. The respective test and evaluation master plans (TEMPs) for each of the UAV
programs readily serve as a source for the scope, objectives, structure, and resources_of
developmental and operational test programs.

The coordinated relationship of a disciplined methodology and appropriate test resources
produces information necessary to decisionmakers at each stage of the system acquisition cycle
for the purposes of risk reduction. This information is based on: identification of user
requirements in response to a fully described and validated threat; development and maintenance
of standard Modeling and Simulation (M&S) for pre- and post-test analysis; thorough use of
these M&S tools to predict, update, and correlate equipment test results throughout contractor,
developmental, and operational testing and evaluation; and maintenance and full utilization of
credible testing resources. The final objective of system testing, employed throughout all phases
of UAV system development and modification, is to produce effective and suitable systems that
satisfy user needs.

9.2 DEVELOPMENTAL TESTING AND EVALUATION

UAV Program Managers conduct joint DT&E throughout the system acquisition proéess
and life cycle to ensure that the DoD gets an effective and suitable system. Decisionmakers will
use DT&E results to help decide whether the system is ready for dedicated OT&E. DT&E ‘is
conducted on components and subsystems at all levels, as well as on whole systems, and covers:

. Preplanned product improvements testing

. Hardware and software integration testing
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. Modification testing
*  Qualification testing

. Initial production acceptance tests.

To accomplish UAV DT&E requirements, it is necessary to resource and schedule DT&E
activities using the multiservice test facilities while minimizing significant investment in
improvements to the various facilities. For eiample, coordination between the UAV JPO and the
Naval Air Warfare Center (NAWC) is underway to develop a land-based ship motion simulator
through modifications of existing simulator hardware to meet shipboard UAV objectives.

9.3 OPERATIONAL TESTING AND EVALUATION

The planning and execution of OT&E for UAVs are conducted by the Multiservice
Operational Test and Evaluation Force, with the USN as the Executive Service. At this time, the
US Navy has designated the US Army Operational Evaluation Command as the principal
Operational Test Agency (OTA) for conduct of the Tactical UAV operational testing. A matrix
depicting current developmental test/operational test (DT/OT) test sites for UAV systems
covered in this plan is at Table 9-1.

Adequate OT&E entails portraying operational test realism. This requires test sites that
possess representative topographical and climatic environments of areas where the UAV system
may be deployed, the integration of interfacing and supporting units, and complex target arrays
simulating threat forces. Accordingly, formal operational testing for UAV systems requires
strong user involvement to ensure the system is operationally effective and suitable. This may
require substantial resources, personnel, materiel, and test sites. Participating in training
exercises, combined arms exercises (CAXs), and field training exercises (FTXs) may help reduce
these expenditures if test controls can be maintained.

Integrated logistics support (ILS) for UAV systems is evolving and will require definition
and maturity to support formal OT&E. Respective ILS plans for each of the UAV systems are an
integral part of both developmental and operational test planning and execution, and will be
employed to ensure early identification and optimization of critical logistical elements. Logistics
support for a UAV system may not mature durihg testing but must be sufficiently developed to
allow operational personnel to perform organizational-level maintenance during OT&E.
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Table 9-1 DT/OT Test Sites

UAVSRe 1 2 3 4 [} [ 7 (] ® © f -]
| Maneuver IAV/Sensor
Vanant jemo betore
RFP releass
Tactical vabilty FQAPand |[Sensor Erwwon- Propuison
sansor, LUT [captive carry | mental &
+0A 3-8 Trans-
Jponabity
Vanant besed test
Mediurm Mini-carmer . |rospana ) : Propuision
Medium FOLPand |FQAP and
ARitude sensor sansor
Endurance ——
Piorwer [ Opmannte-
Nance
ain
DEMONSTRATIONS
EXCRONE  [FQAP and GPS/auto-
jpaytond nav deveiop
jintegration
Pointer Acoept teet, UGV demo Payioad
! GPS/auo- ) {Bevetopment
nav develop .
MAVUS Wi FQAPand | Data ink
. ausoland
develop-
- ment
TRUS Ro&P
VLAR FaP
1. NAWC-AD, Patuxent River, MO 5. Yuma Proving Ground, AZ 9. Defense Evaiustion Support Activity. NM
2. NAWC-WD, China Lake, CA 6. Fort Huactuca, AZ 10. Fort Sdl, OK
3. NAWC-WD, Point Mugu, CA 7. Redstone Arsenal, AL 11. NSWC Dehigren, VA
4. Hil AFB, Dugway, UT 8. White Sands Missile Range, NM 12. NAWC-AD, Trenton, NJ
FQ&P = Flying Qualities and Performance UGV = Unmanned Ground Vehicle NAWC-AD = Naval Ar Wartare Conter - Aircraft Div
LUT = Limited User Tost NAWC-WD = Naval Ar Warfare Conter - Weapons Div
OA = Operationa! Assessment NSWC = Neval Surtace Wartare Center

The predicted survivability of a UAV system in a combat environment is a critical factor
that must be quantified in cost-effective terms to a reasonable level of confidence. The use of
destructive field tests involving a panoply of air defense weapons integrated into a realistic
combat scenario and firing live ammunition is extremely expensive. However, by use of.
nondestructive field tests, vulnerability and survivability can be determined to a reasonable level
of confidence using computer simulations incorporating force-on-force models. Operational
training exercises also hold potential for determining UAV survivability at reasonable cost.

To accurately predict UAV system survivability in an operational environment,
representative user personnel must be employed to obtain tactical expertise and specific training.
Such personnel will perform mission planning to determine the best solution for both mission
accomplishment and system survivability. To assure that only certified computer models are
employed in the analysis of operational UAV survivability, the services of the
Survivability/Vulnerability Information Analysis Center (SURVIAC), a DoD technical center
with acknowledged expertise in aircraft survivability, will be used.
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9.4 DEFEN_SE EVALUATION SUPPORT ACTIVITY UAV EFFORTS

The UAV JPO has established a Memorandum of Understanding with the Defense
Evaluation Support Activity (DESA), Kirtland AFB, NM, to conduct joint UAV operations and
systems evaluation efforts. The DESA, an OSD activity reporting to the Director, Test and

" Evaluation (T&E), is chartered to provide a broad spectrum of T&E support to both DoD and
non-DoD agencies. Primary objectives and goals concerning the DESA support to the UAV JPO
include: g

. Developing an operations and technical maintenance capability to
support UAV systems demonstrations and evaluations

. Developing a T&E strategy and use of DESA’s T&E capability and
association with multiple government agencies (both DoD and non-
DoD) to conduct timely evaluations of UAV systems and associated
sensors for DoD and non-DoD mission applications

. Providing a cost-effective UAV support capability geared toward
rapid evaluation of UAV systems and associated equipment.

The DESA has provided or supported operational demonstrations of UAV capabilities using the
Pointer UAV system for various government and nongovernment activities. In particular, a UAV
evaluation effort has been established with the National Guard Bureau to evaluate UAV
applications in both federal and state National Guard mission areas. Initial evaluation efforts are
on-going with the Pointer UAV in support of the Oregon National Guard. National Guard
support is provided to many civilian agencies and this effort provides an excellent opportunity to
identify and assess civilian applications of UAVs and to establish baseline data on the UAV
'JPO’s hand-launched UAV concept. Additionally, the DESA is working with local, regional and
national Federal Aviation Administration (FAA) elements to address airspace 'management and
safety certification processes for UAV operations in both military and civilian applications.

9-4



10. INTEGRATED LOGISTICS SUPPORT

~ The UAV Joint Logistics Steering Panel (JLSP), chartered by the UAV JPO and
consisting of the Defense Logistics Agency (DLA) and each UAV program Integrated Logistics
Support (ILS) manager (lead ahd participating), was established in J‘anuary 1992. The JLSP
provides consolidated and coordinated ILS guidance for the UAV ILS community, including
UAV initiatives with organizations and systems such as: |

. Joint Logistics Center of Excellénce (JL-COE)

. Joint Logistics Management Information System (JLMIS)
| . Joint Logistics Assessment (JLA)

J Joint Logistics Assessment Review Group (JLARG)

. UAV Computer-Aided Acquisition and Logistics Support (CALS)
System.

Efforts continue to refine joint logistics operating policy, plans, and procedures
compatible with OSD and UAV JPO guidance for the family of UAVs. New ILS opportunities
for improving UAV operational readiness with economy will be identified and nurtured to
fruition.

The following are the logistics initiatives completed in 1993. The UAV JPO:

. Finalized the UAV Family Configuration Management Plan and
established the UAV Family Configuration Control Board

- Developed and implemented joint standardized nomenclature and a
mission design series numbering system for nonlethal UAVs to
provide a common identification that accurately describes the current
and future UAV programs

. Surveyed and identified existing common and peculiar support
equipment and automatic test equipment which may be applicable to
UAV systems to minimize cost and reduce inventory redundancy

. Reviewed UAV systems' acquisition program documentation to
ensure that supportability characteristics are accorded consideration
equal to performance, cost, and schedule

. Developed and published a Capstone UAV ILS Planning Guide for
use by program personnel ,

. Established logistics constraints for maximum weight and volume of
organizational level support equipment. This provides the most
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