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Usage Growth

MQ-1, MQ-9 & RQ-4 = Class IV/V RPA
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Manning Growth

Our #1 manning problem in the Air Force
IS manning our unmanned platforms

A >70% of exploiters and maintainers

v

Global Hawk Predator
M Pilots

M Sensor Operators
© Maintainers

M Exploiters

W Other
300 per CAP 168 per CAP
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Need Human Centered
Ground Station Design
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Collateral Damage

newe wi |l | not win based on the n
Instead on our ability to separate insurgents from the center
of gravity-t he peopl eé. 0 Baraees al Da

A RPAs enhance civilian protection
A Highly precise, multisensor ISR improves target ID
A Persistent, wide-area surveillance improves
A Situation awareness Scorpion
A Acquisition/maintenance of positive ID Low Collateral Damage/
_ _ Directed Lethality
A Tactical patience

A Increased connectivityA mor e Nneyes on targe
expertise/oversight

A Precision strike/low collateral damage (LCD) munitions
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How will RPAs Change?

Today

Tomorrow

Manpower Intensive

Autonomous (pilot, sense, exploit)

Manually exploited full motion
video (FMV)

Wide Area Airborne Surveillance (WAAS), on board PED,
real time cross cueing

Human nAin the | oo

pla man Aon the | oopo

Low Situational Awareness (SA)

Super SA (fused sensor s, hea

Manual Airspace Management

Autonomous Airspace management and deconfliction
(e.g., onboard sense and avoid)

Individual platforms

Multi-platform collaboration, manned/ unmanned

Collateral damage/fratricide
manually managed

Near zero collateral damage/fratricide

Continuous communications

Intermittent, autonomous communications

Uncontested battlespace

Contested (kinetic air/ground, EW, cyber) driving stealth,
defenses, secure comms, €

Limited missions (ISR, strike)

Multi-mission capable (EW, counterair missile trucks,
refuel, ...) via modular platforms, payloads, comms, and
operator interfaces
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United States Air Force
Chief Scientist (AF/ST)

Technology Horizons

Priority Technology Areas

A Autonomous systems A Spectral mutability g
A Autonomous reasoning and learning A Dynamic spectrum access
A Resilient autonom . .
A _ y A Quantum key distribution
A Complex adaptive systems _ _ _ _
A V&V for complex adaptive control A Multi-scale simulation technologies
A Collaborative/cooperative control A Coupled multi-physics simulations
A Autonomous mission planning A Embedded diagnostics
A Cold-atom INS - ..
- : : A Decision support tools
A Chip-scale atomic clocks
A Ad hoc networks A Automated software generation
A Polymorphic networks A Sensor-based processing
A Agile networks A Behavior prediction and anticipation
A Laser communications N . :
. _ A Cognitive modeling
A Frequency-agile RF systems

A Cognitive performance augmentation

A Human-machine interfaces

RPA OR RPA RELATED IN RED

www.af.mil/shared/media/document/AFD-100727-053.pdf 8



A Beyond traditional surveillance and
Kinetic strike roles

A
A

A

A Advancing vectors

A
A

> > >» > > >

Humanitarian relief
Homeland security
Civilian employment

Endurance

ISR coverage, accuracy,
diversity

On board processing

Autonomy
Distributed/Cooperative
Survivable i Stealth, EW
In-flight automated refueling
Directed energy (laser and HPM)
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New unmanned aircraft systems (VULTURE)
and airships (ISIS) can remain aloft for years

Delicate lightweight structures can survive
low-altitude winds if launch can be chosen

Enabled by solar cells powering lightweight
batteries or regenerative fuel cell systems

Large airships containing football field size
radars give extreme resolution/persistence
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A Multi-spot EO/IR cameras allow individually
steered low frame rate spots; augment FMV

Gorgon Stare now; ARGUS-IS will allow 65
spots using a 1.8 giga-pixel sensor at 15 Hz

>

>

Individually controllable spot coverage goes
directly to ROVER terminals on ground

>

Autonomous Real-Time Ground Ubiquitous
Surveillance - Imaging System (ARGUS-IS)
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Longer-Term: ARGUS-IS System
More Multiple Spots + FMV

ARGUSIS .
(DARPA & U.S. Air Force) ’
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New LIDAR Systems Allow Large-Area
Three-Dimensional Urban Mapping

>

Light Detection and Ranging (LIDAR) allows y 2
3D sensing with light-wavelength resolution

>

Allows detailed mapping of complex urban
areas from unmanned airborne systems

>

Merge with EO/IR images to give enhanced
spatial cognition and situational awareness

>

Low-collateral-damage strikes in urban
areas via target-quality 3D pixel coordinates
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A Aerial refueling of RPA from USAF tanker fleet is
essential for increasing range and endurance

A Requires location sensing and relative navigation
to approach, hold, and move into fueling position

>

Precision GPS can be employed to obtain needed
positional information

>

Once RPA has autonomously flown into contact
position, boom operator engages as normal

>

Key issues include position-keeping with possible
GPS obscuration by tanker and gust/wake stability

Strike UAV
Exec
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August 2006 initial flight tests of AFRL-developed
control algorithms for automated aerial refueling

KC-135 with Learjet-surrogate RPA platform gave
first - ahbadapproach to cor

Subsequent positions and pathways flight test
and four-ship CONOPS simulations successful

120minscont i nuousofifhoa nsdtsat i o
in contact position; approach from Y2-mile away

12 hrs ofoffimardadogs mati on f |
including autonomous position-holding in turns

Position-holding matched human-piloted flight
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A Autonomous mission optimization under
dynamic circumstances is a key capability

A Must address RPA platform degradation as
well as changes in operating environment

A Operator only declares mission intent and
constraints; RPA finds best execution path

A Vigilent Spirit is current implementation

[Ino-fly zones
@ UAV starting positions
— UAV 10
UAV 11

—-— UAV12
UAV 13
perimeter patrol segment
area sweep
target search
recovery point
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Optimized scalable solution methods
for multiple heterogeneous RPAs

Allows multiple RPAs to act as single
coordinated unit to meet mission need

Scalability of methods is essential to
allow future application to larger sets

np-hard problem; exponential growth
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Distributed/Cooperative Control of RPAs

>

Task coupling of multiple RPAs is key in
complex environments; e.g. urban areas

>

Must include variable autonomy to allow
flexible operator interaction with RPAs

p >

Allow dynamic task re-assignment while
reducing overall operator workload

Demonstrated in Talisman Saber 2009

>
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