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We hope that UTS can take the discussion of unmanned systems to a level
above that of popular media without becoming inaccessible to those new to this
increasingly popular subject. Scrolling through the magazine rack this year, we
noticed that unmanned systems made the covers of periodicals (Time), policy
journals (Foreign Affairs), and trade publications (Successful Farming), while
the venerable PBS show “Nova” produced a widely watched documentary on
the history and future of UAVs. It’s difficult to avoid the topic, partly because
of controversies surrounding UAV-launched missile strikes against terrorists
in Pakistan and Yemen and concerns over civil liberties in the U.S. While these
issues will not be the focus of UTS, we won’t avoid them (see pages 14 and 23).
Also unavoidable is the expansion of unmanned systems into the civilian world.
The unmanned systems industry—estimated by some to add some $82 billion
to the U.S. economy over the next 10 years—will get a huge lift from the FAA’s
Congressional mandate to integrate UAVs into the National Airspace System by
2015. The implications of doing so are intriguing, if still unknown. This premier
issue covers one of these, pilot training, from the perspective of a professor at the
renowned UAV program at the University of North Dakota. We look forward to
tracking these issues over the coming years.
The drama and politics of UAVs may draw the most eyes to the sky, but UTS
will try to take in a bigger picture: Land and sea systems warrant exposure
as well, and we plan on providing in-depth coverage. With the interest of law
enforcement piqued by declining prices and a plethora of options, tactical ground
vehicles have a bright future. Industrial and commercial uses will likely grow
in popularity as well (see page 26). The least heralded unmanned domain—the
sea—is nevertheless important from military, scientific, and economic vantages.
We suspect the anonymity will not last; after all, few predicted, to quote “Nova,”
the “Rise of the Drone” 15 years ago.
Lastly, the components that make up these systems—the organs, so to speak, of
the robots—will also make up a portion of every issue. Tracking developments in
everything from cameras and gimbals (see page 18) to wireless power (see page
30) and engine developments to controllers and LiDAR will be difficult, and we’re
hoping that readers can help by sending us notifications of the newest products to
hit the market.

DoD

Security & Border

DoD

y introducing a new magazine on unmanned systems, Tactical Defense Media
is branching out from its exclusive focus on the Departments of Defense
and Homeland Security. Though Unmanned Tech Solutions (UTS) will still
focus most of its efforts on tactical applications for robotics and remotely piloted
systems, this sector has never been exclusively military-focused—and neither will
we. From agriculture to search and rescue to wind turbine maintenance, small,
smart, and affordable vehicles are as much the future of “drones” and robots as
large, expensive aircraft patrolling combat zones.

Protection

Proud Members

2 | Unmanned Tech Solutions Fall 2013

We welcome your feedback on this inaugural issue of UTS.
Sincerely,
George Jagels
Editor
Unmanned Tech Solutions
george@tacticaldefensemedia.com

Sonia Bagherian
Publisher
Tactical Defense Media
soniab@tacticaldefensemedia.com

Managing Editor
Christian Sheehy
christian@tacticaldefensemedia.com

Assistant Editor
Nina R. Goodwine
nina@tacticaldefensemedia.com

www.tacticaldefensemedia.com

Drones
of the

Depths
The Present and Future of
Unmanned Undersea Vehicles
By Nina Goodwine

N

owadays unmanned aerial vehicles (UAVs) are
grabbing all the headlines in the defense-drone
realm. In early July, for example, Northrop
Grumman and the U.S. Navy completed the first arrested
landing of the X-47B Unmanned Combat Air System
(UCAS). According to Navy UCAS program manager
Capt. Jaime Engdahl, the significant feat confirmed that
“tailless unmanned aircraft can integrate seamlessly and
operate safely from an aircraft carrier at sea.” Two months
earlier, the system became the first UAV to be catapulted
from a Nimitz-class aircraft carrier and pioneered a string
of touch-and-go landings and precision approaches. With
these and other triumphs under their wings, it would seem
that UAVs are the premier choice in robotic defense.
But the skies aren’t the only playing field for
unmanned vehicles. Whirring beneath the tide is a
school of unmanned undersea vehicles (UUVs) poised for
headlines as big as those of their f lying counterparts.
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the UUVs to “perform survey missions such as detecting and
mapping submerged wrecks, rocks, and obstructions that pose
a hazard to navigation for commercial and recreational vessels.”
Systems such as the Woods Hole Oceanographic Institution’s
remote environmental monitoring units (REMUS) have completed
these types of missions. Several university research programs—
including MIT’s Odyssey and Florida Atlantic University’s Ocean
Explorer series—are working to enhance technology in the survey
area.

The Defense Connection

U.S. Navy Commander Task Group 56.1 guides a UUV for recovery during a training exercise on 11 June 2013 in Bahrain. (Navy)

What They Are, What They Do

In his 2002 article “Unmanned Underwater Vehicles: Beneath the
Wave of the Future,” Edward C. Whitman—editor of Undersea
Warfare, the official magazine of the U.S. submarine force—writes
that because self-propelled torpedoes are technically UUVs, these
robots have been around for more than century. They can be
divided into two strains: remotely operated vehicles (ROV) and
autonomous underwater vehicles (AUV). ROVs are wired to ships
via an umbilical or a series of connecting cables that transmit
signals to the operator, while AUVs are programmed to complete a
specific mission, using built-in sensors to determine their locations
and returning to a pre-programmed site for data processing.
Suitable for commercial, academic, scientific, and recreational
uses, both types of UUVs can accomplish a variety of tasks.
For instance, they can inspect oil rigs, help scientists study and
collect organisms at levels far deeper than manned vehicles can
reach, and they can even help hunt for buried treasure. Usually
small in arenas other than defense, UUVs can be equipped with
a variety of sensors: the National Oceanic and Atmospheric
Administration notes that its robots are usually outfitted with
side-scan sonar, GPS-aided inertial navigation systems (INS), and
an acoustic Doppler current profiler (ADCP). These tools allow
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Whitman notes that “[because shallow and constricting waters,
challenging requirements, and asymmetric threats have made
submarine missions more dangerous], the Navy has been
active over several decades in developing [UUVs] as adjuncts
to conventional manned platforms in many of the submarine
missions that arise in expeditionary warfare.” As such, the Navy
first mapped its goals for the vehicles in its UUV Master Plan in
2000. The road map delineates nine UUV missions (see sidebar).
Among other suggestions, the Navy recommended coordination
with other unmanned programs; varied UUV classes (manportable, lightweight, heavyweight, and small); and the formation
of a balanced UUV technology program to achieve these goals.
Will Bundy, Ph.D., professor and director of the Gravely
Naval Warfare Research Group at the U.S. Naval War College in
Newport, R.I., sums those missions into three key areas. “The first
one is payload: What is it you want to carry in that UUV? What it
is that you want to do with that payload?” said Bundy. “Secondly,
it is a matter of having sufficient power to operate the UUV for
the mission, whether it’s a short mission or a longer one. Finally,
you must decide what size UUV you want to operate. It’s a matter
of deciding what the mission is, then having the engineering team
provide you the capability to complete the mission.” Summarizing
the UUV purpose further, Bundy notes two key drivers for
systems: 1) They provide a capability to multiply force capacity,
and 2) They allow the Navy to perform operations it wouldn’t want
manned vehicles to do.
The road map was updated four years later with fresh missions,
approaches, and technical suggestions derived from Navy changes
in platforms, guidance, and technology. With an estimated 450
UUVs in supply in 2012, the U.S. military has been working
diligently to achieve those objectives (see page 6 for a different
perspective). Although the mission categories are fairly extensive,
the Navy has most recently focused on the ability to detect mines
remotely. The greatest need for this capability is in denied areas,
and the Navy is concerned about reducing risks to sailors in minehunting operations. In a 2012 U.S. 5th Fleet-led MCM exercise
in the Persian Gulf—involving 41 nations and 70 square nautical
miles—18 UUVs uncovered fewer half of the 29 simulated mines.
Undoubtedly, there’s still work to be done in this area.

The Challenging Seascape

Though UUVs theoretically are capable of handling mine
countermeasures and other critical missions, with these robots
come challenges. Mick West, Ph.D., a senior research engineer
at the Georgia Tech Research Institute(GTRI), cites UUV
autonomy and sensing as two of the first hurdles the institute’s
Yellowfin program—based on a man-portable vehicle—is
investigating. “Ground vehicles have GPSs that allow them to do
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Although the mission categories
are fairly extensive, the Navy has
most recently focused on the
ability to detect mines remotely.
The greatest need for this
capability is in denied areas.
a lot of their navigation, whereas underwater, we just don’t have
that sort of technology,” said West. To surmount the autonomy
issue, the program is developing simultaneous local mapping
(SLAM) technology to allow the UUV, according to West, to
“simultaneously see its environment and then localize to [it].” That
capability is important if the robots are to be truly anonymous,
West said.
A second factor of the autonomy problem is the ability to
react to the environment. “If there are obstacles you’re not aware
of, you need to have an autonomous system that will allow itself
to react to something you may not have mapped,” said West. The
ability to sense ships is especially important, as monofilament
nets have been a problem, said West. “Those fishing nets are
all-encompassing. If you get in the way of it, you’re swept up. It
happens all the time with our gliders (small winged AUVs). That’s
the reason we have ‘If found, please return’ [signs]. [These AUVs]
crop up all over the world.”
Another demand on UUV development is communications.
West notes that “[in] the traditional method of using acoustics,
you’re bound by physics. You just don’t have the bandwidth to send
a lot of information acoustically between your underwater vehicle
and the surface.” As such, GTRI is developing technologies that
allow for communication without an umbilical. Another issue is
preventing biofouling, the accumulation of organisms on UUV
surfaces. UUVs need to be resistant to the corrosive environment
and able to shield themselves against algae and fish. West and
his team think they lost one of their gliders after a remora (i.e., a
suckerfish] attached itself to it. Even with that small amount of
weight, West noted, the glider couldn’t resurface. “You need to
either have a smart structure that allows you to compensate for any
changes in your hydrodynamics—how your vehicle moves through
the water—or you need to have some inhibitant that doesn’t allow
the biologicals to grow,” explained West.
But besides autonomy, communications, and biofouling
prevention, power and energy is probably the most pressing issue
for UUVs. The Navy is pushing industry to develop vehicles that
can operate autonomously for long durations, a capability not
currently realized. “Adm. [Gary] Roughead [former chief of naval
operations] had a big push for that,” said West. “To really get
these vehicles to be useful for our warfighters and our military,
they need to last out there in the environment much longer than
a few hours or even days. They need to be out there for weeks
and months in order to be a useful asset for us.” Currently, the
Office of Naval Research is looking for technologies that allow
the large UUV to survive for up to 70 days in the littorals. The
technology must be energy-dense, air-dependent, rechargeable,
and refuelable—and nuclear power isn’t an option. “We’re looking
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Nine UUV Missions

surveillance,
1 Intelligence,
and reconnaissance (ISR)
2 Inspection/identification
3 Communication/navigation network node
4 Mine countermeasures (MCM)
5 Anti-submarine warfare (ASW)
6 Time-critical strike
7 Oceanography
8 Payload delivery
9 Information operations

*U.S. Navy UUV Master Plan, 2004

at some advanced batteries—silicon anode batteries—that will
extend the [life of] lithium polymer batteries by about ten times,
which would be significant,” West said. Still, the right power and
energy source may take years to develop.

Looking Ahead

Developing UUVs that are autonomous, long-lasting, and selfprotecting are critical challenges to the Navy’s mission. is not
fazed by the obstacles. “It’s about having persistence and having
a vision and master plan for where we want to go with unmanned
systems,” Bundy said. He points to the aforementioned X-47B
accomplishment as an example. “It’s just a matter of applying the
technology we have and evolving that technology to do the various
missions and provide the capability we desire to have.”
A few pots are simmering to start that evolution: In 2012, the
Navy awarded FuelCell Energy a $3.8 million contract to develop
a UUV power system. In April, General Dynamics initiated
development of the Knifefish, a UUV that will help protect the
Navy’s Littoral Combat Ships from seafloor mines. It is expected
to be operational in 2017. And in early July, Bluefin Robotics
announced that its Bluefin-21, a modular AUV that can carry
multiple payloads and sensors, can now operate at a depth of more
than 14,000 feet—a major upgrade from the previous 4,921 feet.
Though developmentally behind their aerial kin, UUV
development is poised to accelerate; UAVs, after all, made great
strides in the last decade when their value was fully recognized.
With time, Bundy is confident that the U.S. military and industry
can accomplish that goal. “It’s really about vision and innovation,”
he said. “And I think we do well in that area.”
More info: nina@tacticaldefensemedia.com
Lead art: U.S. Navy Aerographers Mate Airman Howell Walls, assigned to
Naval Oceanography Mine Warfare Center, prepares to push off an unmanned
underwater vehicle as part of a training exercise during International Mine
Countermeasures Exercise (IMCMEX) 13 in the U.S. 5th Fleet area of
responsibility 17 May 2013. (Navy)
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Pivoting with Foresight:
The Navy Needs a New Fleet for a New Era
By Phil Spencer and Robert Morris

H

ow much more important are aircraft than naval
craft? According to the DoD budget, more than one
hundred times. Unmanned aircraft receive more than
one hundred times the investment of all unmanned maritime
craft. Even as a former Army officer and a former Air Force
officer, we cannot claim that aircraft are a hundred times more
important than ships. The Navy is underfunding unmanned
maritime by at least an order of magnitude. Despite talk of
developing such systems, the Navy’s budget does not ref lect a
serious commitment to fielding them. Much like the Air Force
six years ago, the Navy is dragging its feet on robotic platforms.
Before September 11th, none of the services were f lying
significant hours. Once the war in Iraq began, the Army
quickly understood the value of their unmanned aerial system
(UAS) programs and accelerated them. From 2005-2007, the
Army out-f lew the Air Force as the ground commanders
kept asking for more drone time. In 2006, former Secretary
of Defense Robert Gates’s staff demanded that the Air Force
embrace unmanned aircraft. Two years later, the Air Force
retook the lead over an ever-expanding number of Army UAS
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f light hours, and has retained it ever since.
The Air Force is undergoing wrenching but necessary
cultural and organizational changes as a result of this new
emphasis on unmanned aircraft. Just think about how much
the Air Force has changed technically, logistically, and
culturally to have the tip of their spear controlled from Las
Vegas instead of in theater. The Navy is in store for wrenching
changes of a similar magnitude—though probably different, if
no less important, ones.
The Navy faces a strategic dilemma of great importance,
one that could even invite a war: its f leet is unsustainable.
Costs to maintain the kind of f leet we have today are growing
above inf lation, and the budget in real terms is set to shrink in
the coming decade. Additionally, as adversaries acquire better
precision weapons, the Navy needs more of the kind of ships
it has today to perform the same mission. And despite having
half the world’s naval spending, our f leet’s composition is not
delivering the results the U.S. needs. During its first term,
the Obama administration ordered a Pacific realignment to
postpone confronting this issue, but an urgent imperative for
change remains.
Just as a new kind of air power was
needed in the last decade, it is time for a
new kind of f leet. The Naval War College’s
Strategic Studies Group and the Chief
of Naval Operations’ intelligence and
networking staff, amongst others, believe
that unmanned systems are the organizing
technology for future f leets. They contend
that the U.S. f leet should be comprised of
thousands of unmanned craft and fewer
specially optimized capital ships working
seamlessly together. A nice idea, but against
bureaucratic inertia and program lead times,
does such a transformation stand a chance
of happening soon? There is a way forward,
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but it involves a lot institutional pain to the Navy and requires
leadership, especially from Congress.
Having lived through the unmanned revolution in the
Army and Air Force, it is obvious to us—in a way that it might
not be to senior naval officers—that unmanned systems force
their users to adopt a new operating model. To discover the
new model, operational units must experiment with these
systems in the field (or at sea). The Navy’s anemic spending on

disposable—by giving up the ability to do more than position
themselves and sense in a coordinated way. An example of this
kind of craft in operation today is the Liquid Robotics SHARC,
and there are many other solutions. Their low cost allows these
platforms to be deployed much longer and in more places than
the U.S. could ever hope to put ships or subs. These sensor nets
call home when they acquire a target, thus allowing one ship or
sub to patrol an area that used to require a dozen.

The stakes are too high to delay. The U.S. can let the Pax
Americana fade with the strength of its legacy fleet, or secure
it for another half century before firing a shot.
unmanned maritime does not allow for such experimentation.
To begin the Navy’s unmanned transformation, there is
no need for long lead time programs or lots of R&D. What
is required is the boldness to act today and the acceptance
that unmanned systems will dramatically change the f leet.
There are three types of systems that could change the f leet
dramatically—and impact its sustainability—that require no
new technology development.
First, large, shore-launched unmanned underwater vehicles
(UUVs) could take on some current submarine missions.
They have to be shore-launched because the true barrier to
previous UUV programs was that they had to be safe aboard
ships or submarines and provide prodigious amounts of energy
for propulsion and systems. By launching from the shore,
the chemistry of an underwater rocket ship is acceptable.
The budget for one nuclear submarine would probably buy a
hundred of these large UUVs. We could replace one manned
submarine in the budget and more than double the number
of available units in the submarine force. Although these new
units are not as versatile as manned assets, their numbers
and presence would free manned assets for more challenging,
higher-value missions.
Second, large shore-launched surface vessels, similar
to DARPA’s Anti-Submarine Warfare Continuous Trail
Unmanned Vessel (ACTUV) program, are ready today. DARPA
has a fixed price contract for a $20 million unmanned warship.
Contrast this with a Littoral Combat Ship that costs more
than $400 million. The ACTUV is 20 times cheaper than
the warship the Navy designed specifically to be cheap and
“expendable.” These unmanned vessels offer the chance for the
Navy to pursue new strategies with its units. On land, Patriot
batteries, which are very similar in function to destroyers,
achieve survivability and coverage by splitting up their
vehicles. If an enemy shoots at their active radar, they just turn
on the other one that is hidden a kilometer away and shoot
back. Imagine how powerful our destroyers would be if they
didn’t give away the location of a $3 billion asset every time
they turned on their radar.
Third, several self-assembling sensor network platforms
can be acquired today. These systems are made cheap—almost
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Because Congress ultimately decides which ships the
Navy will buy, the Navy needs be out in front on this issue,
educating Congress people and giving them options for
future force structure. We are optimistic that if the Navy
were to do this, Congressional attachment to the status quo
would be overcome. There would be shipbuilding disruptions
in congressional districts, but these are coming eventually,
whether we want them or not. By proactively directing the
Navy to create an unmanned shipbuilding industrial base,
Congress could put American shipbuilding in pole position
for the coming century. As an added benefit, these renewed
shipyards would leverage America’s leadership in off-shore
petroleum and defense maritime technology while cementing
the U.S. shipbuilding industry as the leader in both military
and civilian applications for the next century. The Navy’s
investment in unmanned technology will benefit our economic
and national security interests in a way that adding to the
legacy f leet does not.
Congress and the Navy have real options to start
transforming the f leet from the Cold War to the information
age. The hard part is not building the systems: it is figuring out
how to make these systems work to accomplish missions. That
is only going to be done when these kinds of systems are out
operating in the f leet. First attempts are probably going to fail,
but that is a reason to get started sooner, not later. The stakes
are too high to delay. The U.S. can let the Pax Americana fade
with the strength of its legacy f leet, or secure it for another half
century before firing a shot.
Robert Morris and Phil Spencer are graduate business
students at Carnegie Mellon University. Robert is a former
Army RQ-7B “Shadow” platoon leader and consultant to the
Navy with Deloitte Consulting. His blog is robocosmist.com. Phil
Spencer is a former Air Force officer who worked in targeting
and computer forensics. He can be reached at pspencer@tepper.
cmu.edu.

More info: contact@tacticaldefensemedia.com
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USMC Tests Oshkosh
Unmanned Ground Vehicle
Technology
The TerraMax UGV (unmanned ground
vehicle) technology by Oshkosh was
recently used in the Marine Corps
Warfighting Laboratory’s (MCWL)
Cargo UGV project. During the project,
Medium Tactical Vehicle Replacements
(MTVR) equipped with TerraMax
technology seamlessly operated in an
eight-vehicle convoy of manned and
unmanned vehicles.
The goal of the Cargo UGV project
was to determine the feasibility of
reducing the exposure of Marines to
lethal attacks and the impact to current
operations, tactics, and procedures by
replacing some manned vehicles with
UGVs in logistics convoys. The project
was also used to assess the feasibility of
UGVs acting as a resupply multiplier.
Oshkosh TerraMax technology is a
scalable kit that can be integrated on any
new or existing tactical wheeled vehicle,
enabling them to complete planned
missions in full autonomous mode or by
“shadowing” a leader vehicle. TerraMaxequipped vehicles can maintain
prescribed convoy following distances,
function in all weather conditions and
operating environments, and retain
their original payload and performance
capabilities.
More info: oshkoshdefense.com/
terramax

A New Line of Heavy-Fuel
Engines for UAVs
NewsTech

3W-International will launch a new
range of 2-stroke, twin-spark heavy-fuel
engines for the UAV industry. 3W has
developed a range of 10 engines for UAVs
featuring a modified air intake system,
fuel injection, patented 3W-muff ler and
patented pre-heating crankcase solution.
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The range has been designed to increase
reliability and reduce fuel consumption
by 20 percent, compared with gasoline
engines of the same class.
The company has designed and
produced 2-stroke engines for 25 years,
and the majority of the new engines,
which have over 34ccm cylinder in
capacity, are available in twin spark
(TS) versions for superior reliability and
safety. The TS engines enable the second
ignition to run autonomously in the
event of first ignition failure, allowing
the engine to run further with reduced
RPM (between 100-150), depending
on the type of engine. 3W engines also
feature a microprocessor-controlled
ignition system to start the engine easily.
3W’s fuel pre-heating system
automatically reduces fuel consumption
when fuel passes the pre-heating unit,
and all models in the HFE engine
range run 20°C to 35°C cooler than
gasoline engines. The engines operate
with 2-stroke gasoline mix—JET A1,
JP 5 and JP 8—without recalibration
of the system. Heavy fuel is activated
in the pre-heated crankcase, which is
made from rapid prototyping, solid or
castings, depending on quantities.
More info: 3w-international.com

Microdrone Crosses
the Alps
Accompanied by helicopters and
cameras, the German company
microdrones GmbH’s type md4-1000
microdrone crossed the Alps via the
legendary Gotthard Pass between
Hospental and Airolo in early June. The
drone, equipped with an HD camera,
was experimentally launched from
Switzerland and f lew to Italy in adverse
weather. A professional stunt- and film
team monitored the complex record
f light, which took nearly 25 minutes.
“Such a f light is a very complex
challenge for a remote-controlled
quadrocopter, which requires a long
f light time, precision and durability
from the microdrone. There are many
unpredictable factors. That’s why
nobody has had a go at this experiment
yet,” explains microdrones CEO Sven
Juerss, one of the ground crew members
who accompanied the md4-1000 with a
Mercedes-Benz SL and GL 63 AMG.

Despite strong winds, sun, and snow,
the md4-1000 f lew fully automatically
across the roughly 7.5-mile distance,
avoiding power- and telephone lines and
a cable car.
More info: microdrones.com

Army Contract
Goes to iRobot
The iRobot Corporation has been
awarded a $30 million indefinite
delivery/indefinite quantity (IDIQ)
contract by the U.S. Army’s Robotic
Systems Joint Program Office (RSJPO).
The four-year contract, which replaces
an expiring IDIQ, allows for the delivery
of iRobot PackBot FasTac robotic
systems and associated spares.
An initial $3 million order under the
contract for spares has also been placed.
Deliveries under this order will be
completed by the end of 2013.
The PackBot allows military and
public safety personnel to investigate
dangerous objects and environments
from a safe distance. The robot is used in
a wide variety of operations, including
neutralizing roadside bombs and other
improvised explosive devices, screening
vehicles, and searching buildings,
bunkers, caves, and tunnels. iRobot
has delivered more than 5,000 robots
to military and civil defense forces
worldwide.
Frank Wilson, senior vice president
and general manager of iRobot’s
Defense & Security business unit, said,
“The Army recognizes the value of
the PackBot FasTac robotic system on
the battlefield, and we look forward to
continuing our work with RSJPO to
ensure the Army is well equipped to
maintain its f leet of PackBot FasTac
robots in the years ahead.”
More info: irobot.com

www.tacticaldefensemedia.com

Power MoBile DeviCeS
via SMBUS Battery or aC & DC Power

2590 SMBUS Battery
CaBleS
Lind 2590 SMBUS Battery Cables are designed to
interface with BB-2590 batteries,* with or without
the SMBUS. These Lind cables are also compatible
with other -xx90 military batteries.
Many optional configurations are possible,
including:
• Preconfigure for 12V or 24V
• On-board charge enable available
• With or without charge enable
• With or without SMBUS connections
• Various cable lengths and types available
• On-board diode isolation available
* NOTE : BB-2590 military battery not included

rUggeD aC/DC CoMBo
aDaPter
• Simultaneously power and charge laptops
and other mobile devices using an AC or
DC power source
• Computer specific design eliminates need
for multiple tips
• Safety circuitry protects sensitive devices
• Adapter housed in a rugged aluminum
extrusion for added durability
• Adapter is epoxy sealed to protect against
shock, moisture and high humidity
• RoHS, WEEE Certified

To learn more about how the 2590 SMBUS Battery
Cables or the rugged aC/DC Combo adapter
can meet your mobile power needs, contact Lind at
1.800.897.8994, via email at info@lindelectronics.com
or visit us online at www.lindelectronics.com.
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Pentagon Perspective

UAS Acquisition:
Overseeing
Pivotal
Programs
The next decade of unmanned systems acquisition
will be strikingly different from the previous 10
years. During wartime, quickly fielding an “80
percent” solution in an emergency was not
only acceptable but necessary. Whether those
systems integrated well across services or required
minimum manpower to run, for example, were
secondary concerns. That is no longer the case
now: Sustainment and cost-effectiveness are key to
maintaining the U.S. military’s unmanned systems
advantage. But this doesn’t mean the DoD plans to
freeze doctrine, acquisition, or development. Despite
budget cuts, change is afoot.
Mr. Weatherington was interviewed by Unmanned Tech
Solutions editor George Jagels.
Prior to joining the Office of the Secretary of Defense, then
Lieutenant Colonel Dyke Weatherington (USAF) was the
Program Element Monitor for U-2 and Global Hawk sensors,
data-links, and imagery standards within the Air Staff (Office
of the Assistant Secretary of the Air Force for Acquisition)
from 1997 to 2001. During this assignment, he also served as
the U.S. Head of Delegation to NATO Air Group IV in the ISR
mission area.
Previous experience includes a position as the Chief of
the Precision Targeting Branch at the Reconnaissance System
Program Office at Wright-Patterson AFB (WPAFB). Earlier Air
Force management and engineering positions included activities
at Ballistic Missile Office at Norton AFB and intelligence analysis
efforts at Foreign Technology Division (now National Air
Intelligence Center), also at WPAFB.

10 | Unmanned Tech Solutions Fall 2013

Dyke Weatherington
Director
Unmanned Warfare &
Intelligence, Surveillance, and Reconnaissance
Office of the Under Secretary of Defense
Acquisition, Technology, & Logistics
UTS: Please speak to your role and functions as Director,
Unmanned Warfare & Intelligence, Surveillance, and
Reconnaissance.
Mr. Weatherington: My primary responsibility is acquisition
oversight of DoD Unmanned Aircraft Systems (UAS) and
associated subsystems including sensors and communication
links within the OUSD (AT&L). Specific UAS programs of
record that I provide oversight for include the Navy Unmanned
Combat Air System (demonstration) (UCAS-D), RQ-4B Global
Hawk, MQ-4C Triton, MQ-1B Predator, MQ-1C Gray Eagle,
MQ-9A Reaper, RQ-7B Shadow, MQ-8B Fire Scout, and many
small UAS programs. I am also the functional lead for the
Deputy Secretary of Defense-directed UAS Task Force that
serves as a forum for the military departments to collaborate
on initiatives and resolving issues such as airspace integration
and interoperability. Additionally, I serve as the chair of the
multi-agency UAS Executive Committee Senior Steering Group
that addresses issues of UAS access to the National Airspace
System (NAS) for its members.
UTS: How is your office working to address the
challenges of changing threats to national and global
security through establishment of an unmanned defense
strategy for the 21st century?

www.tacticaldefensemedia.com

Pentagon Perspective

An MQ-1 Predator unmanned aerial vehicle sits in its hangar at Balad Air Base, Iraq awaiting its next mission. The MQ-1B is one of many unmanned platforms overseen
by Mr. Weatherington. (U.S. Air Force/Airman 1st Class Jonathan Steffen)

Mr. Weatherington: The National Military Strategy calls
for the use of innovative technologies to solve some of the
nation’s more complex national security challenges. The use
of unmanned systems by the DoD is a key force enabler and
is anticipated to remain so in the future. However, the use
of unmanned systems is not without its own challenges. The
2011 Unmanned Systems Integrated Roadmap expounds on
the technology challenges to their use and provides a vision
for increased warfighter capability in the future, focusing on
airspace integration and interoperability challenges among
others. The 2013 Unmanned Systems Integrated Roadmap will
be released later this year and continues the presentation of a
technical vision toward future capabilities.
UTS: From a domestic perspective, how is your office
addressing the challenges of transforming effective
policy into even more effective force training and
preparation in joint and cross-national unmanned
systems operation and integration?
Mr. Weatherington: With the drawdown of deployed
combat forces from Southwest Asia and the rebalancing
toward other regions, UAS will require rebasing and
associated training airspace to maintain combat capability.
Accordingly, DoD is addressing the processes, procedures,
and policy for integrating UAS into the NAS. As part of the
chartered objective of the UAS Task Force, the Department
developed and enacted a deliberate phased plan for airspace
integration taking into account changes to policy, technology
development, and affordability. Additionally, DoD is working
with the FAA, NASA, and DHS through the UAS Executive
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Committee to use policy changes to resolve issues with current
processes and procedures and to develop and demonstrate
procedures and technologies that safely expand and accelerate
UAS access to the NAS.
UTS: How is your office working to promote positive
relationships with foreign national offices for enhanced
readiness here at home?
Mr. Weatherington: We are collaborating with our North
Atlantic Treaty Organization (NATO) partners on the NATO
Alliance Ground Surveillance (AGS) program. Thirteen
nations have gathered their resources and talent to field five
high-altitude long-endurance UAS based in Sigonella, Italy.
The program is based on the Global Hawk Block 40, but has
much foreign design involvement and support. NATO will
operate and maintain the AGS on behalf of all 28 NATO
nations.
We are also working through the NATO Conference of
National Armaments Directors to increase NATO’s ability
to f ly unmanned aircraft in non-segregated airspace. This
capability will allow cross-border operations with unmanned
aircraft within NATO and to deploy to locations outside NATO
if required.
In addition to our strong NATO partnerships, we have
sold MQ-1 Predator and MQ-9 Reaper UAS to the United
Kingdom and Italy, and RQ-7 Shadow UAS to Australia. These
systems are currently, or have previously, deployed to Iraq and/
or Afghanistan, thereby enhancing our readiness. The handlaunched RQ-11B Raven UAS has also been sold to a number of
countries.
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There is a clear benefit for warfighters to be able to seamlessly
command, control, communicate, and share sensor information
from unmanned systems across all military departments.
UTS: With the DoD requirements for inserting more
unmanned systems in place of present or previouslymanned missions, what are some of the key challenges
you see facing your office looking ahead?
Mr. Weatherington: First, let me say that unmanned systems
are not the solution for every capability need. However, there
are many missions where unmanned systems make a lot of sense
and are the preferred solution. Of course, this is deliberately
considered by the warfighter before initiating their programs.
In some cases, a manned system may be more economical
and allow for a simpler acquisition. In other cases, unmanned
systems bring capabilities that cannot be achieved with a
manned system.
For the DoD, key challenges to operating UAS in the next
few years include a constrained DoD budget, issues arising from
redeployment from overseas contingency operations, continuing
advancement in specific capability areas such as logistics,
sustainment, and affordability. The constrained budget will
require prioritizing the UAS portfolio and devising innovative
ways to achieve cost savings and program efficiencies.
With fewer new programs on the horizon, logistics and
sustainment of the existing fleet will have even greater
importance. Although we focus on program development, the
Department’s biggest investment is operating and maintaining
its systems. The Department will need to take advantage of
cost savings. For example, our depot maintenance activities
will consolidate many maintenance tasks with existing aircraft
maintenance product centers. Also, DoD must maintain
data rights to maintain its systems organically as well as find
maintenance training synergies.
UTS: As the U.S. leaves conflict zones with very
permissive airspace, please discuss efforts to
make UAS less vulnerable to traditional anti-aircraft
weaponry as well as hacking.
Mr. Weatherington: Our current systems were not designed
with survivability in mind. However, as the DoD considers
Anti-Access and Air-Sea Battle concepts where a high threat
employment scenarios for UAS are likely, new requirements in
this area will be considered. Once the Joint Force requirements
in the survivability area change, we expect our technical
acquisitions will become more robust in this area as a result.
UTS: What do you believe is the biggest risk to the
unmanned fleet as a result of budget cuts? What, in
other words, are you looking to guard against?
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Mr. Weatherington: As the armed services prioritize their
technical investments toward fulfilling joint capability needs with
available budget resources, the biggest risk to the unmanned fleet
is delaying the fulfillment of capability needs while beginning
development of new concepts. It’s a difficult balance between
enhancing current investments and acquiring new capabilities.
Our office analyzes that risk and provides unbiased evaluation of
the current programs as they are weighed against new acquisitions.
UTS: Feel free to discuss any accomplishments and
current or long-term objectives your office has achieved
or is working to realize.
Mr. Weatherington: In dealing with the current fiscal
environment, we have spearheaded numerous initiatives to
improve better buying power for the warfighter as well as the
taxpayer. We are actively engaged on numerous fronts to identify
and eliminate inefficient fiscal practices in unmanned warfare.
One example is joint interoperability, not only within the DoD but
also with other governmental and multinational agencies. There is
a clear benefit for warfighters to be able to seamlessly command,
control, communicate, and share sensor information from
unmanned systems across all military departments. Historically,
the military departments relied heavily on a dedicated design
and development structure for each and every unmanned system.
This resulted in a variety of closed unmanned systems that, while
capable, lacked the ability to effectively collaborate with other
systems.
In addition to the operational drawbacks of operating multiple
dissimilar platforms, developing and producing so many disparate
systems proved to be very costly to the taxpayer. Therefore, we
are now designing an unmanned systems open architecture that
will allow ground control station components to be developed
once, rather than being constantly redeveloped for each fielded
unmanned system.
From an acquisition perspective, this endeavor will encourage
competition and innovation, field interoperable systems more
rapidly, encourage component software reuse, and ultimately
minimize total ownership cost. From an operational perspective,
this will improve warfighter capability by enhancing crossservice interoperability while allowing operators to benefit
from best of breed solutions that enable system growth. In the
acquisition process, interoperability is arguably just as important
as cost, schedule, and capability. In this area, we are on a path to
significantly enhance warfighter capability while also being more
disciplined with our defense dollars.
More info: www.acq.osd.mil/sts/organization/uw.shtml
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securing the skies

I

f they ever existed, the days of an American monopoly on military
unmanned aerial systems (UAS) are surely over. While many
countries building new systems are NATO members or longtime U.S.
allies, some are not: China, Russia, and Iran produce UAS of varying
degrees of sophistication. Much like in the recent past, the Pentagon
must deal with both a foreign military challenge—at least 76 states
now possess UAVs—and a more asymmetric threat. With the growing
capabilities of small UAS comes greater access for non-state actors
such as terrorist groups and drug cartels. This still-murky asymmetric
threat—particularly as U.S. airpower remains unquestioned—presents
an interesting challenge for the Pentagon.
Though the services were unable to comment on much of their
counter-UAS doctrine and programs, they are developing them. Since
2010, an annual joint exercise called “Black Dart” has tested capabilities
on this front. Late last year, the Army held a meeting at Fort Sill, OK,
with allied and industry representatives to discuss countering enemy
UAVs. The Navy will deploy a laser weapon system designed to destroy
missiles and pilotless aircraft to the Persian Gulf next year.
In general, counter-UAS efforts can be divided into two approaches:
kinetic and non-kinetic. The former consists of traditional air defenses;
the latter, still inceptive, entails jamming and hacking control and data
systems. North Korea is suspected to have jammed a South Korean
remotely piloted helicopter that crashed last year. Iran says it hacked
a CIA drone, causing it to crash-land in their territory in 2011. While
these methods could prove useful to the U.S. and its allies, large UAVs
like the Predator—which manned aircraft can easily shoot down—
might not be the most immediate concern.
Against small UAS, other technologies might prove invaluable.
Dr. Timothy Chung, Assistant Professor of Systems Engineering and
Director of Research and Education for the Consortium for Robotics
and Unmanned Systems Education and Research (CRUSER) at the
Naval Postgraduate School (NPS) in Monterey, CA, says that the
threat from small UAS is related to the “lowering costs of acquisition
and employment of UAVs, rapid proliferation and variety of UAV
technologies—either through military and industry avenues or through
rapidly growing consumer and commercial arenas—difficulty in
[developing] capabilities [to detect] relatively smaller and/or slower
UAVs, and rules of engagement issues, including how to positively ID
threat UAVs.”
Chung notes that, aside from kinetic approaches, one way to
counter these are “tactical counter-measures, including advances in
standoff detection/classification capabilities and layered defenses.”
However, he stresses that the issue of locating, classifying, and
intercepting targets is far from solved.
Our research shows that there are few dedicated counter-UAS
systems available. SRC, Inc. of Syracuse, N.Y., has configured existing
systems into the Vigilant Falcon, a “non-kinetic, turn-key solution
to negate UAS threats,” particularly low-flying-, slow-flying-, and
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How will the U.S. military fend
off unmanned aerial systems?

By George Jagels

small-size (LSS) systems. Designed to counter small UAS, SRC’s
system analyzes UAS signatures and kinematics for classification
and identification. Tom Wilson, Product Accounts Vice President at
SRC, tells us, “Vigilant Falcon integrates three mature systems (radar,
electronic warfare, and optical), each tailored to support the detection,
tracking, classification, identification, and negation of LSS UAS.”
Given the dissemination of troops in small-scale conflicts, for
example, an effective counter-UAS system should be relatively easy to
deploy. “Vigilant Falcon is … a low-cost, lightweight, and mobile system
[that] can be emplaced on tripods or integrated into a single vehicle.”
Other benefits he cites are low potential for collateral damage, low cost
per kill, and countering raid-type attacks.
At NPS, Dr. Chung has worked on “defensive swarming”
techniques, which include launching tens, if not hundreds, of UAVs at
once to disrupt enemy systems. Though not the only solution to the
counter-UAV issue, Chung says, “[The] advantages of a defensive swarm
could include … potentially confusing the enemy by presenting many
dynamic contacts, [and such a] swarm may be endowed with sufficient
autonomy and perception abilities to target hostile threats on their own,
for example, thereby alleviating operator workload and potential for
error or delay.”
The swarming option presents some difficulties.
Chung mentions three in particular:
• logistics and manning (“To deploy/recover such swarm UAV systems,
new methods for logistic support and manpower are required.
Advances in automation may yield better ratios than currently
employed for number of personnel per UAV.”);
• c ommand and control (“Traditional methods of interfacing with
a single UAV are not scalable to larger swarms; new methods for
interacting with multiple agents at the tactical command level …
are necessary.”); and
•n
 etworking (“Conventional architectures require all assets to
communicate directly with base stations, but such hub-and-spoke
architectures are both inefficient and intractable for large swarms;
hence, new paradigms for C2 and for intra-swarm networking are also
open challenges.”)
Chung contends that swarm capabilities will become both more
“operationally relevant and technologically feasible in the coming years”
as robotics and autonomy further develop. To make this happen, Chung
envisions a “swarm vs. swarm” competition that provides innovators
with a venue to test and share ideas. He hopes that the competition,
slated for 2015, will drive advances in both swarm technologies and
other important areas through “crowd-sourced innovation.”
As the counter-UAS issue is still in its infancy, expect the Pentagon
to keep an eye on the unmanned skies for a long time to come.
Lead art: The Laser Weapon System (LaWS), developed for the U.S. Navy
to defeat UAVs and other platforms, will be deployed next year. (Navy)
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An unarmed U.S. Customs and
Border Patrol Predator. (CBP)

UAVs on the Frontier
A Conversation with House Unmanned Systems Caucus Co-Chair Rep. Henry Cuellar
By George Jagels

E

ncompassing parts of San Antonio all the way south to
the border towns of McAllen and Laredo, Texas’ 28th
congressional district shares hundreds of miles of border
with Mexico along the Rio Grande. It seems that in places like
these, “securing the border” will be played out. Congressman
Henry Cuellar, who has represented the district since 2005,
has supported the use of Guardian and Predator systems by
Customs and Border Protection (CBP) for years. A co-chair of
the House Unmanned System Caucus, Rep. Cuellar discussed
using unmanned aerial vehicles (UAVs) to guard the frontier
with this magazine earlier this year.
Rep. Cuellar’s interest in unmanned systems is rooted the evercontroversial issue of immigration reform and border security. “I
live on the border,” he said. “And the debate … we see today on
the border on homeland security is ‘put in a fence.’ I disagree with
[this] because I think a fence is 14th-century solution to a 21stcentury problem.”
Part of Rep. Cuellar’s solution is attaining the “right mixture
of personnel, technology, and procedures” to address border
security in a smart way. On technology, Cuellar said “we need
to look at cameras, sensors, aerostats, and UAVs … to get a good
multiplier effect to address these issues.”
Cuellar contends that UAVs can be effective at numerous
other purposes—agriculture, research, media, and aiding first
responders—besides defense and homeland security. “When
the BP explosion occurred in the Gulf of Mexico [in 2010], for
example, the CBP sent a UAV to see what happened.”
Privacy issues surrounding the use of unmanned systems have
become a major point of debate between advocates of wider UAV
usage and those against it. Take, for example, Senator Rand Paul’s
nearly 13-hour filibuster on the danger of drone strikes in the
U.S. or Florida’s recent law curtailing the use of drones without
a warrant. Though Cuellar doesn’t want to ignore these issues,
he contends that these concerns have been addressed extensively.
“The privacy issue has been addressed in the past by the courts;
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the difference here is the different type of platform. … The Fourth
Amendment search-and-seizure- and privacy issues have been
addressed in different ways. In your home, generally speaking,
there’s a lot of privacy. If you’re in a business, then you get privacy,
but not as much as your home. If you’re in [areas covered by] the
open-field doctrine, then you’ll get less privacy. And a lot of [UAV
activity] will fall under [this doctrine].”
Cuellar contends that the UAV issue—particularly as the
Federal Aviation Administration is now mandated to integrate
UAVs in the National Airspace System—requires more attention
from Congress. In addition to stirring passions, he said that the
potential for the use of drones in domestic airspace has united
some on the left and right of the political spectrum. He says he’s
willing to review statutory changes to address the concerns of
privacy violations. The Congressman reiterated that position
at a forum on privacy issues the Unmanned Systems Caucus
held in March 2013, which brought together representatives
from government, industry, law enforcement, and civil liberties
organizations.
Looking at the DoD and sequestration in general, Cuellar
wants to use surplus UAS from the military as a way to save money
and augment border security. This could help negate a downside—
high cost—to large UAVs. He also notes that these systems might
assist partner nations in the Western Hemisphere combat criminal
networks. “They’ve been paid for already,” the Congressman said.
“The question is: Do we have money to pay for the operations and
maintenance? For those systems that are adequate [to the task]…
we have to figure out how to get assets that are paid for already
brought back and used for border security.”
In a remarkably divided Congress, the caucus is a bipartisan
group looking to educate members on the current and future
developments in the unmanned systems industry. The group
hosts lectures, forums, and technology show-and-tells. Put simply,
Cuellar says, “The group does a good job at educating members on
what UAVs are all about.”
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CommandProfile

Army’s Project Management Office
for Unmanned Aircraft Systems
By Marty Shelton, Contractor Wyle/CAS, Inc., PM UAS

s of 1 July 2013, Army unmanned aircraft systems have
collectively flown approximately 1.8 million total hours, with
90 percent (or 1.6 million) of these hours in direct support
of Overseas Contingency Operations (OCO). Maneuver units such
as infantry, scout, aviation, and artillery as well as intelligence units
benefit from the availability and overall effectiveness of UAS.
While the primary UAS mission is to provide tactical
reconnaissance, surveillance, and target acquisition (RSTA), the Army’s
UAS fleet performs myriad other functions including intelligence,
surveillance, and reconnaissance (ISR); battle damage assessment
(BDA); persistent stare for around-the-clock lethal- and non-lethal
operations; convoy overwatch; and anti-ambush/improvised explosive
device (IED) emplacement.
PM UAS currently manages four Programs of Record (POR): Gray
Eagle, Shadow, Raven, and most recently the One System Remote Video
Terminal (OSRVT). In addition to these programs, the organization
also manages the acquisition and sustainment of the Hunter, Sky
Warrior Alpha, Gray Eagle Block 0, and Puma unmanned aircraft
systems as well as the Universal Ground Control Stations (UGCS).
PM UAS also serves as the DoD lead for developing ground-based
sense and avoid (GBSAA) technologies for integration of UAS into the
National Airspace System (NAS).

Medium Altitude Endurance (MAE) Product Office

The MAE Product Office manages the MQ-1C Gray Eagle Unmanned
Aircraft System. The Gray Eagle provides Division Commanders a
much-improved real-time responsive capability to conduct long-dwell,
wide-area RSTA-, communications relay-, and attack missions with
the addition of four HELLFIRE II missiles. In August 2012, the Gray
Eagle completed a successful Initial Operational Test and Evaluation
(IOT&E), during which the test unit performed numerous lethal and
non-lethal missions, accruing 1,100 flight hours. To date, the Gray
Eagle program has flown over 112,000 flight hours.
As the mainstay of the Army Division/Corps commander’s battle
set for land warfare operations, the Gray Eagle is currently in the
production and deployment phase, with two quick-reaction capability
(QRC) units deployed in support of combat operations in Operation
Enduring Freedom (OEF) as well as a full-up Gray Eagle Company
deployed since April 2012.
The Gray Eagle Full Rate Production Defense Acquisition Board
(DAB) occurred on 14 June 2013, wherein the Project Manager for
Army Unmanned Aircraft Systems, Col. Tim Baxter, briefed the
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Army program. The request for full-rate production approval for the
remaining 49 aircraft and associated ground equipment, ACAT 1C
designation, and funding to the service cost position was approved
(pending a Defense Acquisition Executive Acquisition Decision
Memorandum).

Modernization Product Office

The UAS Modernization Product Office is committed to being the world
leader in rapidly providing emerging UAS technologies to enhance the
warfighter’s survivability and capability. UAS Modernization has been
successful in delivering deployed forces the most capable and versatile
systems, including the Hunter, Sky Warrior Alpha, and Gray Eagle
Block 0.
Used in support of Army Aerial Exploitation Battalion for RSTA,
the MQ-5B Hunter UAS is the Army’s longest serving Corps/Divisionlevel UAS. The Hunter’s enhanced imaging system allows commanders
to detect, identify, and track hostile activity/targets for external
weapons systems or maneuvers and BDA, thereby enhancing the
commander’s ability to locate and identify friendly forces—and locate
enemy targets—to avoid unnecessary loss of life.
The Sky Warrior Alpha UAS is a pre-production Gray Eagle aircraft
that immediately deployed to theater after flight testing. This aircraft
is primarily used for reconnaissance and surveillance roles but can
also be called upon for lethal missions. The Sky Warrior A offers the
combination of long endurance, large payload capacity, and simplicity
of use and maintenance while providing a very low flight-hour cost.

Ground Maneuver (GM) Product Office

The GM Product Office manages the RQ-7B Shadow Tactical UAS.
Shadow is a diverse, lightweight tactical unmanned system utilizing a
number of technological advances combined with invaluable human
resources and knowledge, making it one of the most productive and
widely used unmanned systems in the Army. Shadow provides brigade
combat teams organic direct RSTA and BDA capabilities, allowing for
greater flexibility in planning and mission execution.
Shadow’s extensive wartime use in support of overseas contingency
operations recently surpassed over 835,000 total hours flown. Shadow is
designed for day/night RSTA and battle damage assessment to provide
round-the-clock, real-time intelligence to ground troops. Shadow takes
off from a launcher and lands autonomously in an area slightly longer
than a soccer field and its imagery is transmitted in near real-time to
support the commander’s mission.
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Our mission is to provide our nation and its allies world-class
interoperable unmanned aircraft systems and integrated payloads
through excellence in program management and lifecycle support.
Small UAS Product Office

The SUAS Product Office provides the smallest elements of the tactical
force with dedicated unmanned aircraft reconnaissance and surveillance
support. There are currently two small unmanned aircraft managed by
this office: the Raven and Puma. However, there are plans to add a third
component to this portfolio classified as a “micro UAS,” which will be
used for short range UAS needs. The SUAS may be operated by soldier’s
of any duty specialty after receiving basic operator training.
Supporting battalion and lower maneuver elements, the handlaunched RQ-11B Raven provides day and night real-time imagery
directly to the operator and leaders. Raven is present throughout the
Army in maneuver and supporting units and is a key system in OEF.
A fiscal year 2012 upgrade is providing a single fully gimbaled payload
incorporating day and night sensors and an IR illuminator. The larger
RQ-20A Puma is operating with route clearance patrols and brigade
combat teams, and with increased endurance and longer ranges,
the Puma is ideally suited for more demanding environments and
operations.
Raven and Puma employ a secure digital data link and share the
same multi-functional control station. Both are compatible with
receivers such as the One System Remote Video Terminal (OSRVT) and
VUIT-II (found in manned aircraft). Operators normally fly missions
autonomously via preplanned waypoints but may adjust the mission in
real time.

Common Systems Integration (CSI) Product Office

The CSI Product Office is committed to providing the most capable,
most interoperable UAS systems to our warfighters, and it represents a
significant leap forward in truly integrating the fight. The CSI Product
Office vision encompasses a true open architecture that will allow
multiple aircraft to be flown from a single ground control element
through a common data link.
The path ahead also includes open architecture standards for
distribution of video and telemetry information across the battlefield.
This architecture provides a launching point for meeting future
architecture standards and integrating applications from many sources.
The Universal Ground Control Station (UGCS) moves the One
System concept to the next level of interoperability and commonality.
It will be capable of flight and payload control of multiple UAS through
a common data link, and it employs a Standardization Agreement
4586-based architecture. Protected in a climate-controlled, standard
S-280 or S-788 U.S. Army shelter and mounted on either a standard
Army five-ton family of medium tactical vehicles (FMTV) or highmobility multipurpose wheeled vehicle (HMMWV), the UGCS
receives and disseminates battlefield video and situational awareness
data through state-of-the-art operator consoles. These consoles provide
aircraft command and control, payload control, and weapons launch.
The One System Remote Video Terminal (OSRVT) laptop/radio
combination that provides enhanced situational awareness with near
real-time encrypted video and telemetry data from multiple manned
and unmanned platforms including Raven, Shadow, Hunter, Predator,

www.tacticaldefensemedia.com

Gray Eagle, Apache, Kiowa Warrior, and other platforms. Using
standard Army symbology, the OSRVT displays UAS payload targeting
data and situational awareness; providing recipients with a quick
orientation of shared information. Providing a common picture of the
battlefield to all users, the OSRVT is the common solution for enhanced
UAS effectiveness and provides valuable data to the tactical edge.

Unmanned Systems Airspace
Integration Concepts (USAIC) Directorate

USAIC Product Directorate is responsible for addressing issues
associated with airspace integration and facilitating access to airspace
to meet the increasing UAS demand for training and testing hours. The
Ground-Based Sense and Avoid system (GBSAA) is a means of detecting
airborne traffic and providing the necessary intelligence to the UAS to
mitigate or provide an alternate means of compliance to the FAA “See
and Avoid” regulations.

Rapid Integration and Acceptance Center (RIAC)

PM UAS established the Rapid Integration and Acceptance Center
(RIAC) to develop a single integrated location where all unmanned
and manned surrogate test aircraft could complete end-to-end testing
and integration in restricted airspace. Dugway Proving Ground
(DPG), UT, with its relatively clear spectrum for data transmission and
communication, was selected as the home of UAS test and integration.
Airspace is a premium commodity at DPG, which offers 1,300
square miles of controlled airspace up to 58,000 feet above sea level. PM
UAS can utilize this space for 24-hour operations if necessary. Michael
Army Airfield (MAAF) at DPG is capable of handling all Army and Air
Force aircraft.

UAS External Programs Directorate

Lastly, the External Programs Directorate acts as the customer advocate
for Army Unmanned Aircraft Systems. External Programs is the single
point of entry to the PM UAS for organizations external to standard
Army requirements.
As such, External Programs proactively engages other government
agencies, industry, the joint community, and academia. In addition,
External Programs has a significant Foreign Military Sales presence.
The office manages all allied/coalition international UAS programs in
coordination with each respective UAS product line office. External
Programs is strategically aligned to identify possible opportunities for
the benefit of all involved worldwide.
Although DoD budgets shrink, PM UAS continues to provide
our nation and its allies world-class interoperable unmanned aircraft
systems and integrated payloads through excellence in program
management and lifecycle support. As the Army becomes leaner
and more agile, PM UAS will shape a UAS fleet with commensurate
capabilities, providing the Joint Force depth, versatility, flexibility,
and effective operations across the full spectrum of conflict.
More info: www.peoavn.army.mil
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photonis

Without good eyes, unmanned systems are merely expensive toys. Short-, medium-, and long-wave infrared and
CMOS imagining systems, as well as their gimbals, are the link between the platform and high-performance. Below
are the latest cameras and gimbals that help UAVs and UGVs see their targets.
PHOTONIS Digital Imaging has recently introduced the Nocturn, a digital extreme low-light
CMOS camera designed for high performance equally well under daylight and low-light
level conditions. Nocturn is ideal for applications where high-resolution detection is
required under 24/7 conditions.
A rugged low-light digital CMOS camera module that features high-definition
resolution, high sensitivity and high dynamic range with low power consumption (under
200mW), the Nocturn provides monochrome real-time imaging capabilities—from daylight
to bright starlight—in the visible and near- infrared spectrum (400-1100nm). Its small
size, weight, and power (SWaP) makes this camera module ideal for integration into aerial,
mobile, and hand-held surveillance systems.
Nocturn is powered by the PHOTONIS Lynx CMOS solid state sensor, which provides a consistent
read noise below 4e- at rates up to 100 fps. The Lynx sensor has superior signal-to-noise performance due to its large 9.7µm2
pixels and high fill factor at full SXGA resolution (1280 x 1024).
The Nocturn camera is ideal for man-portable systems, mobile and UAV applications, and unmanned remote posts where
24/7 CCTV image availability is required. It can also be used for machine vision and scientific imaging applications requiring
the combination of high speed, high resolution, and low light sensitivity.

Modern unmanned systems are smaller, lighter, and more technically advanced than ever. As a world leader
in the design and manufacture of infrared (IR) imaging solutions, FLIR has led the way in developing
thermal cameras that meet the demands of this ever-evolving industry.
Unmanned systems require thermal cameras that are small and highly sensitive but also rugged
and energy-efficient. Utilizing the latest in thermal technology, FLIR’s latest LWIR thermal
camera cores, Quark and Tau2, offer designers and manufacturers the ideal SWaP-C solution.

flir

More info: photonis.com

Small size, big payoff
Quark is the smallest fully integrated uncooled camera core on the market. The size of a wine
cork, Quark has no shutter or other moving parts and is a truly solid-state thermal camera with
The Quark by FLIR
VGA resolution. It generates less than one watt of power and weighs a mere 10 grams without a
lens but outputs images at a resolution up to 640 x 512.
With eight lens options, Quark can detect a person at distances between 200 and 1,080 meters and detect vehicles at
distances between 610 and 3,250 meters. UAVs currently equipped with Quark cameras include the Raven, Switchblade, Wasp,
and Perseus.
Quark’s key features:
• Low mass, weight, and power consumption
• 336 and 640 video resolutions with 17μ pixel sensor
• High shock and vibration tolerance

• Power in, video out
• Graphic user interface (GUI) to easily modify
camera settings and behavior

Tau2 versatility
For systems needing more versatility, FLIR’s best-selling Tau2 offers more capabilities than any comparable uncooled thermal
imager. Tau2 measures only 1.75 inches x 1.75 inches in diameter and weighs 39 grams (body only). It offers enhanced image
processing and is available with a 17μ-pitch sensor at resolutions of 336 x 256 and 640 x 512, as well as a 25μ-pitch sensor at a
resolution of 324 x 256. The Tau2 generates no more than 1.2 watts of power.
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Each model uses the same body, software, and mechanical interfaces. Tau2 accepts nine different
lenses and can detect the heat signature of a person at distances between 230 and 2,400 meters, and
vehicles at distances of 730 meters to 8,800 meters.
UAV platforms that currently use the Tau2 include the Puma, Silver Fox, Desert Hawk,
Aerosonde, X-47B, and TASE gimbal.
Tau’s key features include:
• Three models (640, 336, 324) with nine lens options
• Plug-and-play video connections
• Long shelf life, <1 percent return rate

• Continuous digital zoom
• High-reliability shutter
• Still-image capture

From essential components and solid state devices to motion control systems, FLIR delivers end-to-end solutions, service,
and support to manufacturers of unmanned ground and aerial systems. FLIR’s mission is to provide innovative, affordable, and
revolutionary applications for advanced sensing solutions.

Electro-optic payloads for unmanned aerial vehicles have to meet demanding size,
weight, and power (SWaP) constraints while maintaining high performance and
wide-area sensor coverage day and night.
Selex ES has developed world-leading high operating temperature (HOT) detector
technology to dramatically reduce the cooling power required by infrared systems.
This technology is available on the full range of Selex ES infrared detectors including
the 16µm Hawk and 12µm Falcon HD detectors. Using finer pixel pitches allows HD image formats to be achieved while
minimizing system size.
Infrared detectors are increasingly used for hyper-spectral- and other specialist imaging applications where wide
spectral bands and high frame rates are needed. The mercury cadmium telluride (MCT) used in Selex ES sensors can cover
the SW to VLW wavelength range (2 - 12µm) and is available in a rugged high-speed 384 x 384 module capable of over 1000
frames per second.
Multifunctional detectors can further reduce payloads through allowing users to combine several functions into a
compact system. They offer passive 3-5µm (MW) imagery, and when combined with a laser, they can give long-range NIR
imagery and 3D maps of the area illuminated by the laser.

selex es

More info: flir.com

defence vision systems

More info: selex-es.com

Long-Range Surveillance from Defence Vision Systems
Defence Vision Systems’ continued development program enables the company to offer a new camera/lens combination for use
in both air (UAV) and ground applications.
The system has been specifically developed to provide improved long-distance surveillance by exploiting the unique
capabilities of the near-infrared spectrum.
The basic system consists of an extended-range DVS SWIR camera integrated with a powerful, unique zoom lens. Tripodmounted, the system offers the image output as either digital (GigE) or as an analog (CCIR or EIA). The chosen output is a
factory fitment and would be nominated by the user prior to obtaining the system.
The DVS extended-range SWIR camera, operating over the range of 400nm to 1700nm, provides
the user with a greatly enhanced daylight capability. The in-service lens from Davin Optronics is
optimized for the extended SWIR wavelength and provides the user with a powerful x8 zoom,
from 150mm focal length to 1200mm focal length. Combined with this unique lens,
the DVS extended range SWIR camera is at the heart of the system’s greatly improved
long-range daylight surveillance capability. It can obtain detailed images over multikilometer ranges, even when viewing through atmospheric attenuators such as mist
and heat haze.
More info: dvsmil.com
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This year L-3 Cincinnati Electronics is introducing one of the smallest cooled infrared cameras in the world: the NightWarrior
640 Mid-Wave Infrared (MWIR) imaging system. Using a breakthrough high- operating-temperature 15-micron pixel pitch,
640 x 512 Focal Plane Array, the NightWarrior 640 offers an exponential improvement in performance and image quality for
applications that could previously only use uncooled thermal imagers.
Measuring a mere 17.5 cubic inches in volume, weighing just one pound, and consuming
less than six watts of power, the NightWarrior 640 is ideally suited for size, weight, and powersensitive platforms and applications. L-3 CE engineers designed the camera for easy integration
into a variety of applications, including small electro-optical payloads, thermal weapon sights,
handheld systems, remote weapon stations, and tactical UAS/UAV sensor systems.
The NightWarrior 640 incorporates many advanced features previously found only in larger
sensors. Onboard image enhancement processing delivers exceptional image quality in all light
levels and features include auto-focus, automatic gain control, and non-uniformity correction,
resulting in an exceptionally crisp infrared image.

The Cloud Cap Technology TASE Gimbal line offers small, lightweight gyro-stabilized
camera systems for a host of small and tactical-sized UAVs as well as numerous manned
aircraft platforms. TASE gimbals provide real-time imagery during demanding ISR
missions, utility inspection, environmental monitoring, and many other applications.
The devices provide high hardware and software value, with features such as built-in
moving maps, geo-pointing and geo-locating, object tracking, and multiple day/night
imagers.
Cloud Cap Technology TASE gimbals offer payload solutions where size, weight, and power (SWaP) are critically
important. With SWaP always at a premium on UAS, every spare ounce or watt saved on the payload side can be converted
into more endurance or capability. New in 2013 are eight variants in the TASE400 gimbal family to better suit challenging
customer applications from extended daylight imagery and low-cost exportable to a fully customizable payload suitable
for next generation multi- and hyper-spectral sensors. Also new is the ability for TASE gimbals to output daytime highdefinition imagery.
UTC Aerospace Systems, part of United Technologies Corp., designs, manufactures, and services integrated systems and
components for aerospace and defense industries.

cloud cap

More info: cinele.com

isp optics

More info: cloudcaptech.com

ISP Optics Corporation designs and manufactures complete lens assemblies that meet
the rigorous optical-, mechanical-, and environmental performance specifications. Our
optimized designs reduce costs and meet the specific application requirements in this
evolving marketplace. ISP Optics’ products are designed for high altitudes, plains, and harsh
environments. The full line of products—from off-the-shelf- to custom solutions—is designed
both for aerial and ground applications and ranges from fixed-focal-length- to continuouszoom assemblies for cooled and uncooled sensors.
LWIR-CZ-18-60-1.4 is our ultra-compact continuous-zoom lens, compatible with 4” payloads
offering high sensitivity and a low F # 1.4. Weighing 258 grams with operating
temperature from -35°C to +55°C, the lens is compatible with 384 x 288 pixels x 25 µm pitch
and 640 x 480 pixels x 17 µm pitch.
Our lens sub-assemblies incorporate fine optical components (aspheric-, diffractive-, and spherical lenses) and often
proprietary coatings. Skilled optical and mechanical engineers and designers deliver solutions optimized for the applications.
Years of expertise from an extensive understanding of materials, fabrication, and coating successfully translate into highperformance products at the most competitive prices. With our extensive metrology capabilities, we measure all that we make
to verify and deliver quality products to our customer base.
More info: ispoptics.com
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Smallest

The

Watchdog
By George Jagels

The hobbyist may look at a small unmanned aerial system (sUAS) and see a pastime. The media might consider the vehicle
an upgraded cameraman. But for the military and police forces, vertical takeoff and landing (VTOL) machines can provide
a big boost to capabilities at reasonable upfront- and maintenance costs. Most important, they can go where the soldier
or officer goes, often on his or her body. A huge number of companies is springing up worldwide to take advantage of this
growing market—too many, really, to count—and the competition is spurring considerable innovation.
We sat down with some of the leading companies in the VTOL domain to discuss their products.
Indago by Lockheed Martin Procerus Technologies

Qube by AeroVironment
AeroVironment, well-known as a major supplier of small,
fixed-wing UAS to the U.S. military, also produces the
Qube, a rugged and reliable small unmanned aircraft
system specifically targeting the needs of first responders.
The Qube is a packaged system that fits easily in the trunk
of a car and can be assembled and ready for flight in less
than five minutes to provide a rapidly deployable eye in the
sky. It has a one kilometer line of sight range and 40 minutes
of endurance.
AeroVironment explained to us the breadth of sectors in
which the Qube could be useful:
Wildlife and Environmental Monitoring: Already used
to monitor sensitive wildlife areas and populations, sUAS
are increasingly providing a means of collecting important
information in inaccessible areas to facilitate more effective
resource management.
Infrastructure Management: Dams, pipelines, offshore
oil platforms, microwave transmission towers, power plants,
and ports are some examples of large, sometimes remote
infrastructure that can be accessed easily and safely by
sUAS to provide color and thermal video for rapid visual
inspection.
Scientific Research: Peering into a volcano, for example,
is made easier and safer with sUAS, and this is just one
example of the new ways this technology is helping
scientists gain a better understanding of the way the earth
and its biosphere operate.

Lockheed Martin Procerus Technologies believes that its VTOL, the Indago,
can be a valuable resource for both the military and civilian first
responders. Featuring a continuous 360-degree panning capability and
up to five-kilometer range, the Indago can navigate through crowded
urban environments or hover over any object of interest—which, Lockheed
Martin notes, are differentiating factors from fixed-wing unmanned
aircraft systems. The Indago carries a stabilized gimbal with electrooptical- and infrared imagers and a laser illuminator for a full spectrum of
data collection.
“There is a large and growing market for unmanned systems to address
our civil customers’ needs,” said Steve Fortson, business development for
Lockheed Martin Procerus Technologies. “The Indago VTOL system’s
unique capabilities offer possibilities for expansion into areas including
public safety, disaster relief, and precision agriculture.”
Equipped with the proven Kestrel 3 autopilot, the Indago can endure
more than 45 minutes with a 200 g payload in all weather conditions,
including winds up to 20 mph. Accompanying the VTOL is a wireless
hand controller with an easy-to-use interface for intuitive, untethered
vehicle operation. Also available is a full ground control station with 3-D
map interface, powerful mission planning tools, in-flight re-tasking, and
full waypoint navigation. The Indago VTOL can be set up and deployed in
under three minutes without any tools, providing tremendous versatility
for users to complete time-critical missions.
Deployed: 32”x32”x7” | Folded: 12”x9”x6” | Weight: 5 pounds

Length: 36” | Weight: 5.5 pounds
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HERO by Brimrose
Brimrose Technology Corporation has recently launched
the Heli Engagement Reconnaissance Observatory (HERO).
With a wide range of payload options, HERO can deploy
hyper-spectral imaging using a mounted acousto-optic
tunable filter to scan its surroundings using different
wavelengths—and thereby identifying enemy movements.
This allows the system to identify the glass of a rifle scope
and the color of uniforms. The system is also able to be
armed, if need be, according to Brimrose Technology
Corporation President and CEO Dr. Ronald Rosemeier.
“A central mission of Brimrose Technology Corporation
has been and continues to be to help the soldier in the field
better do his job by providing sound information about his
surroundings,” said Rosemeier. “By introducing controlled
flight, HERO provides us with an entirely new dimension to
help him carry out his mission.”
For CBRNE threats, the unit is also potentially able to
identify multiple types of gas emanating from chemical
weapons as well as fly into a smoke plume and characterize
the fumes, sending the data to a command center for full
evaluation prior to direct human involvement.
HERO also provides real-time, 360-degree day/night
view capability, offers auto return-to-home base, pointto-point GPS navigation, and up to 30 minutes of direct,
uninterrupted flight time.
Deployed: 48” wingspan; 19” height | Folded: 8” width
Weight: 7 pounds

SkyRanger by Aeryon Labs, Inc.
Based in Waterloo, Ontario, Aeryon Labs, Inc. has long been a major player
in the VTOL domain, with numerous NATO and other militaries buying
their sUAS over the past four years.
Having received feedback from military groups worldwide on tactical
mission needs, Aeryon learned that soldiers are often sent into dangerous/
uncertain situations to recover their fixed-wing systems as well as gather the
parts of that system. This puts ground troops into danger to recover assets
that are designed to break apart upon landing. The company reacted.
Their military-grade system, the Aeryon SkyRanger, is, the company
says, the only VTOL system that address key military requirements,
including unlimited surveillance through 50-minute flight time and the
ease of deploying multiple systems to maintain eyes on target, beyond
line-of-sight capability with a touch-screen interface, and stabilized,
simultaneously-streaming dual EO/IR high resolution cameras.
The system is also ruggedized, with easily replaceable payloads and
components and the capability to operate in a wide range temperatures
(-30 to 50 degrees Celsius). To facilitate faster deployment—something
particularly important for military use—Aeryon provides a “pre-assembled
system” (payload, sUAS, and battery) and powered standby.
Deployed: 40” diameter; 9.3” height
Folded: 10” width, 20” length
Weight: 5.3 pounds

SQ-4 Recon by BCB

BCB comes from the perspective that “military personnel are out there protecting
us, but they also need protecting themselves.” To further this goal, they developed a
VTOL system for dense urban areas. The SQ-4 Recon is a robotic device that fits in
the palm of a hand and can be operated remotely by troops sitting in a control room
thousands of miles away.
Given its small size and light weight (under seven ounces) means it can be
carried and deployed without any additional strain. The drone can be flown
remotely using a tablet, which also displays the video and stills transmitted by its
high-resolution camera. Its small size, coupled with its 10 ultrasonic sonars, means
that it can be used to penetrate and search a building or narrow spaces as well as
avoid objects. It can hover discreetly over a targeted area or “perch and stare” using
day or night vision with its 25-minute flight time.
In addition, an innovative flight control system allows secure access to a drone
from anywhere in the world, for both observation and control. This presents a
totally new concept of aerial observation platforms.
Weight: 6.98 ounces (vehicle only) | With ground control station in pack: 34.15 ounces
Approximate size: 9.45”x9.45”x4.33”
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Small UAS
Gaining Traction
As systems became smaller, easier to use, and more affordable,
VTOL aircraft are becoming increasingly popular amongst law
enforcement in North America. Though only a relatively small
number of sheriff and police departments own the systems,
some are large—Miami-Dade Police, for example—and many
more would like to acquire VTOL—such as the Alameda County
Sheriff and Houston Police.

X4-ES by Draganfly
Made specifically for emergency services, the X4-ES runs
on a lithium-polymer battery—which can recharge in an
hour—and can fly for up to 20 minutes. The small VTOL
system has operated in winds up 25 mph and operates in
extremely cold conditions. It has been used to lead a search
and rescue in cold conditions, helping in saving the life of a
man who nearly succumbed to hypothermia. The quadrotor
is already in use by a number of Canadian law enforcement
organizations.
The X4-ES standard payload is a 20 megapixel, 1080p
Sony DSC-RX100 camera, which has the capability to snap
still photos while taking video. FLIR’s Quark model can also
integrate into the payload, allowing the operator to switch
between video and infrared views.
The operator’s control system shows a first-person view
of what the camera is seeing. The X4-ES can hold its position
through GPS as well as operate in manual mode, so it is not
strictly dependent on satellites. The system uses visualbased- rather than map-based navigation, which allows the
operator to obtain a current view and select stare points
and points of interest. All this is easy to learn and use. With
automatic-leveling and GPS-position hold, the operator can
maintain a view from a selected position. After two days
of training, according to Kevin Lauscher of the Police &
Industrial Sales/Training division of Draganfly, a pilot will
be able to operate the system on his or her own. The process
is much like learning to drive a car: After basic training,
one needs to gain experience in the real environment before
performing more complex tasks. Maintenance is also
minimal: The airframe sports only eight moving parts—two
bearings for each of four motors.
Weight: 4.5 pounds | Width: 36.25”
Length: 36.25” | Top diameter: 41.8”
Height: 12.6” | Folded: 6.25”

complimentary

subscription

The Arlington Police Department (TX) gained approval in
February of this year to fly its unmanned systems—in this case,
Leptron Industrial Robotic Helicopters—in certain situations.
The vehicles, the operators of which are extensively trained,
must be driven to the general location at which they will be used
and cannot fly over large crowds or above 400 feet. The small
helicopters, which weigh eleven pounds, will not be utilized for
car pursuits and the issuance of traffic citations, nor will they
carry weapons or be used for routine patrols and surveillance.
Arlington PD says they will use the system “in a variety of public
safety applications such as helping us find missing persons, clear
major traffic crashes more quickly, aid in assessing damages
and losses from natural disasters like floods and tornadoes, and
take forensic photographs of complex crime scenes.” A few
months ago, a Leptron helicopter was deployed on a fatality
scene so the department could take some aerial footage to
assist investigators in reconstructing the scene.
Captain Don Roby of the Baltimore County PD believes there
are a number of ways small unmanned aircraft can help keep
Americans safe without endangering civil liberties. “Unmanned
aircraft systems offer agencies a powerful new resource to
complement existing aerial assets,” he says. There’s already
documented instances of success, Roby notes. “One of the few
law enforcement agencies currently authorized to use UAS, the
Mesa County, Colorado Sheriff’s Department has used their
small battery-operated aircraft to document crime scenes, aid in
accident reconstruction, perform search and rescue missions,
and help organize a response to wildfires that plagued the
county in 2011.”
Roby strongly believes in the benefits UAS can offer law
enforcement, but he’s sanguine about the obstacles: “[I]
t is incumbent upon law enforcement agencies to educate
the public of the benefits of the technology, develop strong
policies to protect privacy, and maintain an open dialogue and
transparency with their communities to ensure these important
tools can continue to be used to further the agency’s public
safety mission.”
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UASTraining

Training
the Future
Operators

Having changed how countries conduct
military operations, unmanned aviation has
many envisioning a limitless civil industry
benefitting from evolving technology. But
these planes don’t fly themselves.
By Professor Benjamin Trapnell, University of North Dakota

M

anned aviation technology changed the world in
extraordinary ways, partly due to a 110-year evolution
of careful standards for certifying aircraft systems and
their pilots. Such certification standards helped the technology
itself mature while ensuring an enhanced level of operational
safety. The resulting creation of the operational, regulatory, and
safety environments that form the foundation of a safe National
Airspace System dictates the necessity for both the military and
any civil unmanned aircraft systems (UAS) industry that emerges
to realize that any perceived need for wholesale changes must
be tempered with the understanding that foundations of good
operator training must continue to be the basis for new training
paradigms.

Back to the Future of Flight

The demand for unmanned pilot training is evolving very
much the way civil manned aviation did. In the spring of 1910,
the Wright brothers opened the first flight school of any kind
in Montgomery, AL. The school was born of necessity but
stayed open only a few months—long enough for one student
to graduate. There just wasn’t enough demand at the time for
aircraft, and the training needed for buyers to fly them, to justify
the continued operation of a dedicated flight school. The many
early manufacturers of aircraft were relegated to providing buyers
the needed training themselves.
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As demand for aircraft grew, the demand for training grew,
outpacing the ability or the desire of manufacturers to provide it. The
Air Commerce Act of 1926 created the first regulatory environment
covering, among other things, pilot certification. With the advent
of a growing regulatory environment and the subsequent standards
created, civil flight schools evolved to fill the needs of a burgeoning
civil aviation industry. But as any new technology develops, accidents
occur that precipitate the development and regulated implementation
of standardized ways of operating such technology; practices are
designed to increase safety for pilots and passengers in addition to
people and property on the ground.
For UAS, the primary demand is for military operators and
those civil operators contracted to fill in the gaps created by the
military’s inability to train and field the numbers required by
current operational needs. Military training programs are highly
standardized and delivered in surprisingly little time due to the
exigencies of overseas military operations. The standards to which
some civil training programs adhere are derived from military needs
and greatly influence the type and manner of the training provided.
In this demand-driven situation, what doesn’t get covered in class,
or practiced in a controlled environment at home, is often covered in
“on-the-job training.”

Regulating a Changed Airspace

Presently, because unmanned aircraft (UA) are not specifically
identified in the Federal Aviation Regulations, there is a perceived
lack of appropriate regulations and standards as they apply to
UAS and their operators. Such a perception seems to have allowed
manufacturers an apparent freedom to do as they please with respect
to the technology integrated into their unmanned aircraft, creating a
situation where nearly all unmanned aircraft have little in the way of
commonality. Consequently, the UAS industry seems to be following
the path of early manned aviation: There are myriad manufacturers,
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each with proprietary technology and a unique manner in which the
pilot must interface with that technology.
Debates about the issue abound. Arguments are made that
current regulations apply to unmanned aircraft and, therefore, there
are standards for certification of aircraft and pilots. Unmanned
aircraft are not specifically identified in Federal Aviation Regulations
Title 14, CFR. Consequently, some argue that current regulations
do not apply. But if one takes the stance that all UA are aircraft and
their operators are pilots, they would fall under the same regulations,
and therefore standards do exist. At least, they might. As a research
project for the Federal Aviation Administration, Professor Douglas
Marshall, one of the nation’s premier experts regarding the legal
issues surrounding UAS operations, reviewed all of the regulations
that applied to manned aviation (more than 8,400!). In the process,
he determined that individual parts fell into one of four categories:
the regulation applied to unmanned aircraft and their operators; it
could apply depending upon one’s interpretation; it could apply if
rewritten; or it clearly did not apply. Which regulations do and do
not apply to unmanned aircraft remains a matter of debate at the
regulator level, ensuring that little has been done to standardize
the UAS industry or guide the formation of programs to meet the
demand for UAS training.

Unifying Discrete Systems

With the existing environment being what it is, any developer of a
UAS training program will need to identify the salient attributes
of unmanned systems and find those aspects common to all.
Additionally, they will need to identify important differences and
determine whether or not they play an integral part in the whole.
Utilizing sound educational practices, the program must be delivered
in a manner that allows the graduate the ability to form a strong
foundation upon which to build specific systems and operations
understanding while having sufficient background to meet the needs
of inevitable, rapid systems evolution.
At the same time, it is critical that the environments created by
the years of manned aviation—operations, regulations, and safety—
are not overlooked. The automation inherent in UAS leads many to
believe that the principles of airmanship do not apply; that somehow
we’ve evolved away from many necessary aviation skills and attitudes
and can let the automation inherent in the system do all the work. On
the contrary, airmanship, a seminal construct of manned aviation,
applies equally to unmanned aviation, possibly even more so. As
such, any training program that is not founded upon principles that
promote airmanship are, in this author’s opinion, unlikely to succeed
in the long run.

A Rising Field, A Training Challenge

So, are civil UAS training programs meeting industry demands?
The answer must be separated into two parts: Do graduates meet the
needs of the employer, and are there enough graduates to fill the jobs?
The University of North Dakota (UND) has graduated close to
30 students, each earning a Bachelor of Science in Aeronautics and
a degree in Unmanned Aircraft Systems operations. Of those, the
majority have been hired by a number of UAS manufacturers and
operators. Some are deployed, while others are operating stateside
as trainers and testers. Feedback from employers has been excitingly
positive, so much so that a few of these companies have approached
UND to establish “hiring pipelines” for its graduates. They have
found that graduates with an appropriate background in the
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technology and operations of unmanned aircraft, combined with a
solid foundation of manned aviation training, has been a good mix.
Smaller civil UAS training programs might need to rely upon new
students having acquired this background from other sources.
Yet, anecdotal evidence indicates the numbers of qualified
graduates of civil UAS programs is insufficient to meet current needs.
Current demand for UAS operators stems, in part, from companies
contracted by the government to operate or train operators of UAS.
The governmental agency usually has a particular platform they want
the contractor to operate for a specified number of hours, and it is
up to the contractor to provide the necessary personnel to fulfill the
needs of the contract. Civilian training programs, unless sponsored
by a manufacturer, are not likely to provide all the training necessary
to obtain original equipment manufacturer certification on a specific
platform.
The reasons for this are varied. Primarily, there is a lack of
suitable airspace in which to conduct needed training. Civil UAS
training is looked upon by regulatory authorities as a commercial
venture and, under current guidance (FAA Interim Operational
Approval Guidance 08-01) such operations occurring outside of
restricted airspace are prohibited. As a consequence, most civil
training programs rely completely upon simulated operations unless
appropriate airspace is made available to conduct actual flight
operations. Utilizing very high-fidelity simulators, educational
programs known for their strong curricula taught by well-qualified

Airmanship, a seminal construct
of manned aviation, applies
equally to unmanned aviation,
possibly even more so.
instructors can mitigate the lack of actual flight of UA, making it
necessary for little additional training to bridge that gap.
Compounding the issue, however, is the situation that graduates
of most civil training programs lack government-issued security
clearances. While many outstanding graduates of civil programs
are perfectly capable of being trained to operate nearly any UAS,
contractors are reluctant to hire new graduates without the
appropriate clearances. In the past, contractors could build the costs
of obtaining such clearances into their projects, making it more
attractive to hire an otherwise qualified operator without a military
background. With the cuts made in funding of UAS operations
stressing a company’s bottom line, the room to budget for initial
security clearances has diminished.
As the civil UAS industry grows and evolves, the demand for
UAS operations training will expand. Unable or unwilling to offer
in-house training, manufacturers will increasingly look to outside
sources to provide such instruction. Airspace will continue to be an
issue regarding the amount of actual flight time provided. While
advancements in simulation will help the situation, the issue is
unlikely to go away. And for any UAS training program to succeed
long term, it must be based upon the principles and attitudes of
airmanship.
More info: contact@tacticaldefensemedia.com
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GroundRobotics

The

Robotic
Future Here
is

By Bruce Schlee, President and CEO, Helical Robotics

R

obot. Somewhat ironically for a machine, the word
evokes emotions—excitement, fear—while sparking
endless intellectual debates. Over the past three and a
half years, I have been traveling around the world and talking
with people about mobile robotics. Most people are fascinated
by the thought, but I am constantly asked if or when “they
will take over the world.” Although this is a popular theme in
Hollywood, a planet run by robots is best left to science fiction
novels.
I prefer to look at the evolution of robotics through the
prism of its history. To understand where something is going, I
often find it is best to remember where it’s been.
In 1937, “Bill” Griffith P. Taylor completed the earliest
known industrial robot, conforming to the ISO definition.
Jump ahead about two decades, and Unimation, founded by
George Devol and Joseph F. Engelberger, produced the first
modern robot for industrial automation in 1956. Five years
later, the world’s first working robot joined an assembly line
at General Motors—and it was nothing like the metallic
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humanoid robots seen in movies or on television. In 1962,
“The Jetsons” brought us Rosie (a humanoid robot maid).
The first National Symposium on Industrial Robots (ISR)
was held in 1970 and is still active today. The ’80s gave us
“The Terminator,” and in 1990 Massachusetts Institute of
Technology roboticists founded iRobot (also a 2004 film).
iRobot has shown the world that mobile robotics can be part
of everyday life, while the appearance of robotics in popular
culture has played an important role in understanding its uses.

The Next Steps

As robotics technology advances and society accepts its outcomes,
I expect that we will see more mobile systems. At TED Global 2011,
Professor Daniel Wolpert from the University of Cambridge said,
“We have a brain for one reason and one reason only—and that’s to
produce adaptable and complex movements.” So it would make sense
that the better we can make robots move, the more impact they will
have. In short, I believe that the industry will produce more “Rosies”
than “Terminators.”
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The defense connection is not
farfetched: Imagine an aircraft
carrier that can maintain itself
and repair damage without
putting sailors at risk.
Over the past 50 years, robotics “automation” has transformed
the factory floor. It is now faster, safer, and cheaper than ever before
to build anything you can put on an automation line. Industrial
automation is incredibly advanced: It can weld, blast, and paint a car
in a fraction of the time that it would take a human. I want to see this
environment expand. Imagine if we could take those same machines
and give them movement on practically any surface. It would change
both the way we build the world and the way we defend it.
As an example, think of infrastructure. Founded in 2010, Helical
Robotics is advancing technologies that will make the construction,
operation, and maintenance of infrastructure faster, cheaper, and
more reliable. Engineers at our Wisconsin-based company have
created ways to streamline work using mobile, omnidirectional
robotic devices that can scale a wind tower, traverse pipelines, or
climb on ships, and that’s just the start. Our ultimate goal is to
recreate the factory automation environment anywhere. But this
won’t be done overnight or by one company. To “achieve factory
automation out of the factory,” Helical is working to create strategic
partnerships and innovative products with industrial robotics
manufacturers and multiple industry leaders. We also envision
working with other mobile robotic companies such as AndyMark
and ICM.
For those more interested in defense and public safety issues, the
ground robotics revolution might look different. I contend that the
future of defensive robotics will be both more and less complex than
it is today. Large unmanned aerial vehicles (UAVs) and quadrotors,
for example, are technological marvels in automation that will
continue to advance in both capability and use. The same can be said
for ground-based robotics, and through the industrialization of these
systems, the resulting economies of scale will make it possible for
even the smallest law enforcement agency to utilize them.
iRobot, among others, has had great success with its bomb
disposal robots, but I think the Roomba (autonomous vacuum
cleaner) is more important. Remember Rosie: She was accepted
because she was an appliance in the home, like your washing
machine (also a robot!). Public perception and acceptance is the key
to advancement and, more important, funding. By making people

comfortable with interacting with robots, industry will be more
willing to adopt new systems. That development will inevitably
transition to defense.

Our Efforts to Take Automation Outdoors

Helical Robotics began building systems to assist in the inspection
and repair of wind turbines. Our HR-MP series of climbing robots
were originally designed to deliver payloads such as cameras,
sensors, and tools up the outside of wind towers, ships, and other
large metal structures. These systems are now being developed in
combination with robotic arms to replicate the factory environment
outside.
The defense connection is not farfetched: Imagine an aircraft
carrier that can maintain itself and repair damage without putting
sailors at risk. Payloads on robots can also include defense items such
as weaponry. We are also working on simple ultra compact designs
that could be used for rapidly deployable surveillance. These systems
could be used in urban combat situations or as a short-term video
network at large public events.
Another system that we created, the HR-Javelin, was originally
designed to inspect the inside of wind blades. Confined spaces
are inherently dangerous, so we are currently working on designs
that should make it possible for law enforcement and Homeland
Security personnel to use mobile robotics in a much wider range
of situations. The key to these systems is to make them easy to use
and cost effective while still giving the officer or agent the ability to
remotely view the situation. A good example would be using a Javelin
at border crossings or during a traffic stop.

Looking Ahead

Over the years, robotics has faced three major hurdles with respect
to being a viable solution in the civilian and military markets. The
first is size and complexity of the systems required to make them
function. The mobile computing world is making robotic platforms,
quadcopters, and large UAV systems more accessible by the day. The
second is power requirement, or more directly battery size. With
the commercialization of new technologies such as lithium-based
batteries, this is becoming less of a challenge.
The third and most important is cost. To get widespread use
and acceptance, we need to drive down cost. This is where the team
at Helical Robotics feels we can have the greatest impact on the
market. We are attempting to partner with companies to integrate
existing technologies and place them in the realm of mobile robotics.
This approach drastically reduces cost and time to market, thereby
accelerating widespread use. As we create the necessities for a mobile
factory over the next 10–20 years, don’t be surprised if you see robots
building a bridge or inspecting under your car—but I think the
Terminator is a long way off.
Lead art: Left: An HR-MP20 concept by Helical Robotics
outfitted with an assault rifle platform. This configuration
allows the operator to control both the robot and firearm,
so a target can be engaged without direct confrontation.
Right: An HR-MP20 by Helical Robotics delivering
rescue rigging to a wind turbine. In the event of an
emergency high on the tower, such as a fire, the HR
Series platforms can provide support that is vital to the
survival of trapped workers. (Helical Robotics)
Left: An HR-MP20 inspecting the side of a ship. HR-MP
platforms can be used for a wide range of inspection,
maintenance, and repair tasks. The omni-wheel drive
allows precise control and access to even the most
tight spaces.
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Industry Perspective: Digital Results Group

Innovation

on a Budget:
The Future of ISR

A

s the budget battles in Washington, D.C., go nowhere
fast, much talk has been given to “finding efficiencies”
in federal spending, with particular attention paid to the
DoD. Critics point to the inability of the department to pass an
audit as an example of unending prof ligacy. Former Secretary
of Defense Robert Gates, however, left office contending that
there were few luxuries to cut in the budget. “When it comes
to our military modernization accounts, the proverbial ‘lowhanging fruit’—those weapons and other programs considered
most questionable—have not only been plucked, they have
been stomped on and crushed,” Gates said during a speech in
May 2011. “What remains are much-needed capabilities.”
At a certain point, Gates was saying, lack of funding
becomes a problem that could lead to diminished ability to
act. Despite their growing notoriety, this issue might arise for
the DoD’s ISR systems, which are slated to take cuts in the
President’s 2014 Budget. Surprisingly, there may be ways to not
only maintain but significantly enhance some capabilities all
within the constraints of today’s fiscal realities.

A ‘Real Win’ for the DoD

Stephen St. Mary, the Chief Executive Officer of Boston-based
Digital Results Group (DRG), believes his company’s primary
product, Ageon ISR, will become an even greater part of both
tactical and enterprise solutions supporting the DoD and
intelligence community (IC)—both of which have been DRG
customers since its founding in 2004. Ageon ISR is a multi-INT
solution that supports collection, command-and-control (C2)
processing, exploitation, and dissemination (PED) capabilities.
This solution has been fielded and proven effective in
supporting real-time operations and intelligence analysis.
The system, St. Mary says, is capable of “deploying
seamlessly across the tactical edge to capture and collect
intelligence data—then make that data available to operators
and analysts working on enterprise level systems and within
cloud environments.” Currently, Ageon ISR is deployed
at either the tactical edge or national level. However, the
company is under contract to join these domains to facilitate
collaboration between the tactical edge and national level
operations and exploitation teams. Doing so seamlessly, St.
Mary believes, is a “real win” for the DoD and IC and a big step
toward making ops/intel convergence a reality.

For the User

Ageon ISR is deployed as a thin-client solution, meaning
users require nothing more than a common web browser and
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By George Jagels

Ageon ISR – Common Operating Picture

network connection to the application. This allows a soldier
to leverage this capability on a mobile device or laptop much
the same way an analyst would exploit data in an operations
center.
Ageon ISR features an intuitive Common Operating Picture
(COP). This map-based interface displays such information
as the relevant geography, active sensor platforms, platform
position, sensor collection, tracks, intelligence assets, and force
positions. Operators or analysts select the sources or activity
of interest, then use a suite of tools and workf low to facilitate
real-time operations or perform forensic analysis. With the
help of a semi-automated report generation tool, users create
lightweight intelligence products that can be shared and
collaborated around.
Deployment footprint and mission f lexibility is critical.
“We work in virtually any computing environment—from
mobile devices, and laptops, to ground control stations, and
ultimately up to national-level operations centers,” St. Mary
says. “Our goal is to deliver maximum capability with the
right size, weight, and power to successfully deploy into any
area and in support of any mission.”
For the individual soldier or analyst, using Ageon presents
few challenges, and that was purposeful. DRG designed
Ageon ISR knowing that operators would not always be highly
trained specialists or even in the military, so the interface
was built to be intuitive and easy to use. According to St.
Mary, it takes just a few days of training to become proficient
with the application. Traditionally complex configuration,
management, and maintenance tasks have all been front-ended
with “wizards” that help walk users through them step-by-step.

From Trailer to Pizza Box: Lightening the Load

Shortening the logistics tail might be as close to a military
truism as one can find; if one can do so cheaply, even better.
In this respect, Ageon ISR, which can be deployed as a
single compact server or even as software only on existing
hardware—this provides real benefits. Ground-control
stations, for example, often packed with hardware, can be
outfitted with the system and reap tremendous size, weight,
and power (SWaP) savings. At only 14’’x 19’’x1.5’’ and
14 pounds, Ageon’s hardware is “about the size of a pizza
box,” says St. Mary. And each unit can support hundreds
of operators using nothing more than a web browser. The
company notes that it is capable of replacing trailers worth of
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hardware in legacy ground control
stations with a single kit not much
larger than a suitcase.
Luckily for the DoD and
IC, they don’t have to pay
a premium for this benefit.
Ageon is built entirely with
commercial components, so there
are no issues with expensive
proprietary hardware. An opensoftware architecture facilitates
enhancements and use of thirdparty components. This is a huge
plus for government programs
that have been locked into closed Top: Ageon ISR 3D Visualization. Bottom: Ageon ISR Mission Viewer
work with new technologies. As new sensors are introduced,
proprietary systems. “This helps us meet our customer’s drive
for example, the application must readily accept them. DRG
to minimize cost and risk while also allowing us to ensure we
cites this flexibility as one of Ageon’s biggest selling points.
deliver best in class capability and performance,” St. Mary
“The Ageon application has been built on a flexible, open
contends.
architecture…. This flexibility allows us to capture and
For these reasons, DRG feels poised to take advantage of the
parse often non-compliant sensor and intelligence data then
new budget situation. “While many in the industry are nervous
transcode that data into DoD and NATO standard-compliant
about sequestration, we’re seeing a flood of demand,” says St.
formats.” St. Mary says. “This facilitates dissemination in
Mary. Ageon ISR, he claims, occupies a unique position in this
bandwidth constrained environments while also supporting
constrained market: The DoD and IC recognize the value of
machine-to-machine transfer of the multi-int data we collect.”
ISR programs but cannot continue to fund large, manpowerintensive programs that were quickly fielded while troops were
It’s not uncommon for others in this industry to take a
in harm’s way. DRG’s solution delivers greater capability, while
month or longer to integrate a single sensor. DRG claims it
minimizing personnel requirements, maintenance, and SWaP.
can cut that time down significantly. Recently, the company
In short, capability can be significantly improved at a cost well
integrated a dozen sensors in under three months for a
within today’s budgets.
customer, a job that even included creating custom tools to
exploit a unique set of sensor data.
Staying Power Through Adaptability
Looking ahead to more austere base budgets and less money
Seamlessly capturing, processing and sharing this data between
for overseas contingency operations, DRG and its customers are
the tactical edge and national-level is a frenetic endeavor;
betting on the company’s unique approach. Perhaps there are a
designers must be versatile, and the system itself must be able to few more efficiencies left to find after all.
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WirelessPower

Laser Power
Beaming
Enabling Technology for Future UAS
By Jordin Kare, Chief Scientist, LaserMotive, Inc.

L

aser power transmission—sending power via light—is
poised to become a major technology in aerospace and
robotics: a new alternative to batteries, generators, and
metallic wires for supplying electric power.

Wireless Power Beaming

Free space transmission, also known as wireless power
transmission or power beaming, uses a laser transmitter to
send power to a remote receiver with no physical connection
between them. The transmitter tracks an optical beacon or
reflector, keeping the laser beam centered on the receiver even if
the transmitter, receiver, or both are in motion. Power beaming
is thus ideal for powering electric UAVs from fixed- or mobile
ground sites or from larger aircraft. It can also deliver power
to lighter-than-air vehicles for station-keeping or payload
power. Non-UAS applications include recharging batteries for
dismounted soldiers in the field, powering remote sensors, and
even supplying emergency power in disaster areas.
Current free-space systems work in the near infrared, from
roughly 800 nm to 1070 nm wavelength. The transmitters use
arrays of laser diodes, which are compact, rugged, inexpensive,
and up to 60 percent effective in converting DC power to light.
Receivers are small panels of photovoltaic “laser cells,”
similar to solar cells, to convert the laser light back to electricity.
These cells are 40 to 50 percent efficient and are better than the
best solar cells—and several times better than ordinary solar
panels—because they can be matched to the laser wavelength and
intensity. Typical receivers deliver several kilowatts per square
meter and up to 1 kilowatt per kilogram (e.g., 400 watts from a
one-foot-square panel weighing less than a pound). For UAV
applications, they can be integrated into wings or body structure
and cooled by vehicle airflow.
Inherently modular, free-space power systems can scale to
any power level from watts to megawatts. However, free-space
power beaming works only over line-of-sight paths, although
beams can be relayed over hills or around corners with mirrors.
Beams can be blocked by clouds, fog, smoke, dust, heavy rain,
or snow. Even in clear air, beams are scattered by dust and water
droplets and spread out by turbulence so that at ground level,
the useful range may be as short as 1 to 2 kilometers, although
at higher altitudes (including beaming upward from the ground)
the range is much longer. And the end-to-end “wallplug to
terminal” efficiency is only about 20 percent—slightly less if the
transmitter laser needs an active cooling system.
The laser beams used are, by design, far too low-intensity to
slice metal or burn skin, but they can cause eye damage almost
instantly. A safety system creates a “virtual box” around the
beam, switching the laser off if anything crosses the beam path
or if the beam is not aimed at a suitable receiver. Careful control
of stray light and reflections ensures that there is no hazard
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The laser-powered Lockheed Martin Stalker during testing. (Lasermotive)

outside of the actual beam path. However, even with these
safety features, free-space beaming may not be acceptable in all
applications.

Power Over Optical Fiber

Power-over-fiber (PoF) systems avoid these safety concerns,
work in any weather conditions, and do not require transmitting
optics or a tracking system. In a PoF system, laser light is coupled
into a glass optical fiber similar to standard communications
fiber, although usually with a larger core diameter of 200 to 600
microns. The photovoltaic receiver at the fiber end can be very
compact, limited mainly by cooling—it generates 1 to 2 watts of
heat for each watt of electric power delivered.
Compared to electrical cables, optical fibers are lighter and
thinner and do not need hazardous high voltages to carry high
power. They provide complete electrical isolation, are immune
to electromagnetic interference and EMP effects, and can carry
signals and power on the same fiber. These features make PoF
appealing for internal “wiring” in future aircraft.
PoF systems using standard wavelengths work at ranges up
to several kilometers. Longer-wavelength (1.55 μm) lasers and
special long-wavelength photovoltaic receivers can extend the
range to 30 km or more, but at higher cost and lower overall
efficiency.
Power-over-fiber is ideal for underwater sensors and robots
and for autonomous ground vehicles that can lay fiber as they
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travel. However, PoF can also be used for tethered airborne
systems such as VTOL UAVs and aerostats. Small UAVs and
aerostats with limited payload capacity can operate at much
higher altitude and carry more power-intensive payloads using
PoF than using electrically-conducting tethers, and the fiber
cables neither attract nor conduct lightning. The combination
makes PoF ideal for 24-7 “eye in the sky” or communications
relay platforms.

Current Capabilities and System Costs

LaserMotive demonstrated the first successful kilometer-range
power beaming system in the NASA Centennial Challenge
competition in 2009, delivering over 400 watts at 1 km (and over
1000 watts at 300 m) to a cable-climbing robot. Since then we
have flown a 200-watt receiver on a free-flying quadrocopter,
powering it for 12 hours and recharging its batteries in flight.
In 2012, we installed a receiver on a Lockheed-Martin Stalker
UAV and “flew” for 48 hours in a wind tunnel test. We also
demonstrated operation in the field at up to 600 meters altitude,
powering the motor and electronics with enough left over to
recharge the onboard battery.
Recently, LaserMotive demonstrated a flight-weight powerover-fiber system, delivering 70 watts to a small quadrotor and
keeping it aloft with no battery or other power source on board.
Our next goal is a 400-watt power-over-fiber system, powering a
tethered multirotor VTOL UAV at 150 meters (500 feet).

A quadrocopter test vehicle (a modified Ascending Technologies Pelican) in flight.
(Lasermotive)

Laser power systems are still costly: A complete prototype
system costs $500-1,000 per delivered watt. However, those
costs will decline substantially with quantity production, and
we anticipate costs below $100 per delivered watt within a
few years. Both lasers and photovoltaic receivers have room
to improve in performance and efficiency, but end-to-end
efficiency will likely remain below 30 percent in the near term.
So when wire and batteries just can’t do the job—send your
power on a beam of light.

More info: lasermotive.com
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