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UST is unique – launched in
October 2014, UST is the first
ever publication to focus entirely
on providing independent
coverage of the engineering
at the heart of unmanned
systems. Published bi-monthly
in 2017, it probes today’s cuttingedge projects to provide indepth research insights, using
rigorous investigation backed
by professional peer review and
critical analysis.
The unmanned systems industry
is projected to grow exponentially
over the coming years. UST is an
invaluable resource of actionable
intelligence for engineers whilst also
providing a targeted promotional
platform for those with products and
services of interest to them. If you want
to seize more than your fair share of
the fresh opportunities being created
in this exciting sphere then UST is an
absolute must.
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Extended family

Back at base

Focus on ground control systems

Peter Donaldson explains the directions engineers can
take in terms of navigation sensor technology and integration

Bearing in mind

Peter Donaldson reports on how this
unmanned surface craft forms the core of a
selection of systems for a host of marine missions

Come to light

Solar power’s day is dawning

Navigation systems | Focus

terrestrial radio networks, geostationary
satellites and even UAV-based pseudo
satellites (‘pseudolites’), which do jobs
normally associated with spacecraft.
Japan’s Quasi-Zenith Satellite
System (QZSS) is a satellite-based
augmentation system designed to fill
coverage shadows created by the urban
canyons of Japan’s cities. By 2018, the
full capability will be provided by three
satellites in highly elliptical orbits plus a
geostationary spacecraft covering Japan,
Australia, the Indonesian archipelago
and large areas of the Asia-Pacific
region. Other systems are also under
development, for example the sevensatellite Indian Regional Navigation
Satellite System, which is expected to be
in orbit by March 2016.
Generally, the more GNSS satellites
that can be ‘seen’ by Earth-based
vehicles and platforms, the faster and
better the navigation solution derived
from the satellite signals will be.
Discussions of GNSS accuracy get

complicated very quickly. Following US
Department of Defense (DoD) practice,
all constellations provide two accuracy
standards through different ranging
signals transmitted by the satellites
– known as the Standard Positioning
System (SPS) and Precise Positioning
System (PPS) in the case of GPS.
The Navstar satellites in the GPS
constellation provide their SPS with a
Coarse/Acquisition (CA) code ranging
signal on the L1 frequency that is
available to anyone, and the PPS through
a Precision (P) code that is reserved for
authorised use on the same frequency.
Furthermore, the P code is normally
encrypted into what is called the Y code,
which can only be accessed by users
with the right decryption software in their
receivers. Navstar satellites also transmit
a second P or Y code signal on the L2
frequency for comparison to compensate
for atmospheric distortion.
In the fourth edition of the official GPS
performance standard, the DoD quotes
a best global average user range error
for 95% global coverage with new data
– or zero age of data – of less than or

The Inspector Mk2 goes through
the ‘hump’ between displacement
running and planing as it accelerates
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t is very hard to sell a USV in
isolation, says ECA’s USV product
manager Vincent Clavier, because
customers expect a complete
capability. With its Inspector Mk2
though, ECA, based in Toulon, France,
has developed such a capability.
Much more than a robotic boat,
this purpose-built, optionally manned
surface vessel is designed to form the
core of a capability that encompasses
modular onboard sensors and effectors
for a wide variety of missions, providing
easy reconfiguration, support for and
cooperation with other unmanned
vehicles and integration into command
and control networks.

22

Modular, tailored mission fits offered
include equipment for surveillance and
protection of coasts, ports, and offshore
platforms, mine countermeasures,
rapid environmental assessment (REA),
support for special operations forces,
fire fighting and a mission module that
enables larger vessels to launch, operate
and recover the USV.
ECA is one of a relatively small
group of companies to have delivered
operational USV systems, Clavier says.
In addition to building up operational
experience with customers who use them
in the field, ECA’s USVs are in service
with the French Navy, which uses them to
further its knowledge of USV operations

in general and sensor systems in
particular. All of this has happened in a
remarkably short period of time – a little
under eight years.
With a background in ROVs and UUVs,
ECA began USV system development
in 2008 with the Inspector Mk1. Based
on an existing rigid hull inflatable boat
(RHIB), this enabled the company
to concentrate on developing its
control system and sensor integration
technology, and to develop relationships
with customers based on the
performance of a first-generation system
before progressing to the purposedesigned, aluminium-hulled Inspector
Mk2, the first examples of which were

February/March 2016 | Unmanned Systems Technology

delivered to an unnamed customer in
late September 2015.
Clavier divides the core USV capability
into the boat, the onboard control system for
manned operation and that portion of the
remote control system integrated into the
vessel, which does much more than control
the boat, and its onboard sensors and
effectors. (The company also sells these
separately for integration into other boats.)
The equipment also controls the other
robotic systems that the Inspector Mk2
has been designed to deploy, including
the company’s own K-Ster expendable
mine-hunting vehicle family and
small AUVs, and to operate with these
and other systems (including UAVs)

collaboratively, putting a great deal of
weight on the development of software to
enable these capabilities.

The boat
As a boat, the Inspector Mk2 is a
shallow-draft rigid monohull with
distinctive chines that curve up from the
waterline beside the cockpit all the way to
the bow, a flat, overhanging stern and a
full-length fender along either side.
Measuring 9 m in length by 2.95 m
in beam and with a 0.5 m draught in
transport configuration, the Inspector Mk2
was designed for an endurance of more
than 12 hours at 10 knots, but with the
ability to sprint at more than 35 knots and

Unmanned Systems Technology | February/March 2016

operate in weather conditions up to sea
state 4, survive in sea state 5 and keep
station accurately at speeds between
zero and 25 knots. With an all-up weight
of 4700 kg, it offers a payload of 1000 kg.
The initial Inspector Mk2s are powered
by a pair of Steyr diesel engines,
although alternative power plants
consisting of two engines of between 170
and 215 kW each can be accommodated
with minimal modification using a set of
adapters without affecting anything aft
of the engine compartment. The diesels
drive Doen DJ 100 G water jets which,
unlike bare propellers, work through an
impeller in a tube, creating a jet of water
for propulsion.

23

N

avigation systems are
fundamental to any
automated vehicle or
platform, and regardless
of the type of system
they all rely on sensors that require
signals from either an external source
– whether it be a natural one such as
the Earth’s magnetic field or an artificial
one such as a radio signal – or selfcontained inertial devices.
However, every type of sensor has its
strengths and weaknesses, and none
on its own is sufficient, so engineers

64

have to integrate at least two types of
sensor, normally looking for a trade-off
between accuracy, size, weight, power
consumption and cost to arrive at the
optimum solution for any given platform
and its mission set.

Not by GPS alone
While GPS is long established as the
primary navigation source, implementing
satellite navigation now means
integrating modules that can handle
signals from multiple global navigation
satellite systems (GNSS) and corrections

from systems that improve their accuracy,
a process known as augmentation.
There are currently two fully operational
GNSS networks – the US GPS and
Russia’s GLONASS – while Europe’s
Galileo and China’s BeiDu-2/Compass
are scheduled to provide full capability
by 2019 and 2020 respectively.
Augmentation systems meanwhile
exploit GNSS receivers at precisely
surveyed positions on the ground to
measure errors in the satellite signals,
calculate corrections and broadcast
them to suitably equipped receivers over

February/March 2016 | Unmanned Systems Technology

Generally, the more GNSS
satellites that can be ‘seen’
by Earth-based vehicles,
the faster and better the
navigation solution derived
from their signals will be
Unmanned Systems Technology | February/March 2016

equal to 2.6 m for the signals in space
for a healthy satellite, but this is without
any augmentation, and of course, the
3D position is a function of the receiver’s
range from several satellites. The
equivalent figure for the SPS is 7.8 m.
Augmentation systems can improve
significantly on these figures, sometimes
driving position errors down to a matter
of centimetres.
Accuracy is only one measure of
Required Navigation Performance
established by civil aviation, which has
the most critical interest in it. The others
are availability (defined as a percentage
of the time that the system’s services
are available), continuity (defined as
the ability of the complete system
to maintain that accuracy without
interruption) and integrity, which is a
measure of the trust that users can place
in the information, taking into account
the timeliness of any warnings from the
system itself not to rely on it.
The delay between switching a
receiver on and obtaining an accurate
position, known as Time To First
Fix (TTFF), provides an additional
performance measure.

Return ticket
Launch & recovery

Options for release and retrieval

Electric motors

Reliable, efficient propulsion

Navya ARMA

100% autonomous, driverless & electric

The unmanned systems industry is
borrowing launch and recovery methods
from other sectors – and ages – as
Peter Donaldson explains

Building up to a constellation of 30, the
European Galileo GNSS has ten spacecraft
in operation and two more in orbit and
preparing to go online (Courtesy of the ESA)
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W

hile pinpoint
navigation capabilities,
smart autopilots
and data links
provided by modern
microelectronics have proved invaluable in
unmanned systems, the essence of launch
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Platform one

Unmanned vehicle dossiers & digests

The UST news section is focused on technological
development. Business and politics are only covered
in so far as they impact directly on engineering solutions.
From the outset UST has established itself as a
publication that deals in hard science.

Each issue of UST contains at least one main ‘Dossier’ and
one ‘Digest’ offering an incredibly detailed look at a highprofile unmanned vehicle project, revealing many secrets of
the technology that are simply not reported anywhere else.

UST insights
UST ‘Insights’ drill down into specific technological topics
and unmanned vehicle applications. Each issue will carry
one insight on an application of unmanned systems –
from the bottom of the oceans to the far reaches of outer
space. We will cover all areas during the year, culminating
in an overview of the latest tech trends at the end of the
year. UST is dedicated to providing invaluable knowledge
for engineers.
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and recovery remains as a set of physical,
mechanical tasks often carried out under
tough conditions and pressure of time.
With a clear open space or a runway,
launching fixed-wing UAVs and
recovering them safely is, in principle,
little different from the process that

applies to manned aircraft using fixed
or retractable wheels, or even a belly
skid for smaller vehicles. However,
when space is limited or surrounded
by obstacles, or when the take-off and
landing must be made from a ship at
sea, the task becomes much trickier.
In tackling it, the industry has never been
afraid to borrow ideas from elsewhere
and adapt them to its needs. Besides the
obvious carryovers from manned aviation,
guided weapons and seafaring, it has also
looked to ancient warfare, rocketry, leisure
flying, aviation and automotive safety, aerial
refuelling and trawl fishing. The industry is

April/May 2016 | Unmanned Systems Technology

Engine dossiers
The world of unmanned systems has created new
requirements for small internal combustion engines, to
the extent that currently there is far from agreement as to
the most appropriate technical solution. A host of different
approaches are being exploited, from two-stroke to fourstroke, from jet fuel to gasoline and from Wankel rotary to
reciprocating. Each of UST’s Engine Dossiers explores in
depth one of the diverse innovative power plants at the
forefront of today’s unmanned revolution.

When Insitu wanted a bespoke engine for its small
unmanned aerial systems family it chose Orbital to
provide the solution. Ian Bamsey reports

Double act

I

nsitu is a Boeing subsidiary that
specialises in UAVs; its three current
platforms are the ScanEagle, the
Integrator and the RQ-21 Blackjack.
The latter was developed for the US
Navy as a spin-off from the Integrator
project. The ScanEagle has been
deployed by the US military since 2004.
The ScanEagle has a 10 ft wingspan

The Insitu/Orbital N20 two-stroke
features advanced direct injection

58

and is currently powered by a naturally
aspirated, small-displacement, sparkignited two-stroke engine built to Insitu’s
prints by a third-party manufacturer.
Insitu manufactures the ScanEagle
and operates it on behalf of certain
customers. Recently it decided to put all
its UAV expertise and experience into
developing an Insitu dedicated-UAS

engine in the quest for superior reliability
and performance.
This bespoke engine, internally
designated the N20, was devised
by a special Propulsion Engineering
group within Insitu. Headed by Kevin
Beloy, the group started by defining the
requirements for a clean-sheet-of-paper
propulsion system – “and there were
hundreds of high-level requirements”,
Beloy notes. A procurement competition
was then held to select the source of
design and manufacture.
Of the proposals received, “Orbital had
the strongest technology, with the best
design and manufacturing expertise,”
remarks Beloy. Of particular interest was
its unique direct injection (DI) technology.
“We could find no better provider of
fuelling technology for a small two-stroke
running on heavy fuel,” he adds.
“The Orbital compressed-air assisted
direct injection technology that our new
N20 incorporates is compatible with
multiple fuel types, provides resilience
to variations in fuel properties, is reliable
and no glow plug is required,” he says.
“Normally a spark-ignited engine
runs hot to burn jet fuel properly, but
the Orbital technology allows the N20
to run much cooler, increasing the time
between overhauls by at least three times
compared with other heavy fuel engines.
It also requires only minimum scheduled
maintenance such as air filter and spark
plug changes, and no de-carboning or
reconditioning procedures are required.”
Beloy explains that the target was to
increase reliability tenfold by controlling
engine design and manufacture. “We

June/July 2016 | Unmanned Systems Technology
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W

hen carefully
designed, solar
electrically powered
ﬁxed-wing UAVs have
a far greater ﬂight
endurance than purely electrically or
even gasoline-powered aerial vehicles,
and that begins to open doors both for
UAV projects and the solar technology
itself. Given the right environmental
conditions, a solar-powered UAV stores
excess solar energy gathered during
the day in its batteries, which can then
power the aircraft through the night and,
potentially, subsequent day-night cycles.
Long-endurance capability, especially
in the extreme cases of continuous multiday ﬂight or even perpetual endurance,
is particularly interesting for applications
such as large-scale mapping,

Peter Donaldson explains the development process
behind this ingenious VTOL fixed-wing hybrid UAV

Heading your way

Inclined to the vertical
Landing gear and arrestor hook
down, the Northrop Grumman X-47B
UCAV demonstrator is an example
of UAV recovery adopting a practice
developed for manned vehicles
(Courtesy of US Navy)

need robust catapults that can contain
and quickly release large amounts of
energy, sometimes as much as 400 kJ
in less than a second, with instantaneous
power figures reaching 600 kW. At the
same time, the catapult design must
ensure that acceleration forces remain
within the limits that the vehicle and its
payload can withstand. The interface
between the UAV and the catapult is
the cradle, which must hold the vehicle
securely before releasing it at the right
moment without disturbing its attitude.

Catapult options
also unafraid to combine concepts from
within its own canon to create completely
new capabilities.
Without doubt the simplest way to launch
a small fixed-wing UAV is simply to throw
it. Things get more demanding however
in terms of support equipment when the
vehicle becomes too heavy to launch by
hand or needs more airspeed over its
wings than human muscles can provide.
One proven solution to this problem is the
catapult, which has been around in various
forms since ancient times.
Heavy UAVs that need to achieve high
launch speeds over a short distance

For UAVs up to about 10 kg, bungee
catapults are widely used. Advantages
include great simplicity, low cost and
a very low launch signature. Those
that are wound up by hand and
feature a purely mechanical release
mechanism need no electrical power.
However, a lack of damping means the
initial acceleration can be very jerky,
producing large shock loads that might
damage the UAV or its payload, and the
final velocity can be difficult to predict.
Bungee catapults are generally limited
to smaller UAVs.
Hydraulic catapult launchers
have a cylinder containing a piston

that separates hydraulic oil from
compressible gas. To charge the system,
a hydraulic pump forces the piston along
the cylinder with the oil to compress the
gas. On launch, a valve opens to release
the oil into a hydraulic motor through
which the pressurised gas – now free to
expand – forces it by pushing the piston
back along the cylinder. The hydraulic
motor powers a winch that launches the
UAV.
Hydraulic launchers are quiet and
highly controllable, and so can produce
soft starts to minimise shock loads on
the UAV while generating the required
launch velocities for a wide range of
vehicle sizes and weights. They are also
quick to reset and cheap to operate.
However, they are complex, expensive,
need external power and tend to be
heavy and bulky.
Pneumatic catapults use compressed
air to drive a piston along a cylinder to
accelerate the UAV into the air, with a
cable and pulley system for example.
Like hydraulic catapults, they can provide
soft launches and accommodate a wide
variety of vehicles of different weights,
and can be reset quickly between
launches, but they too are cheap to
operate, as well as quiet and stealthy.

39
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R

ather than competing with
top-tier products such as
Insitu’s ScanEagle, Alti’s
innovative new Transition
UAV is intended to fill a
large mid-market gap for long-range
VTOL systems for commercial and
industrial applications that are easy
to operate from any setting and cost
less than $100,000, according to the
company’s owner, Duran de Villiers.
A hybrid in two senses, the Alti Transition
is a fixed-wing craft with a petrol engine
that drives a pusher propeller, and a
battery pack that powers four electric rotors
that provide VTOL and hover capabilities.
Measuring 2.745 m in wingspan, 1.925 m
in length and 0.54 m in height, the aircraft
has a maximum take-off weight of 12 kg
with a payload of up to 2 kg.
Taken together, the wing and tail area
amount to about 8700 cm2. The UAV
can fly at up to 30 m/s (108 kph), faster
depending on set-up, and boasts a range
of more than 300 km and an endurance
of up to six hours.
De Villiers says the main challenges in
the development of this unusual vehicle
were achieving the performance and
endurance goals while keeping it small
enough to be easy to deploy and operate,
commenting that positioning the centre of
gravity in relation to the quadcopter rotors
has proved “interesting”.

22
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Pure VTOL
Despite the presence of the pusher
propeller, the Alti Transition is a pure
VTOL machine. However, it is intended to
operate in wing-borne flight as a fixedwing craft for most of a mission.
Following a vertical take-off, the aircraft
typically climbs to its transition altitude,
which can be fairly low because it does
not lose altitude as it moves from hover
to forward flight; it then makes a smooth,
level acceleration to wing-borne speed
before powering down the rotors. It then
flies like this for between four and six
hours – endurance is still being tested

Navigation technologies assessed

Antenna systems
Design options for every task

– before transitioning back to hover
mode, again with no loss of altitude, for a
vertical landing.
Take-off and landing processes
typically take less than a minute each,
de Villiers says. He emphasises that
the transition back to hover is very
straightforward, without the need for
active braking systems such as air
brakes, although the company is
looking at integrating a parachute for
emergencies. To return to the hover,
the pusher motor quickly goes to idle
and the four electric motors, with their
Proportional Integral Derivative (PID)

observation or telecoms relay. It can
also be applied to search and rescue
(SAR) missions, industrial or agricultural
inspection, meteorological surveys,
border patrol and more.
Recently, interest in using large-scale
(wingspan greater than 20 m), solarpowered high-altitude long-endurance
UAVs as atmospheric satellites, and
stationary/loitering platforms for telecoms
relay, has developed. Notable examples
here are the Aquilla and Zephyr craft, the
latter of which has already demonstrated
a continuous ﬂight of 14 days. By
contrast, smaller scale solar-powered
UAVs are designed mostly for lowaltitude, long-endurance applications.
Although faced with more challenging
meteorological phenomena in the lower
atmosphere – clouds, rain, wind gusts or

thermals – low-altitude UAVs can deliver
higher resolution imaging thanks to
reduced cloud obstruction, are lower in
complexity and cost and are simpler to
handle. These traits are highly beneﬁcial
for ﬁrst-aid SAR scenarios as well as
other inspection tasks.
Fly longer and carry more – that’s
what every UAV customer wants. As the
uses for small, electric, commercial UAVs
expand, the demand for them to stay aloft
longer and carry heavier, more powerful
payloads increases constantly. Right
now though there are few alternatives
for extending electric UAV endurance
other than adding batteries, improving
the efﬁciency of the electrical systems
or redesigning the UAV to be more
aerodynamic. The ﬁrst option tends to
add signiﬁcant weight and takes up a lot

Capturing photons
The solar cell works in several steps. The
photons in sunlight strike the solar panel
and are absorbed by semiconducting
materials, causing electrons to be
excited. Once excited, an electron can
either dissipate the energy as heat
and return to its orbital in an atom or
travel through the cell until it reaches
an electrode. Current ﬂows through the
material to cancel the potential difference
and this current is then captured by the
cell. In this way an array of solar cells
converts solar energy into a usable
amount of dc power.
The traditional material for a solar
cell is silicon which, while relatively
inexpensive, is too heavy for UAVs. When
the space industry was using silicon it
had a certain dollar/Watt that it was used

to working to, but using these silicon
panels brought the burden of a great
deal of mass and volume to the platform.
Over time, the industry began to take a
more integrated approach, looking at
solar panels as part of the entire platform
rather than an add-on, and it discovered
that although it was more expensive
to look at lighter, thinner solar panels it
enabled many important technologies,
such as better resolution of sensors,
better data and longer ﬂight durations.
That realisation that solar can become
more valuable when integrated into
the overall design of a platform is now
permeating through to the UAV sector.
One solar cell manufacturer reports
that although the industry was originally
shocked at how much solar power cost as
dollars/Watt, it is now warming to the

Fuel cell propulsion
Is this the unmanned way ahead?

Sense and avoid
Analysing a key technology

Falco UAV dossier

Bright future

Inspector Mk2

Once the preserve of the military and satellites, solar
power is becoming a viable tool for the burgeoning
commercial UAV market, as Mark Venables explains

Multi-mission USV gives up its secrets
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of extra space, while the latter two can be
very expensive.
There is, however, another approach
that is gaining momentum: solar power
technology, which has been proven for
decades in space and has improved
dramatically over the years.
The amount by which adding solar
panels to a UAV can boost ﬂight
endurance depends greatly on the
aircraft’s design and mission, but in most
cases it can be an increase of 1.5-2.5x
without any changes to the aircraft’s
structure or electrical systems, and in
cases where aircraft are optimised for
the solar cells, increases of up to 4x are
possible. The thin, lightweight and highly
efﬁcient solar cell technologies now
available can offer immense beneﬁts to
ﬁxed-wing UAVs.

Investigating a hawk-eyed Italian

The lift motors are custom made from aluminium and steel, with ‘oxygen-free’
copper windings for enhanced resistance to short-circuits

Unmanned Systems Technology | June/July 2016

Ian Bamsey
Editorial Director

Solar power | Focus

Alti’s Transition hybrid UAV shows off its VTOL capability in a recent
test. No height is lost going from hover to forward flight and back

A Falco tactical UAV leaves a Robonic high-pressure
pneumatic catapult, which can accelerate UAVs of up
to around 100 kg to 70 m/s (Courtesy of Robonic)
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A solar-powered version of the Puma AE (All Environment), a UAV designed
for land-based and maritime operations (Courtesy of Alta Devices)
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Insitu N20 UAV 50 cc two-stroke single | Dossier

were already a leader in reliability
through development of the existing
engine, but we wanted to push the bar
with the N20. The goal is zero engine
failures, especially as any failure can
cause the loss of an expensive payload.
“We have more than 20 years of
learning from the development and
operation of our existing engines. The
N20 is a combination of our experience
and that of Orbital.”
Overseen by Insitu, Orbital drew the
N20 from the aforementioned clean sheet
of paper. Since Insitu funded the project
it owns the IP, aside from the proprietary
incorporated Orbital DI technology.
The 50 cc N20 produces 2.4 kW. It
runs on Jet fuel (A, A1, JP5 and JP8)
while an N21 version runs on certain
types of gasoline or Avgas, although the
only difference between the two is in the
engine calibration firmware. The engine
is air-cooled, has an upright cylinder and
is used as a pusher in the ScanEagle (in
other words, the propeller is at the rear).
The engine core has been designed
to be adaptable to a variety of airframes,
of which the ScanEagle is the first. The
engine core is augmented by a fuel
supply system, an oil supply system,
a muffler, a generator, a propeller
and an engine management system.
Orbital supplies the fuel pump, the
fuel injector and the ECU while Insitu
has collaborated with a propeller
manufacturer to develop an applicationspecific item.
“The N20 has already met all its targets
in respect of power, fuel consumption
and reliability,” Beloy reported as
this article was being written, and
preparations were in hand for the first
production examples to begin operation.

Engine design
considerations
We asked Beloy, given the clean-sheet
approach, why not opt for a change
of engine type, perhaps to something
more radical?
“Reliability is the chief requirement,”
he explains. “There was the temptation

Electric motors | Focus

Quiet operation is a key attribute with an electric
propulsion system. This is an acoustic testing facility
(Courtesy of NWUAV)

Autonomous underwater vehicles | Insight

The Abyss AUV carries a sensor payload
that does not rely on light to analyse the
sea floor (Courtesy of Geomar)

Brushless motors are an established
technology. This is a 28-pole type
(Courtesy of Hacker Motor)

Category

The powertrain package
for Insitu’s ScanEagle UAV
incorporates the N20 into a
module that can be removed
from the craft without
disconnecting any fluid lines

We wanted to
push the bar
with the N20.
The goal is zero
engine failures,
especially as any
failure can cause
the loss of a
costly payload
to use something different but it was
considered more important to use wellproven technology.” Supercharging and
turbo-supercharging were ruled out on
grounds of cost and reliability, as well
as added weight, size and complexity.
“We make sufficient power without the
additional complexity,” he says.
A compression ignition engine would
require a higher compression ratio,
and with that a stronger, heavier engine

Unmanned Systems Technology | June/July 2016

architecture, and it would create more
vibration, hence the preference for
continuing with spark ignition. “However,
it must in all circumstances be possible
to ignite jet fuel in a controlled manner,
and Orbital’s technology does this,”
Beloy emphasises.
Spark ignition of jet fuel normally implies
running hot, which in turn causes the
build-up of deposits in the combustion
chamber. That not only reduces the time
between overhauls but also brings a
danger of pre-ignition. Orbital’s technology
makes the engine run cooler, overcoming
this drawback. It also helps meet the key
challenge of the vast range of operational
conditions to which the ScanEagle is
subject, from the cold of the Arctic to the
heat of the desert.
The ScanEagle has always been
powered by an air-cooled two-stroke single.
It was originally powered by a modified
model aircraft engine, although that 28 cc
unit has been much modified over time.
Insitu wanted to stay with an air-cooled twostroke in consideration of power density.
Minimising weight was a key target,
hence the continuing use of just one
cylinder. Compared with a twin, a single is
lighter and more fuel-efficient. It also implies
a craft with less aerodynamic drag and
helps make the engine more affordable.
However, compared with the

59

Brushless electric motor technology,
on which electric drive systems in
unmanned platforms are based, is
used in many other applications

internal combustion engine (ICE).
An added allure is the fact that
brushless electric motor technology,
on which electric drive systems in

brushless dc (BLDC) motor is the ideal
choice for applications that require high
reliability, high efficiency and a high
power-to-volume ratio.
In general, a BLDC motor is
considered to be a high-performance
device capable of providing large
amounts of torque over a wide speed
range. The motors are a derivative of

performance curve characteristics.
The major difference between the
two is the use of brushes: BLDC
motors do not have brushes and
must be electronically commutated –
commutation is the act of changing the
motor phase currents at the appropriate
times to produce rotational torque. In a
brushed dc motor, the motor assembly
contains a physical commutator that is
moved by means of actual brushes in
order to move the rotor.
In a brushless motor the mechanical
switching function, implemented by the

brushless motor, the electromagnetic
field (created by permanent magnets)
is the rotating member of the motor
and is called the rotor. The rotating
magnetic field is generated by a number
of electromagnets commutated with
electronic switches, typically transistors, in
the right order at the right speed.
In a brushless motor it is important to
know when to switch the electrical energy
in the windings to perpetuate the rotating
motion. This is typically accomplished
by some means of feedback designed
to provide an indication of the position
of the magnet poles on the rotor relative
to the windings; a Hall effect device,
a transducer that varies its output

systems it is more common for brushless
motors to be commutated without
sensors (sensorless) or with the use of an
encoder for positional feedback.
A BLDC motor has two primary
parts – the rotor, the rotating part; and
the stator, the stationary part. Other
important parts are the stator windings
and the rotor magnets.
There are two categories of brushless
motors, outrunner and inrunner; with
multi-rotor and most unmanned fixedwing aircraft you will only encounter
outrunner motors. The difference is that
outrunners have the rotor on the outer
area of the motor, while with inrunners
the rotating part is on the inside, the outer

unmanned platforms are based, is well
established, and is already used in
many other industrial applications. The

the most commonly used dc motor, the
brushed dc motor, and the two types
share the same torque and speed

brush and commutator combination
in a brush-type motor, is replaced
by electronic switching. In a typical

voltage in response to a magnetic field,
is commonly used for providing this
positional feedback. For unmanned

shell remaining stationary.
Inrunners are often used in remote
control cars, as they can spin much

Electric avenues
Mark Venables investigates the electric
motor options for unmanned systems

I

t is not difficult to see the attraction of
electric motors as the propulsion source
for unmanned systems. An electric
drive system – the electric motor and

its associated power electronics – can
achieve efficiencies above 90%, compared
with the 30% or so available from an
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Deep thinking
As autonomous underwater systems
head ever-deeper beneath the waves,
so their designs are having to evolve.
Nick Flaherty reports

T

he commercial requirements
of autonomous underwater
vehicles (AUVs) are changing
the way they are designed
and deployed. Initially
developed for mine clearance in shallow
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waters or remote operation in deep
water, the need for flexible payloads
and sensor fusion to combine data from
different payloads for use in autonomous
operation at greater depths is driving
these changes.

That change is highlighted in the US
Navy’s classification of such systems (see
table), with the torpedo-shaped designs
evolving to larger systems for applications
such as pipeline monitoring or seabed
prospecting in deeper water. The latest
AUV system from Lockheed Martin for
example, the Marlin Mk3, being built by
SeaRobotics, clearly shows this move.
At the same time, smaller AUVs that
operate in shallower waters are adding
the ability to communicate directly and
operate in swarms.

April/May 2016 | Unmanned Systems Technology

Seafloor mining
More than 1.2 million sq km of ocean
floor now have permits to be mined, and
AUVs are a key tool for the analysis of
the seabed for oil and gas as well as rare
earth elements such as neodymium and
yttrium, key constituents in magnets and
computer screens for example.
A major challenge with deep sea
mining is the lack of light, which limits
the use of traditional cameras, so
researchers at the Helmholtz Centre
for Ocean Research in Kiel, Germany,
have developed a payload called a
self-potential (SP) sensor, which uses
a combination of a magnetometer
and a second sensor that measures
weak electrical currents produced by
chemical reactions occurring between

Diameter (in)

Weight (lb)

3-9

Less than 100

Less than 0.25

12.75

About 500

1-3

Heavyweight

21 (US Navy
torpedo tube
diameter)

Less than 3000

4-6

Large

More than 36

Up to 20,000

15-30 (plus external stores)

Another approach
to prospecting
on the seabed
is to use a
hyperspectral
camera that can
look across a
wide range of
frequencies
mineral deposits and seawater. It has
been designed to fit into the Helmholtz
Centre’s Abyss AUV.
A first trial at Kiel tested the feasibility of
collecting SP data using two electrodes
mounted to the frame of the AUV at
different positions. The greater the
distance between the electrodes, the
more precise the measurements and the
better the detection limit.
The front electrode was positioned on
an outrigger near the nose of the vehicle,
as this is the working position for the
magnetometer during seafloor surveys,

Unmanned Systems Technology | April/May 2016

Payload volume (cu ft)

Man-portable
Lightweight

while the rear electrode was tested in
various positions along the AUV. Results
indicate that, as expected, the data is
clearly affected by the rotating magnetic
fields generated by the propellers, but
measurements capable of detecting
sulphide deposits should be possible
if the back electrode is more than 1 m
away from the propellers.
However, trials in the Atlantic in late
2015 found that using the outrigger
placed too much stress on the craft’s
buoyancy foam, so installing the SP
sensor and data logger together with
the magnetometer onto the outrigger
needs to be rethought, and the tests are
continuing.
Another approach to prospecting on
the seabed is to use a hyperspectral
camera that can look across a wide
range of frequencies, not just visible light.
Ecotone, a spin-off company from the
Norwegian University of Science and
Technology in Trondheim, has developed
the first underwater hyperspectral imager
designed to go as deep as 6000 m, and
this was tested on a research expedition
in the Pacific in autumn 2015.
The 35 kg camera was mounted on
a remotely operated vehicle to detect
nodules of rock on the seabed by
measuring 100 separate frequencies at a
depth of 4200 m to create a profile of the
response of the rocks on the seabed.
“Hyperspectral imaging has been
implemented successfully by planes
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Nick Flaherty
Technology Editor

Fuel cells | Focus

The fuel cell-powered Hycopter stores
its hydrogen in its frame structure
rather than specific fuel tanks. The
craft will be available in early 2016
(Courtesy of Horizon Energy Systems)

The US Navy classifies UUVs
and AUVs in four categories

Chemistry lessons
Will Roney reports on developments in
fuel cell technologies, and the promise
they hold for unmanned systems

U

nmanned systems are
being deployed in a
range of applications that
appears to be growing
almost exponentially –
from the depths of the world’s oceans
to the reaches of outer space. A critical
challenge with all of these systems
though is to supply them with enough fuel
energy to give them the payload-carrying
capability and endurance to carry out
their assigned tasks, and to do so within
an overall vehicle design that of necessity
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has to feature a range of compromises.
Although petroleum-based fuels are
popular because of their high energy
density compared with batteries and
other power sources, oil is a material that
will ultimately run out and will therefore
become increasingly unaffordable for
all but the most efficient propulsion
systems. This generally means a
highly industrialised product, unlike the
unmanned vehicles of today.
Renewable energy sources such as
biomass and solar have yet to prove

their reliability in providing uninterrupted
(or readily replenished) energy for
unmanned use. There is also the issue
of energy per unit vehicle mass, which is
critical in the design of aerial vehicles in
particular, where weight is at a premium.
These issues signal the growing
importance of using fuel cells to power
unmanned systems.
In its simplest form, a fuel cell consists
of three basic elements – the anode,
cathode and the electrolyte (a substance
that ionises when dissolved in a suitable

Dec 2015/Jan 2016 | Unmanned Systems Technology

ionising solvent such as water).
The anode oxidises the hydrogen fuel
using a catalyst, often a platinum powder,
by removing an electron (oxidation) to
leave a positively charged hydrogen ion.
The hydrogen ions are drawn through
the electrolyte after the reaction. At the
same time, electrons are drawn from the
anode to the cathode through an external
circuit, producing direct current. At the
cathode, hydrogen ions, electrons, and
oxygen react to form water
The advantages of fuel cells are that
they are far more efficient than fossil fuels
and have a higher energy density. They
also tend to be modular units, making
for easy installation, they are considered
to be zero-emissions devices, and they

Fuel cells are far
more efficient
than fossil fuels
and have a higher
energy density.
They also tend
to be modular
units, making for
easy installation
produce very little vibration that could
affect other parts of an unmanned system
such as a camera or video unit.
On the downside, however, they can
prove relatively expensive and complex
compared with battery or solar power
alternatives, and require specialist design
and assembly to make them integral to
the unmanned system; they can need
specialist maintenance procedures too. In
addition, the risk of the system becoming
contaminated means they need filters
and cleaners to ensure that the materials
used are of the best quality, which have
to be accounted for in their cost.
Hydrogen is not naturally abundant
so it must be obtained through
water electrolysis or by reforming
hydrocarbons, defining it as an energy
carrier rather than an energy source.
There is also no distribution infrastructure
yet for hydrogen for fuel cell use, and
issues with hydrogen handling mean
special safety precautions must be
adopted when dealing with it. Methanol
toxicity (where CH3 is the fuel) and
flammability mean that storage and
transport will always be a key aspect of
the overall support network.
Fuel cell integration into the unmanned

Unmanned Systems Technology | Dec 2015/Jan 2016
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Ian Bamsey is a world
renowned technology writer and
editor. Over the past 25 years
he has created publications
covering the technology of
racecars and race engines and more recently
he was one of the founders of Unmanned
Systems Technology magazine.
Bamsey is now concentrating his attention
on the equally complex and innovative world
of unmanned systems technology. The same
challenges of engineering efficiency are present
here together with a lot more freedom for
experimentation with alternative solutions.

vehicle, however, is key. The issues that
need to be addressed are those that
designers wrestle with on a daily basis
– where is the energy to be produced,
how is it to be stored and delivered to the
power unit, and how is the power system
going to be contained within the vehicle?
What is the impact to the vehicle in terms
of weight or cost?

Gaseous hydrogen storage
The notion of gaseous hydrogen storage
as a design feature to fuel UAVs recalls
the designs of the first airships, from
the Zeppelins of World War I to the
Hindenburg and the British R101 in the
1920s and ’30s. Their time ended after
a number of disasters, but recently
there have been steps to mimic the
concept, in such diverse applications
as passenger carriage right down to the
smallest of UAVs.
The challenges with dealing with
hydrogen, particularly in its gaseous form,
are twofold – its flammability and the
volume needed to provide meaningful
fuel energy. In a properly sealed system,
there should be no problems with fire
risks, but the issue of gaseous volume is
a tricky one.
With the extra structure needed
to encompass the fuel in this state,
there is the possibility that the design
compromises needed for flight cannot be
achieved. This is owing to the balance
needed between providing enough space
for the gaseous fuel and keeping the
weight of that structure to the absolute
minimum so that any advantages in using
this method are not marginalised.
The advantage with storing gaseous
hydrogen within the structural
framework of the UAV, instead of
in specific fuel tanks, is that the
more traditional ‘silo-based’ design
philosophies, such as aerodynamics,
structures and mass coexist in a less
distinct way. This allows an overall more
efficient system to be designed that
makes best use of the advantages of
gaseous fuel cell technology.
Where this concept has been

Nick Flaherty is one of the
world’s leading electronics
technology journalists. He
has been covering the latest
developments in semiconductor,
embedded software and electronics technology
for the last 25 years as a writer, editor, analyst
and consultant.
His expertise is now applied to the unmanned
systems market, where the technology is moving
fast. He brings detailed technical knowledge,
analysis and experience of hardware and
software system development to deliver a
unique insight into the challenges of this
exciting, cutting edge market.
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February/March 2017

April/May 2017

June/July 2017

August/September 2017

FOCUS 1:
Connectors

FOCUS 1:
Machine Learning & AI

FOCUS 1:
Radio Links & Telemetry

FOCUS 1:
Gimbals

Making sure that all parts of an unmanned vehicle
are connected reliably is a significant part of
the overall design. We’ll assess the very latest in
standards and technologies for connectors across
the full range of autonomous systems.

Machine learning is the next frontier for
autonomous systems. This article will look at the
current state of the art for the development and
implementation of safe autonomous systems with
the range of machine learning approaches.

Moving a camera around accurately is a key
element of the value of unmanned systems. We
take a look at the continuing evolution in the design
and control of gimbal systems to direct a camera
payload quickly and efficiently.

FOCUS 2:
Propellers

FOCUS 2:
Maintenance

There is a wide range of technologies available
for linking to an unmanned system for telemetry.
Our focus will consider the different trade-offs
between the frequency bands, protocols and power
envelopes for radio and satellite systems to keep in
touch with autonomous craft.

Propeller design and manufacture is a vital element
of many UAV designs. This focus will compare and
contrast the latest propeller systems, from materials
to performance, and how the design varies from
aircraft to both surface and underwater craft.

Ensuring autonomous systems are fit for use is
even more important when there is no human
input. We’ll look at the different challenges of
maintaining the hardware and software technology
in autonomous systems effectively, both with human
intervention and without.

INSIGHT:
Unmanned Ground Vehicles

INSIGHT:
Unmanned Underwater Vehicles

Ed deadline: 27/01/17
Ad deadline: 08/02/17
Publication date: 27/02/17
Bonus distribution:
Japan Drone Expo, Chiba, Japan
Drone Dealer Expo, Orlando, USA
Unmanned Systems Asia, Singapore

www.ust-media.com

Ed deadline: 17/03/17
Ad deadline: 29/03/17
Publication date: 17/04/17
Bonus distribution:
AUVSI Xponential, Dallas, USA
Nordic UAS Event, Odense, Denmark

FOCUS 2:
Ancillary Engine Systems
An engine needs a wide range of supporting subsystems to function effectively, from fuel pumps and
lines, exhaust and cooling systems to flywheels and
diagnostics. We’ll look at the range of developments
around the engine to help engineers reach the full
potential of unmanned technology.

INSIGHT:
Unmanned Aerial Vehicles
Ed deadline: 12/05/17
Ad deadline: 24/05/17
Publication date: 12/06/17
Bonus distribution:
Paris Air Show, Paris, France
World Congress on Unmanned Systems Engineering,
Cambridge, UK

FOCUS 2:
Sonar & Acoustic Systems
This focus article will concentrate on marine based
vehicles and the sensors that are needed for
unmanned underwater and surface vehicles. The
latest challenges in sonar, acoustic modems and
other undersea technologies will be at the forefront
of our coverage.

INSIGHT:
Unmanned Surface Vehicles
Ed deadline: 14/07/17
Ad deadline: 26/07/17
Publication date: 14/08/17
Bonus distribution:
DSEI, London, UK
Commercial UAV Show Asia, Singapore
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UST 2017 Publishing schedule overview

October/November 2017

No. Issue

Ed deadline

Ad deadline

On sale

Key features

12 Feb/Mar ’17

27th Jan

8th Feb

27th Feb

Insight: Unmanned Ground Vehicles
Focus 1: Connectors
Focus 2: Propellers

13 Apr/May ’17

17th March

29th March

17th April

Insight: Unmanned Underwater Vehicles
Focus 1: Machine Learning & AI
Focus 2: Maintenance

14 Jun/Jul ’17

12th May

24th May

12th June

Insight: Unmanned Aerial Vehicles
Focus 1: Radio Links & Telemetry
Focus 2: Ancillary Engine Systems

15 Aug/Sept ’17

14th July

26th July

14th Aug

Insight: Unmanned Surface Vehicles
Focus 1: Gimbals
Focus 2: Sonar & Acoustic Systems

16 Oct/Nov ’17

22nd Sept

4th Oct

23rd Oct

Insight: Unmanned Space Vehicles
Focus 1: Power Management Systems
Focus 2: Engine Control Units

FOCUS 1:
Power Management Systems
Battery systems for autonomous applications
require complex management. We’ll look at the
power management sub-systems for a range
of different unmanned systems, the monitoring
protocols and the options and requirements for
different battery technologies.

FOCUS 2:
Engine Control Units
The ECU is the heart of the engine system. We’ll
explore the development and testing of ECUs for
unmanned systems, looking at how these can be
integrated into the autonomous control systems.

INSIGHT:
Unmanned Space Vehicles
Ed deadline: 22/09/17
Ad deadline: 04/10/17
Publication date: 23/10/17
Bonus distribution:
The Commercial UAV Show, London, UK
Commercial UAV Expo, Las Vegas, USA
Drone World Expo, San Jose, USA
Unmanned World, Doha, Qatar
International Drone Expo, Los Angeles, USA

www.ust-media.com

www.unmannedsystemstechnology.com

Investigating a hawk-eyed Italian

Inspector Mk2

Back at base

Focus on ground control systems

Come to light

Multi-mission USV gives up its secrets

Solar power’s day is dawning
UST 06 : FEB/MARCH 2016

UK £15, USA $30, EUROPE e22

Up above

Alti Transition VTOL hybrid

UST 05 : DEC 2015/JAN 2016

www.unmannedsystemstechnology.com

www.ust-media.com

UK £15, USA $30, EUROPE e22

www.unmannedsystemstechnology.com

www.ust-media.com

Readership

UST 08 : JUNE/JULY 2016

UK £15, USA $30, EUROPE e22

Unmanned Systems Technology magazine is read by engineers around the world actively working on developing
technological solutions for unmanned vehicles and the systems that support them. Written by engineers, for engineers.

Circulation
Core circulation –
individually mailed copies

6,000

Readership
(average 3 readers per copy)

18,000

• Chief / Head / Lead / Principal Engineer (UAV, UGV, USV, UUV)
• Aerospace Engineer • Airworthiness Engineer • Chief Scientist
• Developer • Development Engineer • Director of Design
• Electronic Design Engineer • Embedded Software Engineer
• Head of Innovation • Lead Robotics Engineer • Materials Manager
• Mechanical Engineer • Program Manager • Project Engineer
• R&D Engineer • Robotics • Researcher • Senior UAV Technician
• System Integration Engineer • Technician
• Technology Researcher • UAS Logistics Analyst
• UAV / UAS Operator • UAV / UAS Pilot • UV Specialist
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Rest of World
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Full page
Half page
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$3930

$3710

$2300

$2070
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Examples of full page ads

Cover positions +20%, Guaranteed position +10%

Specifications:
Artwork can be supplied
in PDF, EPS, TIFF or
JPEG formats. Artwork
to be set at 300dpi.
Alternatively we do
offer a design service by
arrangement, so if you
would like us to help
make an advertisement
for you, or amend an
existing ad, then please
get in touch to discuss.

Examples of half pages
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Trim: W420mm x H297mm
Bleed: W426mm x H303mm
Type: W400mm x H277mm

Trim: W210mm x H297mm
Bleed: W216mm x H303mm
Type: W190mm x H277mm

Half page (V)

Half page (H)

Quarter page

Type area:
W92.5mm x H277mm

Type area:
W190mm x H136mm

Type area:
W92.5mm x H136mm

Examples of quarter pages

www.ust-media.com

www.unmannedsystemstechnology.com

Investigating a hawk-eyed Italian

Inspector Mk2

Back at base

Focus on ground control systems

Come to light

Multi-mission USV gives up its secrets

Solar power’s day is dawning
UST 06 : FEB/MARCH 2016

UK £15, USA $30, EUROPE e22

UST 05 : DEC 2015/JAN 2016

www.unmannedsystemstechnology.com

www.ust-media.com

UK £15, USA $30, EUROPE e22

www.unmannedsystemstechnology.com

www.ust-media.com

Contacts

Up above

Alti Transition VTOL hybrid
UST 08 : JUNE/JULY 2016

UK £15, USA $30, EUROPE e22

We’ve been working with UST since
day one and have been delighted
with the interest and feedback our
advertisements have generated. UST is
fresh, creative, and stands out from all
others with its detailed technical reports
that truly celebrate the innovation that’s
driving this fascinating and fast growing
industry.
Phillipp Volz, CEO, Volz Servos

As a SUAS manufacturer, UST provides
us with valuable information, technology
and products from across the world that
we would otherwise not know about.
The detailed technical articles, images
and well written copy bring all that
information together in one source. It’s a
top notch magazine that we place above
all others in our office.
Duran De Villiers, CEO, Steadidrone

UST covers the unmanned industry
from the perspective no other magazine
does – from an engineering point of view.
Articles dig deep to explore the technical
aspects of unmanned vehicles, from the
technology used to the manufacturing
methods involved. This approach is of
great interest for anyone who is involved
in designing unmanned systems.
Rory Bauer, Sales Director, UAV Factory

UST magazine is one of the few
publications that still takes the time
to do thoughtful, in-depth pieces with
leading experts in the unmanned
industry. It provides insight into the
companies that are driving technology
forward and helps me to know who’s
leading the pack.
Andrew Hayes,
Director of Advanced Development, Insitu

Fact not fiction. Science not speculation.
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