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■ Decoy and Destroy

■ RASISR Sharp

A new addition to Saab’s Arexis electronic
warfare product line provides added protection
for Gripen.

L3Harris expects to have its new RASISR Signals
Intelligence collection pod ready for delivery in
2021, the firm has told Armada.

Editorial
MILITARY
SATELLITES NO LONGER
FOR THE ELITE

T

he burgeoning need for systems
that can provide intelligence,
surveillance and reconnaissance (ISR) data into increasingly connected digital military
networks is fuelling the growth in many sectors, but particularly in the military satellite
and unmanned aerial vehicle (UAV) markets.
Once only the domain of national space
agencies such as the National Aeronautics
and Space Administration (NASA),
nation after nation is dedicating funding
and resources to building up their own
indigenous capability.
Real-time situational awareness and
precision timing are key to national global
intelligence networks that can feed decision
making and trigger effects. The desire
to collect then share such information particularly in the drive for ‘any sensor,
any shooter’ - is without doubt fuelling the
need for more satellites. In addition to this,
as analytic company GlobalData explains:
“As most contemporary spy satellites have a
short operational life, the military satellites
market is expected to witness further
investments in the replacement of ageing
satellites with newer ones.”
The entry into the market of commercial
launch systems, together with the

factors of lower development costs and
miniaturisation have opened the door to
a greater number of nations who can now
control and utilise such resources.
According to GlobalData, the demand
for ISR capable satellites will take a 51
percent share of the global spend on military
satellites between 2021-31, worth about $7
billion by 2031 with a compound annual
growth rate (CAGR) of 3.67 percent. The four
military satellite segments that will attract
funding include ISR, communications,
navigation and those that provide
meteorological data.
Unmanned aerial vehicles are no longer
a novelty in the military and range from the
incredulously small FLIR hand-held micro
Black Hornet to Northrop Grumman’s
RQ-4 Global Hawk weighing in at 32,250
pounds (14,628 kilograms), with an every
growing number of systems in-between.
Not only are these UAVs hoovering up data
- much of it visual - they are increasingly
weaponised to deliver on the ‘any shooter’
part of the network. Their participation
in real-time operations demands their
effective linkup into the network via
satellite links. As GlobalData observes: “An
increasing demand for communication
bandwidth from unmanned aerial vehicles

(UAVs) and other modern communication
equipment has led to a substantial increase
in the number of satellites and technological
innovations in the communication
segment.”
This is also an area that appeals to the
latest concept of “allies and partners”,
where nation states either cannot afford to
develop such capability themselves, or see
their needs met by sharing their investment
and the likely ISR outcomes that will result.
At the end of 2019 the US founded its
Space Force as part of the US Air Force, the
French Space Command was established
earlier in the year, while the following year
Japan established a Space Domain Mission
Unit, while the UK's Space Command was
formally founded on 1 April 2021. The space
force 'genie' is well and truly out of the
bottle.

Andrew Drwiega,
Editor-in-Chief
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HNLMS Zeeleeuw was the first Walrus submarine to go through IP-W. The
boat is now operational, carrying the upgraded capabilities.

STEALTHY SUB-SURFACE
DATA GATHERERS
The outgoing Royal Netherlands Navy (RNLN) submarine service chief Captain Herman de Groot
discusses the changing underwater operating environment and how the RNLN’s upgraded Walrus-class
submarines and their planned replacements will meet this challenge.

A

lthough happening in an
unseen world, underwater
warfare is front-and-centre
in today’s returning naval
rivalry. In the Cold War world,
the ‘cat-and-mouse’ game involving surface
ships, submarines, aircraft as the hunters,
and submarines as the hunted, defined and
demonstrated much of that naval rivalry.
Post-Cold War, submarines continued to
optimise their ‘USP’ - stealth - to bring
covert capability to bear in intelligence,
surveillance, and reconnaissance (ISR)
activities and in strategic strike through
land attack.
Today, as Western naval powers and
their adversaries renew their respective interest in the strategic advantage offered by

6

Dr Lee Willett
a submarine’s stealth, underwater warfare
- and especially anti-submarine warfare
(ASW) - is central once again.
In the Euro-Atlantic theatre, one navy
whose submarine service has been at the
forefront of underwater activity in the Cold
War, post-Cold War, and contemporary
operational worlds is the Royal Netherlands
Navy (RNLN).
Since the early 1990s, the RNLN’s
submarine service has been meeting the underwater threat with its four Walrus-class
diesel electric submarines (SSKs). The
class is undergoing the Instandhoudingsprogramma-Walrusklasse (IP-W) mid-life
upgrade (MLU). Second- and third-in-class
boats HNLMS Zeeleeuw and HNLMS Dolfijn have completed work and are operational;
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fourth-in-class boat HNLMS Bruinvis is
nearing completion of IP-W work, and will
undertake regular depot-level maintenance
before returning to operations around 2024;
lead boat HNLMS Walrus is scheduled to
start IP-W in 2022.
From the late 2020s into the 2030s, four
new SSKs will arrive to replace the Walrus
boats, under the Netherlands future submarine programme. The first boat is scheduled
to arrive in 2028.
With the pace of technology change accelerating and the level of strategic instability increasing, the four future submarines
likely will arrive to find a much-changed
operational environment. Even the four
Walrus boats are operating in a maritime
domain that has changed significantly from

when they first arrived, and continues to
change. Against these shifting strategic currents, the RNLN is having to continuously
adapt how it uses submarines.
Set against this context, the RNLN is
looking to maximise the submarine’s enduring strategic impact delivered by its USP,
within the returning focus on high-end operations. “I think it’s a combination of going
back to our roots, but in a more modern and
innovative way,” Captain Herman de Groot,
Commander Netherlands Submarine Service, told Armada International. “Across the
armed forces within NATO, we are looking
more at high-end warfare … which is why
you have submarines. You can also see this
in the way we are approaching our replacement programme.”
Captain de Groot joined the Royal Netherlands Navy in 1982 and has since served
onboard various submarines, commanding both the HNLMS Bruinvis followed
by HNLMS Walrus. Over the years he has
undertaken a wide variety of international
studies and command assignments. Before
taking up his current command he served as
Head of the Military Strategy Department
at the Netherlands Ministry of Defense
from 2013-2016.
GLOBAL AFFAIRS
Capt de Groot said there is no better example of the significant impact a submarine could have on global affairs than the
recent closure of the Suez Canal, caused
by the grounding of the container ship MV
Ever Given. “If you look at what a six-day
blockage of the Suez Canal meant to world
trade …. you can do that anywhere in the
world with a submarine. You don’t need 100
submarines to do that: a couple is more than
enough, and it will take quite a bit of time
to assemble enough ASW forces to counter
that threat.”
Submarines can both create and
counter such risks. To do so in the modern
operating environment, submarines are
blending old and new roles and capabilities. ISR operations have always been a
core requirement; today, they are overlaid
with the return of high-end warfare tasks
like ASW and anti-surface warfare (ASuW),
although with a different operating context:
the increasing strategic focus on underwater operations means there has been “[a]
rediscovery, almost, of ASW and ASuW in
a modern environment against modern
opponents,” said Capt de Groot.
Another task that came to prominence

Royal Netherlands Navy
Saab
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in the post-Cold War period and continues
to develop in the modern, high-end warfare
world is strike, both at sea and ashore. “I
certainly see in [recent] years a lot more
emphasis on strike power – in our case,
delivering torpedoes on target,” said Capt
de Groot. “There is a renewed focus on
delivering weapons on target and being the
striking power of the RNLN, in case that is
needed.”
OPERATING ENVIRONMENT
Although Western navies are introducing
new concepts to optimise and counter
what a submarine brings, the nature of the
underwater operating environment creates
a consistent reality that any operator – both
hunting and hunted – must address. This
reality underlines the submarine’s enduring USP.
“For ASW – and it doesn’t matter if
you fly above, float on top of, or operate
underneath the waves, it is a battle you fight
in one of the most difficult environments
there is: salt water,” said Capt de Groot.
Listing repeated technological efforts over
many decades to see through the surface
of the sea and to listen underneath it to
negate the submarine’s unique advantage of
stealth, Capt de Groot said all such efforts
“have been defeated by simple salt water”. “I
have heard many claims over the years that
the ocean is going to be transparent …. I tend
to say `wait and see’ because I’ve seen this
too many times before.”
The enduring covert nature of the
underwater domain means submarines will
retain their strategic impact in a future operating environment that will remain insecure. “The world will not become stable out
of nowhere,” said Capt de Groot. He highlighted areas of strategic competition that
may emerge in the future maritime domain,
including competition for resources like
fuel, water, and minerals and growing focus
on the seabed and the data and communications infrastructure located there. With
their stealth, submarines will play a key role
in competition to access and/or secure such
resources. “Submarines remain one of the
very few military elements you can bring
out in an area without immediately taking
steps on the escalation ladder …. That will
remain important,” said Capt de Groot.
As regards seabed infrastructure security, he added, “More and more countries
[will] start to realise how much economic
infrastructure is on the seabed, and that
you don’t need to attack a data-centre

Captain Herman de Groot, the outgoing
Commander of the RNLN Submarine Service.

ashore to disrupt someone’s economy.
Seabed [operations] will become one of the
new missions where submarines play a role,
for example as a forward operating base or
command post.”
BLENDING OLD AND NEW
For the RNLN, like any modern navy, delivering high-end capability is increasingly
enabled by the integrated use of data. The
RNLN is augmenting this combination of
data input and effects output in its future
submarines and the Walrus-class boats (the
latter, through the IP-W programme).
Two key capability developments in the
IP-W programme demonstrate the benefits
of integrating information, and of blending
old and new capabilities.
First is sonar capability. The boats are
retaining the original ‘wet-ends’ of their
sonar systems – the Thomson Sintra TSM
2272 Eledone Octopus bow-mounted sonar,
and the GEC Avionics Type 2026 towed
array sonar.
“What I see is that computing power and
development of big data etcetera provides
new ways to handle the old-fashioned
stuff,” said Capt de Groot. “If I look at IP-W,
we are still using the same sonar ‘wetends’ – so, that hardware has not changed.
However, if you put modern algorithms
behind it and tie it to modern computers
with modern ways of analysing big data
streams, the picture you get from same sensor, which was designed in the early 1980s,
is completely different.” “You tend to forget
you’re looking at a picture provided by an
old ‘wet-end’,” he added. “We’re not talking
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An officer onboard second-in-class Walrus boat HNLMS Zeeleeuw looks at the combat
management system (CMS) console, which displays the feed from the boat’s new optronics mast.

more informed decisions.
Using data analysis to fully exploit the
information coming into the boat has impacted on operating and crewing concepts,
with approaches developed for the postIP-W Walrus boats that will be integrated
into the future submarines, too.
“If you look at the optronics mast,
compared to a periscope, what we saw
happening there is that, for the first time,
the visual picture has become just another
sensor. Command has to integrate it with all
the other sensors,” said Capt de Groot. The
mast is operated by an able seaman. This
allows the boat’s command to have greater
overview of the control room and the
information being generated. The mast
picture is displayed on screens across the
Royal Netherlands Navy

about a 10-20 percent increase; we’re talking
about factors.”
In the new boats, this capability
upgrade will be enhanced further with
developments on the ‘wet-end’ side.
A hardware upgrade delivered under
IP-W that, when combined with data analysis, is having a similar impact in improving
the operating picture is the replacement
of the existing navigation periscope with
an L3 KEO Model 86 (mod) optronics mast.
The mast is controlled using the Netherlands-designed CAMS/Force Vision Guardian combat management system (CMS),
installed under IP-W and located in the
forward control room: combining the mast
and CMS enables the crew to integrate mast
data with that from other sensors and make

HMAS Canberra sails with the USN’s Flight IIA DDG 51 guided-missile destroyer USS
McCampbell (centre) and the Whidbey Island-class landing ship dock (LSD) amphibious ship
USS Ashland during the Australia-US ‘Talisman Sabre’ exercise in 2019, off the Queensland
coast. For ‘Talisman Sabre 2021’, the RAN and the USN will integrate again.
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control room. “Everybody can see the picture, everybody can think about what they
see on there,” Capt de Groot explained.
The RNLN is further exploiting these
new capabilities and their effects by introducing new crew constructs. “The new
systems provide so much more data in a
much more complex environment that …[,]
just as you need specialists on the platform
operation side, you need specialists on the
warfare side,” explained Capt de Groot. “It’s
not just operating the systems; it’s actually
understanding what you get in and making
the right analysis based on it.” The service
is developing specialists across all sensor
areas – sonar, optronics, and other systems
like electronic support measures (ESM) –
with these specialists needing real-time
data analysis skills. “For a submarine to really be able to do its business, you need to be
able to do real-time analysis yourself,” said
Capt de Groot. “You buy submarines for one
reason: stealth …. That negates certain analysis methods you can only achieve through
an ‘umbilical cord’” – in other words, a communications connection ashore. “We don’t
have the option to use an ‘umbilical cord’
connected back home, with 100 scientists in
the data-centre doing analysis for us.”
To grow this onboard capability, the
RNLN has evolved the Walrus crew construct to include two more ratings as sensor
and data analysis specialists in the control
room, at the expense of two engineering
ratings. The change was introduced with
HNLMS Zeeleeuw, when the boat returned
to operations after IP-W.
FUTURE SUBMARINE
Developing improved high-end warfighting output and underpinning this with the
use of data and evolved crew concepts is
something the RNLN is taking forward in
developing the requirements for its future
submarine.
For example, the optronic mast capabilities provided for Walrus will be enhanced
again, with improved optronics systems
being used for both the navigation and
search/attack masts – delivering what Capt
de Groot referred to as ‘8k’ image resolution – and with an improved CMS. “If you
take an 8k periscope picture – so, the same
technology you have in an 8k television –
that means the actual information in the
picture is better than the ‘Mk1 eyeball’. If
you then have an algorithm that can search
for geometrical shapes in the picture pixels
…[,] detecting something like a plane is a

completely different game than finding it
visually,” he explained. “It has put us on the
way to integrating a completely new way of
thinking about the visual world.”
The submarine service is also continuing to evaluate crewing concepts for the
new boats, assessing how to attract the
right numbers of the right kind of people
to ensure it can force generate boats and
capabilities to meet operational requirements beyond 2030. As he prepares to
hand over command in June 2021, Capt de
Groot reflected on his time in post and said
“Where we really made progress is the strategic thought process of the way we think
we should run the submarine force in the
future.” The key question is how the service
will generate ready-for-duty submarines
while balancing the needs of personnel
wanting a better work/life balance, he
explained. “That thought process has been
started. I think we have made major
progress.”
Capt de Groot noted that progressing
the new boats from design into build and resolving the force generation questions will
be key issues for his successor. “Buying new
equipment – in my opinion, one developed
over the last four years – is the easier of the
two tasks,” he argued. “Coming up with a
future concept of integrating young people
and providing ready submarines at sea is
completely different [compared to] how
we have done things previously.” He added
that, in a recent two-day wargame simulating operations beyond 2030, the service had
successfully tested its potential new capabilities and crewing concepts in delivering
future operational requirements, including
for high-end warfighting.
Despite the evolving requirements
and capabilities, some things in the new
boats will stay the same. At 2,850 tonnes
dived displacement, the Walrus boats are
relatively large for an SSK: the larger size
was intended to enable the boats to deploy
widely at distance, across the Euro-Atlantic theatre and further afield. In the latter
context, Walrus boats have deployed to the
Indian Ocean to support counter-piracy
operations and to the Caribbean to protect
Dutch territorial interests. Today’s strategic
re-focusing on the Euro-Atlantic theatre
will not change this size and scope
requirement.
“The focus of the navy including the
submarine service is still to be an expeditionary force, which means we cannot take
the risk of focusing on just one area,” said

Capt de Groot. Size delivers inherent flexibility. With Walrus, he explained, “[Its] flexibility allowed us to do anything we wanted.”
Consequently, with the replacement boats,
“From the outset, the big question was how
do we grasp that ‘free flexibility’ we got with
Walrus – designed for a single Cold War
task – in the design requirements for the
new boats?” Such flexibility is critical, he
continued: “If you look at the world stage
[over the last few decades] …. we have seen
so many changes, and if you compare that
to the lifespan of a major weapons system,

US Navy
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you have to have design flexibility because
nobody knows what’s going to happen.” The
Walrus boats were designed in a Cold War
world, and were operated initially in a postCold War world where ISR and maritime security were the dominant submarine tasks.
However, said Capt de Groot, “[There’s]
been a major change in the approach to
our replacement programme. It is not just
about what you can do with a submarine
in peacetime: it is also about what you may
have to do with a submarine if it all goes to
pieces.”

D E T E C T • LO C AT E • P ROT E C T

The control room of an RNLN Walrus-class boat, showing the search/attack
periscope (centre) in use with the CMS console behind it, carrying the optronics
mast feed. Onboard the navy’s new boats, the search/attack periscope also is to be
replaced by an optronics mast.
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special ops and expeditionary forces debrief

DTC

Domo Tactical Communications (DTC) had
demonstrated its SOL8SDR-H handheld radio
as a mobile ad hoc network (MANET).

CLEAR COMMUNICATIONS
IN THE SHADOWS
Next generation communications including software defined radios
will ensure special forces can use voice and data across a full spectrum
of missions.

I

By Andrew White

n line with emerging requirements
to maintain critical levels in connectivity across contested operating
environments, special operations
forces (SOF) around the world are
working closely with industry partners to
identify suitable solutions to ensure tactical
communications at the ‘edge’.
Only when SOF units are assured levels
in primary, alternative, contingency and
emergency (PACE) communications can
they effectively conduct the full spectrum
of mission sets which can range from direct
action and special reconnaissance through
to military assistance and humanitarian
aid/disaster relief.
Examples of assisting technology
include the roll-out of software defined
radios (SDRs), capable of providing SOF
operators with simultaneous voice and
data in addition to the support of in-field
software upgrades including waveforms.
The US Special Operations Command

(USSOCOM) is pursuing similar efforts
across its inventory of Next-Generation
SOF Communications product line which
includes L3Harris Technologies AN/PRC163 handheld and AN/PRC-167 manpack.
An undisclosed number of AN/PRC163s are already in service with US SOF
components while the AN/PRC-167 had its
first operational assessment pushed back
to the third quarter of 2020 due to delays
associated with the ongoing COVID-19
pandemic.
The development of these new SDRs
comes at a time when USSOCOM is paying
close attention to operations associated
with the age of Great Power Competition
(GPC) where SOF units can come into
contact with peer adversaries, particularly
from the Russian Federation and People’
Republic of China.
Areas of interest being pursued by the
Tampa-based command include focus on
multi-functional, mobile, small, light and
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power efficient systems, in addition to
waveforms with reduced electro-magnetic
signature; high bandwidth; protected
satellite communications; multi-band
access; and smaller antennae.
Both USSOCOM two-channel radios
provide simultaneous voice and data
services with the additional upgrade
to operate a third channel through
the integration of a Mission Module.
L3Harris continues to design additional
mission modules following the release
of the first type which is dedicated to
support Intelligence, Surveillance and
Reconnaissance (ISR) mission sets.
According to retired US Army SOF
officer, Rob Culver, now director for
Department of Defense business at Domo
Tactical Communications (DTC-now part
of Codan Group), such communications
solutions must capable of supporting
special operations in the “long war on
terrorism” as well as “conflict with peer and
near-peer adversaries and the escalation
from low intensity conflict to large scale
combat as well grey zone conflict”.
Speaking to Armada International,
Culver explained: “There is an increasing
demand for MANET [mobile ad hoc
network] tactical communications which
incorporates commercial technology
and software. The demand to push
communications and computing power to
the tactical edge, increases the demand for
the wireless transport of high data payloads
such as HD [high definition] and Full
Motion Video (FMV) through a mobile ad
hoc network.
“In the mix of companies competing
with DTC for market share are the usual
traditional defence communications
suppliers, as well as growing number of
small business new to the defence and
security marketplace. Overall, the market
for tactical communications for SOF looks
to be growing and appears to be especially
good for software defined radios with low
latency, high-capacity mesh networking
offerings,” he added.
According to Culver, SOF units
conducting counter-terrorism and/or
operations against highly capable peer
adversaries including requirement for
secure, Low Probability of Intercept/ Low
Probability of Detection (LPI/LPD), antijam and anti-spoofing communications.  
Lt. Gen. Mary O’Brien, Air Force deputy
chief of staff for intelligence, surveillance,
reconnaissance, and cyber effects
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Codan’s HF ML6110 manpack soldier handset.

operations stated recently that opposing
forces may not simply attempt to jam or cut
communications but rather hack into them
to spread disinformation.  
“Cyber Security is a current and
emerging requirement. Along with the
security of the software and the waveform,
there is the need for low ‘signature’
capabilities,” she stated while paying
reference to the ability of enemy forces
to accurately detect SOF positions to
coordinate precision fires and defeat a
force.
“SOF are often characterised by the
need to quickly project force over long
ranges without the infrastructure and
logistics backup of more traditional
military operations. Codan’s HF radio
systems can play a critical role here by
providing infrastructure-free terrestrial
reach back of hundreds or even thousands
of miles with minimal setup all through a
simple and intuitive user interface.
“With the integration of DTC’s
Tactical MANET IP Mesh Technology into
the Codan portfolio, we can seamlessly
combine this long-range reach back
capability with high bandwidth local
MANET communications in order to deliver
a shared situational awareness picture (PLI,
voice, video etc.) together with the ability
of any MANET mesh user to directly access
the long-range HF reach back link via the
Codan XTEND smartphone application,”
Culver explained while describing how
Codan solutions provide low latency, high
data capacity, high node count and mobile
solutions “for use across the spectrum of

conflict in both manned and unmanned
applications”.
DTC solutions include covert audio
and video solutions, designed to support
clandestine mission requirements of
SOF units amongst other operational
requirements. Products support “military
special operations forces worldwide in their
efforts to combat terrorism and crime”,
which provide “high evidential standards”
to support the identification and
monitoring of terror threats, monitoring
organised crime and high risk operation.
DTC was unable to provide further details
due to operational security concerns.
Less well-equipped SOF units around
the world are also seeking to upgrade their
tactical communications capabilities
to support emerging demand signals
from across the contemporary operating
environment.
Examples include the Armed Forces
of the Philippines Special Operations
Command (AFPSOCOM) which has
contracted wireless communications
specialist Inrico to support modernisation
efforts across the Philippines Army Special
Operations Command.
In December 2020, Inrico was
contracted to provide a Push-to-Talk Over
Cellular (PoC) communications capability
through the deployment of specialist
terminals, consoles and management
software.
Such an uplift in communications
capabilities will support AFPSOCOM’s
ongoing operational demands which
include internal security operations against
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violent extremist organisations on land and
in littoral and maritime environments.
Philippines SOF already operate Inrico
PoC T320 and T199 tactical radios, although
upgraded systems will support longer
range communications between Luzon and
Mindanao.
Upgrades will ensure secure access to
tactical communications networks across
the Philippines, including monitoring and
prevention of cyber attacks. Additional
features include AES2565 encryption to
protect voice and data communications.
AI IN TACTICAL COMMS
Speaking about the Role of AI and Big
Data in Military Operations at a Hudson
Institute event on 7 December 2020,
USSOCOM’s commander, General Richard
Clarke promised the Tampa-based
organisation would be “putting our money
where our mouth is”.
“SOCOM is going to continue to be a
pathfinder on unique, repeatable, actual
real-world problems we are going to be
fighting and make sure we can apply
them into the future”, he said while
highlighting the emerging importance of
the “information environment”.
To date, USSOCOM has driven Project
Maven which includes the employment
of image detection algorithms to
assist in intelligence, surveillance and
reconnaissance mission sets.
However, Clarke said USSOCOM
would be front and centre to evaluate
and implement ML and AI across the
wider DoD, specifically noting how
cloud computing could also supply vast
demand for data in the future operating
environment.
Seeking to support emerging USSOCOM
requirements as well as other SOF
customers around the globe is L3Harris
Technologies which is looking to future
proof its own range of SDRs, particularly in
relation to emerging machine learning and
artificial intelligence (MI/AL) capabilities
which can be used to support autonomous
routing of communications as well as
support in decision-making processes.
A company spokesperson described how
forward-deployed SOF units must be aware
of “channel conditions” across a contested
battlefield, including “tracking link status
and evaluating network performance”.
L3Harris continues to support US Army
and coalition working groups regarding
next-generation waveforms to support

operation in contested environments.
Solutions include LPI/LPD waveforms in
addition to anti-jam solutions.
“Modern waveforms can proactively
sense channels, adjust frequency,
move between bands, adapt data rates,
and collaborate with nearby radios to
accomplish this without any operator
input,” said an L3Harris official.
As an example, both the AN/PRC-163
and -167 feature integrated Signals-Based
Threat Warning/Situation Awareness
(SBTW/SA) solutions which allow the SDR
to become aware of threatening energy
and signals across a battlefield. Sources
can then be identified and classified for
targeting by other assets.
“This is an area ripe for future research
and development, especially as we look
towards aggregating sensor data across
tactical networks in the ‘sensor-to-shooter’
construct,” the L3Harris spokesperson
added.
However, company sources confirmed
that much progress still has to be
made in terms of applying ML and AI
technologies to smaller form factor, tactical
communications solutions including SDRs.
Examples include providing SDRs and
mission modules with adequate level in
power to support ML/AI algorithms.
“Sophisticated AI processing is well
established in large infrastructure and
desktop applications, while portable
equipment is just getting started with more
specific tasks like biometric security. New
mobile processors are just starting to

feature neural processing engines, so
we expect these barriers will slowly be
overcome,” it was explained.
L3Harris is also offering up its
Transport Aggregation Gateway (TAG)
solution to support special operations
customers around the world. Featuring
ML and AI algorithms, TAG features
Smart Blending Technology which
identifies the most optimal data paths for
communications traffic, particularly when
operating in contested environments.
Comprising a TAG Gateway Remote
Terminal and TAG Concentrator, the
solution aggregates together multiple
communications networks (including
MANET and SATCOM for example) to
ensure maximum levels in data throughput.
“TAG automatically optimises capacity
by providing network resiliency and
elasticity as communications systems join
or leave the network. This commercial
technology has now progressed to a point
where it has become something useful to
the DoD,” L3Harris sources confirmed.
“Today, TAG is able to aggregate and
blend together the various data capacities
of multiple networks, meaning there are no
longer any disadvantaged user sets across
the battlespace. This means a single data
stream is able to exploit multiple network
links simultaneously to ensure maximum
levels in data throughput,” a source
explained.
TAG was first demonstrated to the US
Army in December 2018, with L3Harris and
commercial partner Dejero spending the

L3Harris
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L3Harris AN/PRC-163 is used by USSOCOM.

time since to mature the solution. Since
then, L3Harris has proven the solution
on board a variety of special operations
vehicles including the Polaris Government
and Defense MRZR Light Tactical All
Terrain Vehicle (LTATV) as operated by
USSOCOM.
Also looking to the future is Codan
Group which according to Culver, is
observing an “ever-increasing demand
for extremely low Size Weight and Power
(SWAP) software defined and software
configurable radios that are cyber secure
and provide LPI/LPD”.
Conclusion
Coalition forces operating throughout the
GPC will rely upon assured and resilient
tactical communications to ensure tactical
overmatch over highly capable adversaries
across the contemporary and future
operating environment.
However, emerging technologies must
be easy to use and allow SOF operators to
maintain focused without distraction on
the mission at hand.
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FLRAA AND FARA PROCUREMENT WITH A
DIFFERENCE
The US Army is on track to ensure that the two platforms that emerge from the Future Vertical Lift concept
- FLRAA and FARA - will be the best prepared and most capable next generation rotorcraft when they are
delivered to their first unit equipped around 2030.
By Andrew Drwiega
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“W

Bell's V-280 Valor has completed
its three year flight-test schedule
including low-speed agility, long-range
cruise, 305 knot high-speed flights and
external load carrying.

e have had major
aviation capability
gaps for a while.
We have tried to
modernise at the
same time as being engaged in major combat
operations, but we are now focused on peer
and near-peer competitors,” said Matthew
Isaacson, chief of operations, Signature
Modernisation Effort Integration Lead, US
Army, speaking on 11 May at the Vertical Flight
Society (VFS) forum on Future Vertical Lift
(FVL).
The return to ‘peer’ type competition
means has led to a number of significant
changes away from the counter-insurgency
(COIN) stance that has characterised the last
couple of decades. With an opponent now
capable of creating Anti Access/Area Denial
(A2AD) areas, there is a requirement for new
rotorcraft in particular to have greater reach
and standoff performance in multi-domain
operations.
While Isaacson confirmed that the Army’s
legacy rotorcraft - the Boeing AH-64 Apache,
Sikorsky UH-60 Black Hawk and Boeing CH47 Chinook - will remain in front line service
for some decades and potentially until the
2060s for the last aircraft in the fleet, FVL is
the ultimate priority.
The US Army has devoted time and
resources into getting its next generation aircraft right. It has engaged with industry and
pushing forward from the concept of creating
Joint Multi Role Technology Demonstrators
(JMR TD), it has crystalised its view onto two
specific platform types: the Future LongRange Assault Aircraft (FLRAA) and the Future Attack Reconnaissance Aircraft (FARA).
The benefit of this extended development
process, which in no small way required
industry to reach deeply into its own pockets,
has seemingly resulted in a steady focus on
what is fundamentally required, without the
diversions of mission creep that proved so
costly to historical development programmes
such as the Boeing-Sikorsky RAH-66
Comanche.
The major difference this time, said Isaacson, is that the Army’s prototyping regime
has “shown that the core vehicle technology is
enough for the Army to invest in, in ways we
have not done before. Normally we wait until
pre-Milestone C (the point at which production is initiated) to know if the core technology is there.” Milestone A is usually when
technology maturation and risk reduction is
initiated, while Milestone B triggers engineering and manufacturing development.
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Sikorsky-Boeing's vision of a fleet of FLRAA DefiantX
rotorcraft taking an artillery battery forward.

FLRAA
During a conflict against a more capable
enemy than lightly armed fighters typical
of a COIN operation, speed and range of
manoeuvre may well be a critical factor,
perhaps even to take advantage of a breach
in the enemy’s A2AD defences.
“A lot of the Army’s manoeuvre capability is enabled by aviation,” said Colonel
David Phillips, project manager, Program
Executive Office FLARA, recalling how
during Operation Desert Storm in 1991 three
brigades of the 101st Airborne Division
were moved up to 350 miles to block the
Iraqi Republican Guard in 96 hours, one
of the longest and largest air assaults to be
attempted. Philips said that if you could
take that requirement into today’s planning
using FLRAA, it could be done in half the
time at twice the distance.
“Coordination and collaboration is very
important, and you will hear a lot about a
Modular Open Systems Approach (MOSA),
including between the new aircraft and the
existing platforms,” said Philips.
For those who do not know the background to this programme, the downselected flying prototypes for the FLRAA
programme comprise the Sikorsky-Boeing
DefiantX, a compound co-axial rotorcraft,
and the V-280 Valor tiltrotor from Bell. Both
contenders have a history of development
and designs around their particular platform design.
In terms of the status of the programme,
Philips said that the competitive demonstration and risk reduction (CCDR) phase
was executed from last year for a full year
to “better understand the weapons systems

designs and what the requirements should
be for affordability, performance and schedule to 2030.”
“The second phase has brought the engineering down to the subsystem and baseline
level,” he added. The Army is looking at
both designs and how they will continue to
mature through a ‘digital thread’. By using
model based systems engineering,
The FLRAA development timeline
will see a final Request for Proposal (RfP)
being issued in the second half of the year,
a contract award during the summer 2022,
a Milestone B in the fourth quarter of 2023
and a Milestone C decision around late 2027
or 2028. Fielding is still on track for 2030.
However, a virtual prototype is planned
for 2024 before a physical prototype. “This
will combine a virtual model and a portable
crew station - we can plug it into the air manoeuvre battle lab and the common aviation
brigade integration lab and with that we
can start proving concepts for integration
earlier in the programme earlier than if we
were waiting for the physical aircraft to get
into the training base and to operational
units in 2030,” explained Philips. This will
feed into the development of the physical
aircraft resulting in the objectives of it being, affordable, sustainable and survivable
being met by the time it is fielded. it will also
give guidance regarding the sustainment of
the type chosen in when out on operations
in the field, back in the depot, and when it
needs to be physically repaired.
In terms of the development of MOSA
through the architecture working group,
Philips said that the team had grown from
300-400 people to around 700-800 participants
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- with around 150 people at every meeting.
“Smaller group meetings - component definition sub groups are contributing into the
architecture framework which will eventually go into the RfP. With that, industry
will have the most updated standards and
architecture to build to. This should mean
more mature technologies downstream
allowing us to bring them on ‘at pace’ over
time,” said Philips.
A statement sent to Armada International on behalf of the Sikorsky-Boeing
team behind Defiant X pointed out that
“Defiant X builds on the handling qualities
and transformational capabilities proven in
flight tests by our SB>1 Defiant technology
demonstrator and is already undergoing
testing and evaluation in a digital combat
environment. The result is an adaptable design that delivers transformational speed,
range and unprecedented manoeuvrability.”
It continued: “As we ramp up Competitive Demonstration and Risk Reduction
(CD&RR) we will refine the final set of
weapon system requirements and complete
our preliminary design review. Supporting
this review will be subsystem preliminary
design reviews. The overarching objective
of this phase of the programme is to enable
the successful execution of detailed design
following contract down-select.
Addressing comments made by Philips
earlier, Boeing-Sikorsky will refine its virtual prototype “utilising a digital twin and
digital design techniques” that the organisations are already using. This will help the
Army not only to achieve lower acquisition
“but enable rapid, affordable upgrades to
stay ahead of the evolving threat. We will
continue to sharpen our tools with data
from flight test, our powered system test
bed, end-to-end Systems Integration Lab
(SIL), Sikorsky S-97 RAIDER flight test, and
other risk reduction activities.”
The statement reveals that aircraft
maintainers will “perform procedures at
scale in virtual reality labs, sharing their
perspective with designers on everything
from ease of access, to ergonomics, to …the
removal of parts for servicing.”
Bell too, is prepared to meet the Army’s
RfP which it expects from this summer. In
a statement released as this issue went to
press, Bell stated that the 280 Valor “builds
on the exemplary flight-test results and
programmatic execution during the Joint
Multi-Role Technology Demonstrator (JMR
TD) program and Competitive Demonstration and Risk Reduction (CD&RR).

The statement revealed that the “V-280
Valor [had] marked the completion of its
three-year flight-test program with a series
of demonstrations to highlight its revolutionary performance during more than 214
hours of flight.”
The company added that its V-280 had
“completed all planned Key Performance
Parameters including low-speed agility,
long-range cruise, 305 knot high-speed
flights, and rapid mission systems integration” throughout the test.
The Army’s involvement had included
five Army test pilots who were able to fly the
V-280 over 15 sorties. The company also held
a ‘Soldier Touchpoint’ event where pilots,
mechanics had a chance to discuss their
own requirements from the future FLRAA.
According to long-time expert on tiltrotor technology for Bell, Keith Flail, executive vice president, Advanced Vertical Lift
Systems, commented: “We assessed several
vertical lift technologies and determined
the tiltrotor to be the only solution to the
agility, range, and speed requirements of a
long-range assault aircraft that can meet
the cost, timeline, and risk profile required
for a successful acquisition program.”
Bell will continue with CD&RR Phase II

Bell
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which should result in “preliminary designs
for major subsystems and the conceptual
weapons system, based on data-proven
performance that ensures transformational
capabilities will be delivered in line with the
Army’s schedule.”
FARA
The contenders for the Future Attack Reconnaissance Aircraft (FARA) programme
are once again Lockheed Martin Sikorsky
with Raider X and Bell with its 360 Invictus,
a design based on its civil Bell 525 helicopter.
This is not a tiltrotor.
Colonel Greg Fortier, project manager,
FARA, also speaking at the VFS event in
May, said that FARA was on the same development track as FLRAA with a Milestone
B in 2024 and a target of first unit equipped
in 2030. However, the later starting time for
the FARA programme (in 2019) “was that
they could leverage work already done by
the Cross Functional Team (CFT) and JMR
TD before it.
“We are aware the Army has tried this
three times before [the Boeing–Sikorsky
RAH-66 Comanche, Bell’s Armed Reconnaissance Helicopter ARH-70 Arapaho, and
Armed Aerial Scout - multiple contenders],

The Bell 360 Invictus is being designed to
meet the US Army's FARA requirement
for a platform that will allow the aircraft
commander to operate at long range while
gathering information and delivering kinetic
effects.

and we are doing this so much differently than before,” said Fortier. “We need to
experiment, prototype and demonstrate a
next generation air vehicle as quickly as we
can. We have two roles: get the demonstrators flying by FY23 … and we are just south of
halfway complete which is quite remarkable
when you think contract was only awarded
in FY19.”
“Not having the luxury of a competitive
demonstration and risk reduction phase,
we are somewhat overlapping them,” said
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Fortier. For the last 21 months the FARA
team has been understanding the designs
and their technical maturity, as well as
understanding what adjustments need to
be made towards the next iteration. This
will feed into a draught RfP then full RfP to
industry asking for flight data and weapons
systems designs.
The rapid pace of the programme means
that prototypes need to fly in FY23 to get
into an EMD [engineering & manufacturing
development] phase as quickly as possible
to deliver in 2030. “We have a two year window to conclude the risk reduction activities
outside of a formal competitive demonstration, but using events such as Project
Convergence 20 and 21 (an ongoing campaign of learning that brings together new
and developing technologies from across
the Army) and also the specifically aviation focused EDGE 21 event (Experimental
Demonstration Gateway Exercise) which
was held at the Dugway Proving Ground,
Utah. “We have been intertwined with the
CFT, S&T partners to really understand the
analysis and update the facts and assumptions. “We finished run-ups in March/April
to get the A-CCD (Abbreviated - Capabilities Development Document) through
the AROC (Army Requirements Oversight
Committee) - validates the designs of the
two proposed contenders - and got positive
feedback,” said Fortier.
There is much to understand from industry which is mainly conducted through
Requests for Information (RfIs): where

Sikorsky
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The S-97 Raider has been solely funded by Sikorsky and will lead into the Raider X which will
compete for the FARA programme.

the schedules and affordability points are.
“Our main focus now is getting an Improved
Turbine Engine mature enough to get into
our prototypes; getting a gun fired on the
ground and surrogate platforms, and test
our modular effects launcher,” said Fortier.
“The MOSA discussions are now delving
into where the symmetries are and we will
be moving to another AROC next year so we
will know more about the weapons systems
designs and the mission system optimisation - all driving towards the down-select in
FY24,” outlined Fortier.
Some of the requirements for FARA
include a rotor disk no greater than 40 feet

US Army aviators got a firsthand look at what the future
might look like when they examined the Sikorsky's S-97
Raider at Redstone Arsenal.
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(12.1 metres) and max gross weight no more
than 14,000lb (6,350kg). “We need range, endurance then endurance at range,” added
Fortier. “We are driving industry to get the
empty weight down as low as possible - we
all know the lightest is will ever be is the
first version.”
The roadmap ahead is that the ITEP
engine is going through testing including
software and hardware development with
the first engine to test scheduled in the
first quarter of 2022. After that engines will
be sent to the industry teams for integration into their prototype. The schedule
for first flight is in 2023. The weapons
launched is being prototyped while the
gun is undergoing reliability testing and
will then go on to environmental testing
and surrogate shooting at the next Project
Convergence.
Lockheed Martin/Sikorsky says that it
is continuing to build the RaiderX on the
lessons learned from the S-97 Raider (its
original concept for the Army’s aviation
reconnaissance platform to replace the
OH-58D Kiowa Warrior).
“Leveraging data from Raider’s flights
has allowed our team to get ahead of schedule on our software builds while lowering
cost and risk. Raider X has completed its
detailed design phase and is currently in
final assembly. There are over 200 parts
being fabricated in Sikorsky’s state-of-theart, digital production facility leveraging
the approximately $600 million of capital
investment the company has made over
the past five years,” read the statement
provided to Armada.
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General Atomics, Northrop Grumman and Lockheed Martin won a
DARPA contract to design an armed air-launched UAV called LongShot.

LOYAL WINGMEN AND
SWARMS
The concept of an unmanned loyal wingman is being turned into reality and a variety of countries
are investing in swarming development too.

T

he concept of a ‘loyal wingman’
unmanned fighter aircraft
is to fly alongside or slightly
ahead of a manned military
combat aircraft and to work in
conjunction with that aircraft to undertake
various tasks, such as surveillance ,
electronic warfare, laser guiding weapons
onto targets, or even to carry out air-to-air
or air-to-ground strikes.
General Atomics, Northrop Grumman
and Lockheed Martin have won a $22
million contract from the US Defense
Advanced Research Projects Agency
(DARPA) to design an air-launched
unmanned aerial vehicle (UAV) called
LongShot, that will be able to fire multiple
advanced air-launched weapons. The
UAV could be launched either from an
external hardpoint on a fighter aircraft or
the internal bay on a bomber and released
before reaching the battleground, to open

David Oliver
the way and engage with the first enemy
targets, thereby protecting higher valued
manned aircraft. DARPA announced it
wanted to explore multi-modal propulsion
systems, to allow the UAV to reach a greater
range, using slower and more fuel-efficient
engines while retaining a capacity to
quickly strike, using another propulsion
system.
In later phases of the programme, the
LongShot team will construct and fly a
full-scale air-launched demonstration
system capable of controlled flight, before,
during, and after weapon ejection under
operational conditions. Both the US Air
Force and US Navy could be potential future
customers for the small Loyal Wingman
system.
Last year General Nick Carter Chief of
Defence Staff in the UK armed forces spoke
at a virtual IISS event about the future of
Royal Air Force (RAF) tactical formations
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and declared that by 2030, it could be
composed of two manned fighter aircraft,
10 Mosquito unmanned fighter aircraft and
100 Alvino unmanned aerial vehicles. Air
Chief Marshal Mike Wigston, Chief of the
Air Staff said: “We’re taking a revolutionary
approach, looking at a game-changing mix
of swarming drones and unmanned fighter
aircraft like Mosquito, alongside piloted
fighters like Tempest, that will transform
the combat battlespace in a way not seen
since the advent of the jet age.”
Spirit AeroSystems based in Belfast,
Northern Ireland, has been selected to lead
Team Mosquito which includes Grumman
UK and Intrepid Minds in the next phase
of the project. Utilising ground-breaking
engineering techniques, the team will
further develop the RAF’s Lightweight
Affordable Novel Combat Aircraft (LANCA)
concept, with a full-scale vehicle flight-test
programme expected by the end of 2023.

uav introduction
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Team Mosqiuto is developing the Royal Air Force’s first
Loyal Wingman unmanned fighter aircraft.

SWARMING IS BUZZING
Following two earlier phases of the UK’s
Alvina programme, a $2.8 million (£2.5
million) contract for Phase 3 was awarded
in January 2019 for an Integrated Concept
Evaluation activity to explore the technical
feasibility and military utility of a swarm
of UAVs operating collaboratively. This was
awarded to an industry team led by Blue
Bear Systems Research including Airbus,
DTS, IQHQ, Plextek and Durham University
to develop a system to allow very complex
low-cost autonomous swarm-based
missions to be performed simultaneously
against single or multiple targets. The
project will deploy next generation
autonomy, machine learning, and artificial
intelligence (AI) to reduce the number of
operators required, the time it takes to
train them, and the cognitive burden on
any operator during active operations. On
1 April 2020, No 216 Squadron reformed at
RAF Waddington, tasked with the testing
of future UAV swarming technology and
to take on the operating role of the fleet of
network-enabled swarming UAVs.
At the end of 2020 a swarm of 20 small
fixed-wing UAVs including Blue Bear’s
iStart and Redkite completed the largest
collaborative, military focused evaluation
of swarming UAVs in the UK. The exercise
was part of the Alvina programme and the
culmination of the DSTL’s ‘Many Drones
Make Light Work’ competition, funded
under the UK Science and Technology
Portfolio through the Defence and

Security Accelerator.
The swarm consisted of five different
types and sizes of fixed wing UAVs, with
different operational capabilities, together
with six different payload types, flying
representative tasks at RAF Spadeadam,
located in Cumbria, the only electronic
warfare tactics facility in Europe where
aircrews can practise manoeuvres and
tactics against a variety of threats and
targets that they face in contemporary
warfare. Three operators in Blue Bear’s
Mobile Command and Control System
managed the entire swarm while
simultaneously handling different,
collaborative payload analysis tasks.
They flew simultaneous Beyond Visual
Line Of Sight (BVLOS) cooperative tasks,
with Blue Bear collaborative autonomy
ensuring they all contributed to overall
mission goals. During the two week trial,
more than 220 sorties were undertaken.
In March 2021 US conglomerate KBR
received a contract from the UK MoD to
deliver nano-UAS to support technological
experimentations, informing the British
Army and the Future Capability Group

Blue Bear

The UK Ministry of Defence (MoD) Defence
Science and Technology Laboratory (Dstl)
provides the project management and is
the MoD’s technical authority for the $42
million (£30 million) Project Mosquito on
behalf of the RAF Rapid Capabilities Office.

(FCG) at Defence Equipment & Support
(DE&S) on how UAS technology can benefit
defence. Focused on expanding its solutions
integration capabilities and collaborative
relationships with UK and global subject
matter experts, KBR is working with UKbased Evolve Dynamics, an engineering
company specialising in UAS, to ensure
timely delivery of systems for use by
Ministry of Defence (MoD) personnel in the
UK and overseas, and across a wide range of
environments.
France’s national defence procurement
agency Direction Générale de l’Armement
(DGA) has selected Parrot UAS to supply
the country’s armed forces with its ANAFI
USA micro-UAS developed in France and
produced in the United States. The DGA
announced that the French company Parrot
has been awarded a five year contract
to manufacture 150 UAS and 300 related
small drones for the French Armed Forces
beginning in 2021. The 500-gram ANAFI
USA has a flight duration of 32 minutes, and
is capable of day and night observation and
features two 21-megapixel cameras that can
detect ‘person-sized’ targets at distances of
up to two kilometres (1.2 miles).
Parrot UAS is already a supplier to the
Swiss Armed forces under its Mini-UAV
programme, and the US Army under its
Blue sUAS programme which is a spin-off
of the Short-Range Reconnaissance (SRR)
programme launched by the Army and
Defense Innovation Unit (DIU) in April
2019. The Blue sUAS drone development
was organised in response to increased
government-wide demand for secure and
ultraportable UAVs that could be used for a
variety of military applications.
Earlier this year the French UAS
manufacturer launched its swarm concept
that would transform military operations

Blue Bear’s Mobile Command and Control System managed the largest military
focused evaluation of swarming uncrewed aerial vehicles in the UK.
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by responding to emergency situations
through the use of swarms of up to 50
autonomous UAVs. Icarus claimed that
the use of its small commercial quadrotor
UAVs makes the technology particularly
affordable and could therefore be replicated
and used in large numbers.
The Spanish company Escribano
Mechanical & Engineering (EME) was
awarded a contract from the Directorate
General of Armament and Material
(DGAM) of the Spanish Ministry of Defence
in January 2021 for the development of an
autonomous, and multi-platform swarm
system for Intelligence, Surveillance,
Target Acquisition, and Reconnaissance
(ISTAR) missions as part of Phase II of the
Spanish RAPAZ programme with the aim
of evaluating Class 1 UAS with a maximum
take-off weight of less than 150kg (330lb) for
future acquisitions by the Armed Forces.
The contract involves the development
of software for an experimental swarm
system of autonomous UAVs to carry out
different types of experimental missions,
mainly ISTAR, SAR and loitering for targets
of opportunity. The UAVs could be launched

from the Army’ future combat vehicles,
from which they would operate in a range
of 5-10km (3-6 miles) and could incorporate
loitering or attack capabilities against
ground targets.
Equipped with EME’s cutting-edge
artificial intelligence, Long Range
Intelligent Security System (LISS), it is the
only drone swarm system that provides
individual and group intelligence for the
development of missions autonomously.
The swarm is operated by a single operator
and its behaviour will be autonomous and
can be adapted to the events of the mission.
It has a very high level of intelligence, for
example if a drone is damaged, the rest
of the swarm immediately reorganises
themselves to carry out the mission as
planned taking over its tasks.
Further afield, South Africa’s
Paramount Advanced Technologies (PAT)
has launched a long-range, precision
strike UAV system, N-Raven featuring
next generation swarm technologies to
accomplish attack missions with pinpoint
precision. The N-Raven addresses a
multitude of mission requirements,

including future warfighter engagements
where intelligent ‘swarming technologies’
combined with multiple munition loitering
and attack operations have been proven to
ensure mission survivability.
The 41kg (90lb) N-Raven operates
with a covert, low signature in contested
environments offering a cruise speed of
approximately 97 knots (180km/hr) and a
loitering endurance time of approximately
two hours. N-Raven swarm loitering
munitions offer a variety of sensors with each
being capable of carrying a 10-15kg (22-33lb)
payload up to a range of 250km (155 miles).
It is designed to saturate a battlespace with
EO/IR, semi-active laser sensor-driven target
identification and tracking technologies.
Once the technologies are refined, the
advantages of de-centralised approaches
will allow UAV swarms to spread out to
search a wide area, or de-conflict to ensure
they do not all attack the same target.
It is anticipated that many more countries
will opt to adopt swarming technologies for
their armed forces rather than the much
ฅmore expensive and challenging Loyal
Wingman fleets.
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adcom

AERONAUTICS

United 40

Span: 17.53m
Maximum take-off weight: 1,000kg
Speed: 108kt
Endurance: 25h
Ceiling: 26,000ft
Payload: 100kg. Retractable EO/ir sensor
Powerplant: Twin hybrid turbine-electric engines
Launch/recovery: conv/conv
Remarks: UAE manufactured MALE sold to Algeria.

Orbiter 4

Span: 5.4m								
Maximum take-off weight: 50kg
Range: Line of sight up to 150km comms range
Speed: 70kts
Endurance: up to 24hrAltitude: 18,000ft
Payload capacity: 12kg.
Stabilised pod with day, night (cooled IR) sensors, laser designator,
COMINT, ELINT, VISINT, photogrammetric mapping (HDLite),
synthetic aperture radar, maritime patrol radar, LiDAR, Automatic
Identification System
Powerplant: Spark ignition multi-fuel engine
Launch/Recovery: Catapult and compact, foldable net
Remarks: Designed for shipboard and land-based applications
including ISTAR, fire control electronic warfare, comms relay & ship
self-defence.

Aerostar

Dominator XP

AEROVIRONMENT

Puma 3AE
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Length: 4.5m										Span: 8.7m
Maximum take-off weight: 230kg					 Range: 250km
Speed: 110kts max									Endurance: 12hrs
Payload capacity: 50kg. Options include stabilised EO/IR sensors, laser
designation, synthetic aperture radars with ground moving target
indication, ELINT and COMINT systems. Customers include: Israel,
General Dynamics, CIS, the Netherlands & Poland.
Powerplant: Zanzottera 498i fuel injected 2-str twin, 38 hp
Launch/Recovery: conv/conv
Remarks: Tactical UAS with over 250,000 operational flight hours
logged.

Length: 8.6m										Span: 13.5m
Maximum take-off weight: 1,910kg
Range: LOS 300km, BLOS satcom unlimited 		 Speed: 150kts
Endurance: > 20hrs								Altitude: > 18,000ft
Payload capacity: 373kg. Options include EO/IR and hyper-spectral
sensors with laser pointer and designator, maritime radar, SAR\GMTI
radars, communications relays, COMINT, ELINT, MAD etc.
Powerplant: 2 x 170hp Austro AE300 jet fuel piston engines
Launch/Recovery: conv/conv
Remarks: Operators include Mexico & Turkey. Operational in GPSdenied environments.

Length: 1.4m												Span: 2.8m
Maximum take-off weight: 6.8kg
Range: 20km or 60km with long range comms antenna Speed: 25-45kts
Endurance: 2.5hrs with an LE battery Altitude: 300-500ft AGL
Payload capacity: > 0.85kg. Mantis i45 Gimbaled payload with dual
15mp EO cameras, 50xf zoom, IR camera and low light camera for night
operations, and high-power illuminator
Poweplant: battery electric, Launch/recovery: hand or rail/
autonomous or manual deep stall landing Remarks: All-environment
3rd generation Puma mini-UAS with new propulsion system making
hand launch easier, enhanced sensor suite.
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Raven

Switchblade loitering munition

airbus

Harfang

Length: 0.91m												
Span: 1.37m
Maximum take-off weight: 1.9kg			
Range: 10km comms range
Speed: 17-44kts								
Endurance: Up to 1.5hrs.
Altitude: 500ft AGL, 14,000ft MSL launch
Poweplant: battery electric
Payload capacity: 0.17kg. Dual forward and side-looking EO or IR
camera nose with electronic pan-tilt-zoom & stabilisation.
Launch/recovery: hand/deep stall landing
Remarks: Most are operated by the US, but foreign customers have
included Australia, Estonia, Italy, Denmark, Spain and the Czech
Republic.

Length: <0.6m estimate							Span: <0.9m estimate
Maximum take-off weight: < 2.5 kg				 Range: 10 km
Endurance: 15 min									
Speed: 55 to 85 kts
Altitude: < 500ft AGL, > 15,000ft MSL
Payloads: Dual front and side look EO cameras and IR nose camera.
Stabilised electronic pan-tilt-zoom, Orbital ATK advanced munition
warhead.
Powerplant: battery electric
Launch/recovery: tube/NA
Remarks: US Army and USMC are the primary users. Ordered by the UK.

Length: 9.3m 										Span: 16.6m
Maximum take-off weight: 1,250kg				 Range: 1,000km
Speed: 110kts
Endurance: 12hr at 550nm from base				 Altitude: 25,000ft
Payload capacity: 250kg. Synthetic aperture radar with 1 m resolution,
Wide-Area Surveillance (WAS) & spot modes, EO/IR turret also with
WAS & spot modes, NATO-STANAG-3875-compliant laser designator,
panoramic pilot assistance camera.
Powerplant: 115 hp turbocharged Rotax 914 piston engine
Launch/recovery: conv/conv
Remarks: Retired French systems acquired by Royal Moroccan Air Force.

KZO

Length: 2.25m								Span: 3.42m
Maximum take-off weight: 161kg			 Range: > 140km (on data link)
Speed: 118.8kts								Endurance: 5.5hrs
Altitude: 11,500ft
Payload capacity: 35kg. Thermal imager system (8–12 μm or 3–5 μm), 3 x
fixed-focus TV cameras (6 FoV), all 3-axis stabilised. Principal operator
is the German Army.
Powerplant: 24kW 2-str engine
Launch/recovery: rato, cat/para
Remarks: Tactical UAS optimised for high speed reconnaissance
missions.

VSR700

Length: 6.2m									Span: 7.2m rotor diameter
Maximum take-off weight: 700kg 				 Speed: 100kts
Endurance: 8hrs with full tactical payload 80nm from shipAltitude:
19,600ft
Payload capacity: 100kg. Naval-grade EO system, naval tactical radar,
AIS, deck finder autoland system.
Powerplant: 155hp diesel and jet fuel engine
Launch/recovery: Automated VTOL
Remarks: Shipborne unmanned helicopter designed to operate
alongside other shipborne naval assets.Second prototype ordered in
March 2021.
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ARCTURUS

Zephyr T

Length: 6m estimate						
Span: > 32m
Maximum take-off weight: 140kg
		
Range: > 18,500km estimate
Speed: approx 30kts						
Endurance: > 45 days
Altitude: > 65,000ft Payload capacity: 20kg. RADAR, LIDAR, ESM/
ELINT, Broadband Comms
Powerplant: solar powered electric motors
Launch/recovery: conv/conv
Remarks: Larger variant of Zephyr with greater payload & endurance.

Jump 20

Length: 5.64m									Span: 2.87mฅ
Maximum take-off weight: 95.25kg			 Range: 125km
Speed: 72kts						
			 Endurance: nine to 16hrs
Altitude: 15,000ft
Payload capacity: 27.2kg inc fuel. Cloud Cap Technologies 200 and 400
Series EO/IR are standard options. 3-D mapping, SAR, LIDAR, comms
relay, COMINT, SIGINT systems available.
Poweplant: 1 x 190cc 4-str engine & 4 x electric motors, props for VTOL
Launch/recovery: VTOL, cat launch option
Remarks: Arcturus aircraft family are operated by US SOCOM under
the Mid-Endurance Unmanned Aircraft Systems III contract. Jump 15
is smaller variant.

BEIHANG UAS TECHNOLOGY COMPANY

BZK-005
TYW-1

BLUEBIRD AERO SYSTEMS

WanderB VTOL
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Length: 10m									Span: 18m
Maximum take-off weight: 1,250kg
Range: 6,000km (estimate from cruise speed & endurance)
Endurance: 40hrs
Speed: 150 to 180kph cruise
Altitude: 26,200ft
Payload Capacity: 150kg
Payloads: Electro-optical sensor system under fuselage
Powerplant: Single piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: MALE-class reconnaissance UAV in service with the PLA air,
land, and naval services
Length: 9.8m
Span: 18m
Maximum take-off weight: 1,500kg
Range: 6,000km (estimate from cruise speed & endurance)
Endurance: 40hrs
Speed: 200kph max level speed
Altitude: 24,600ft
Payload Capacity: 300kg
Powerplant: Single piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: MALE-class armed UAV in development, export derivative of
the BZK-005
Length: 1.79m							Span: 3.1m
Maximum take-off weight: 13kg		 Communication range: 50-80km
Speed: 65kts							Endurance: 2.5hours
Best Operational Altitude: up to 3,281ft AGL Ceiling: 22,000ft ASL
Payload: 1.35kg. Day and IR stabilised cameras, photogrammetric,
multi-spectral or radiometric mapping cameras for airborne ISR or
Mapping on Demand.
Poweplant: Four battery driven VTOL electric motors and one electric
pusher motor for level flight
Launch/recovery: VTOL
Remarks: Mini UAS optimised to facilitate covert, over-the-hill
operations or extensive, day-and-night ISR.
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ThunderB

BOEING

MQ-25 Stingray

Length: 1.9m 								Span: 4m
Maximum take-off weight: 32kg			 Communication range: 150km
Speed: 32-72ktsEndurance: Up to 24hrs in standard configuration, up to
12hrs in cargo release configuration, up to 15hrs on station 150km from
its ground control position carrying T-STAMP		 Ceiling: 16,000ft
Payload: up to 4kg nose mounted with full fuel and additional payload
under the wings, examples include Controp T-STAMP triple sensor
(CCD/cooled IR/laser)
Powerplant: Advanced two stroke engine with electronic fuel injection
Launch/recovery: auto cat/para airbag, VTOL version available
Remarks: Operational in Israel and by international Defence and HLS
customers. Continues mission in GPS denied environment
Length: 16m
Span: 23m
Range: 500nm
Ceiling: 26,000ft
Payload: 6,800kg of fuel
Powerplant: Rolls-Royce AE 3007N tubofan
Launch/recovery: conv/conv
Remarks: Winner of the US Navy Carrier-Based Aerial-Refueling
System (CBARS) program.
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BOEING INSITU

ScanEagle 3

Length: 2.3-2.5 m										Span: 4m
Maximum take-off weight: 36.3kg
Range: 720nm (estimate based on cruise speed & endurance)
Speed: 40-50kts cruise, 80kts max						 Endurance: 18hrs
Altitude: 20,000ft
Payload capacity: 9.1kg. Turret houses EO, EO900 (EO camera and EO
telescope), MWIR, Dual Image EO and MWIR), 170W onboard power
Powerplant: 1 x 2-str heavy fuel piston engine burning JP-5/JP8Launch/recovery: cat/SkyHook vertical wire
Remarks: ScanEagle 3’s design doubles the aircraft’s payload capacity
and is compatible with existing ScanEagle payloads.

Blackjack

Length: 2.5m							Span: 4.9m
Maximum take-off weight: 61kg
Range: 960 nm (estimate based on
endurance & cruise speed)			 Speed: > 90kts max, 60kts cruise
Endurance: > 16hrs						Altitude: > 20,000ft
Payload capacity: 17.7kg. EO imager with 1.1°–25° optical field of view &
4x digital zoom, mid-wave infrared imager with 2°–25° field of view,
laser rangefinder, IR marker. Communications relay and AIS also integrated.
Powerplant: 8 HP reciprocating engine with EFI, burning JP-5, JP-8
heavy fuels
Launch/recovery: cat/SkyHook vertical wire
Remarks: Developed for a US Navy requirement for a small tactical
unmanned aircraft system capable of operating from land and sea.

Integrator

Length: 2.5m											Span: 4.8m
Maximum take-off weight: 61.2kg						Range: 100km
Speed:> 90kts max, 55kts cruise						
Endurance: > 24 hr
Altitude: 19,500ft
Payload capacity: 18kg. Baseline package includes EO imager, mid-wave
infrared imager, IR marker, laser rangefinder
Powerplant: 2-str heavy fuel piston engine burning JP-5/JP-8
Launch/recovery: cat/SkyHook vertical wire
Remarks: Designed as a modular & flexible multi-mission UAV for land
and maritime operations.

AVIATION INDUSTRY CORPORATION OF CHINA (AVIC)

Wing Loong I
Wing Loong II
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Length: 9.05m							Span: 14m
Maximum take-off weight: 1,100kg Range: 4,000km
Endurance: 20 hrs						Speed: 150kts
Altitude: 16,000ft
Payload capacity: 200kg on pylons, 100kg for sensors. Reportedly
capable of launching guided bombs including the FT-10, FT-9, FT7, GB-7 and GB-4, and the BRM1 and AKD-10 guided missiles. In
service with China and export customers inc Saudi Arabia and Egypt.
Powerplant: 1 x 100 hp Rotax 914 turbocharged piston engine, pusher
propeller 								Launch/recovery: conventional
Remarks: MALE-class armed reconnaissance UAV in service with
the armed forces of China, Egypt, Kazhakstan, Saudi Arabia, Serbia,
Turkmenistan, and United Arab Emirates
Length: 11m							Span: 20.5m
Maximum take-off weight: 4,200kg
Range: 4,500nm (estimate based on 140kts cruise & endurance)
Endurance: 32hrs
Speed: 200kts max, 81kts minAltitude: 32,500ft
Payload capacity: 480kg on external stores. Reportedly capable of
launching guided bombs including the FT-10, FT-9, FT-7, GB-7 and GB4, and the BRM1, AKD-10 and BA-7 guided missiles.
Powerplant: turbocharged piston engine
Launch/recovery: conventional
Remarks: MALE-class armed reconnaissance UAV in service with the
armed forces of China, Egypt, Nigeria, Saudi Arabia, and United Arab
Emirates
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Yunying

Xianglong

Length: 9m
Span: 17.8m
Maximum take-off weight: 3,200kg
Range: N/A
Endurance: 6hrs
Speed: 335kt (ISR), 300kt (strike)
Altitude: 49,000ft (ISR), 46,000ft (strike)
Payload capacity: 200kg (ISR), 400kg (strike)
Powerplant: Single WP-11C turbojet engine
Launch/recovery: Conventional
Remarks: MALE-class armed reconnaissance UAV in development
for domestic and export customers
Length: 14.3m 							Span: 25m
Maximum take-off weight: 10,000-12,000kg (estimate)
Range: 7,000km (estimate)
Endurance: 10hrs (estimate)
Speed: 405kts cruise
Altitude: 59,000ft
Payload Capacity: 650kg (estimate)
Powerplant: Single 43.1kN thrust WP-13 turbojet engine
Launch/recovery: Conventional
Remarks: HALE-class reconnaissance UAV broadly comparable
with US Global Hawk, in service with the PLAAF

Cai Hong 4

Length: 8.5m 							Span: 18m
Maximum take-off weight: 1,330kg Range: 3,500km
Endurance: 40hrs 						 Speed: 127kts max, 97kts cruise
Altitude: 23,600ft
Payload capacity: 345kg. Compatible armaments include AR-1, AR-1B,
AR-2 air-to-surface anti-armour missiles, CS/BBE2 high-explosive
bomb, and LS-6-50 small-diameter bomb, and FT-series precision bombs.
Powerplant: 100hp piston engine, pusher propeller
Launch/recovery: ConventionalRemarks: MALE-class armed
reconnaissance UAV in service with the armed forces of Algeria, Egypt,
Indonesia, Nigeria, Saudi Arabia

Cai Hong 5

Length: 11.3m 							Span: 21m
Maximum take-off weight: 3,300kg Range: 6,000km
Endurance: 40+hrs 					 Speed: 157kts max, 97kts cruise
Altitude: 23,600+ft
Payload capacity: 1,200 kg (200 kg internal, 1,000kg external). Compatible
armaments include AR-1, AR-1B, AR-2 air-to-surface anti-armour
missiles, CS/BBE2 high-explosive bomb, and LS-6-50 small-diameter
bomb, FT-series precision bombs, undisclosed 100 kg-class laser guided bombs.
Powerplant: 300hp piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: MALE-class armed reconnaissance UAV for domestic and
export customers.

CHINA AEROSPACE SCIENCE AND TECHNOLOGY CORPORATION (CASC)

Cai Hong 7

Length: 10m 							
Span: 22m
Maximum take-off weight: 13,000kg
Endurance: 10+hrs
Speed: 500kts max, 400kts cruise
Altitude: 42,650ft
Powerplant: Single turbofan engine
Launch/recovery: Conventional
Remarks: HALE-class low-observable unmanned combat aerial vehicle
in development
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DENEL DYNAMICS

elbit

Seeker 400

Hermes 450

Hermes ต900

Hermes 900 Starliner

EMT PENZBURG

Luna NG
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Length: 5.77m									Span: 10m
Maximum take-off weight: 450kg				 Range: 250km
Speed: 81kts									Endurance: 16hrs
Altitude: 18,000ft
Payload: 100kg. S400 can carry dual imaging EO/IR payloads with
gimbal diameters of up to 530mn with day TV, thermal imaging, colour/
monochrome spotter camera, night spotter camera. Laser illuminator
and LRF, electronic intelligence payload.
Powerplant: 1 x 85hp two-cylinder, air-cooled 4-str engine
Launch/recovery: conv/conv
Remarks: Seeker 400 is an evolution of the battle-proven Seeker II UAS.
Operational in Algeria.
Length: 5.7m									Span: 10.5m
Maximum take-off weight: 550kg				 Range: 250km
Speed: 95kts									Endurance: 17hrs
Altitude: 18,000ft
Payload capacity: 180kg. Options include EO/IR, SAR/GMTI &
maritime patrol radars plus AIS, ELINT, EW, COMINT, COMJAM.
Forms the basis of the UK/Thales WK450 Watchkeeper system.
Powerplant: 1 x 52 hp UAV Engines R802/902 rotary
Launch/recovery: conv/conv
Remarks: Multi-role, high-performance tactical UAS operational
worldwide.
Length: 8.3m									Span: 15m
Maximum take-off weight: 1,180kg			 Range: 2,500km estimate
Speed: 119kts max, 60kts cruise				 Endurance: 30-36hrs
Altitude: 30,000ft
Payload capacity: 350kg. Options include Leonardo Gabianno T-200
maritime & SAR/GMTI radar, AIS, Elbit D-CoMPASS EO/IR/Laser
turret, AES 210 V – ESM/ELINT, Skyfix / Skyjam – COMINT/DF &
optional COMJAM system and a communications relay. Users include
the Israeli Air Force, with exports to Brazil and other Latin American countries.
Powerplant: 1 × 115hp Rotax 914 4-str engine
Launch/recovery: conv/conv
Remarks: Next-generation MALE UAS equipped with a variety of highperformance sensors to detect ground or maritime targets over a wide
spectral range.
Length: 8.8m								Span: 17m
Maximum take-off weight: 1,600kg		 Range: 2,500km estimate
Speed: 119kts max, 60kts cruise			 Endurance: 36hrs
Altitude: 30,000ft							Payload: 450kg
Options include Leonardo Gabianno T-200 maritime & SAR/GMTI
radar, AIS, Elbit D-CoMPASS EO/IR/Laser turret, AES 210 V – ESM/
ELINT, Skyfix / Skyjam – COMINT/DF & optional COMJAM system
and a communications relay. Users include Switzerland reported.
Designed to comply with civilian airspace regulations.
Powerplant: 1 × 115hp Rotax 914 4-str engine
Launch/recovery: conv/convRemarks: Next-generation MALE UAS
qualified for flight in and transit through civilian air space.
Length: 3.0m								Span: 5.3m
Maximum take-off weight: 110kg			 Range: > 100km data
linkEndurance: > 12hrs					Speed: 48.5kts
Altitude: > 16,400ft
Payload: Tiltable sensor platform with up to 7 colour and IR zoom
video, -hyperspectral, pilot colour video, SAR/GMTI, SIGINTsensors, ESM, CBRN. Optional sensors: Data link relay for BLOS
operations, encryption, GCS hand-off function, transponder.
Powerplant: 1 x 10 kW, fuel-injected multi-fuel engine
Launch/recovery: cat/para or net
Remarks: Purchased by the German Army.
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Aladin

ENICS

Eleron-3SV (T-28 air vehicle)
Eleron-10SV (T-10 air vehicle)

FLIR SYSTEMS

Black Hornet PRS/VRS

GENERAL ATOMICS AERONAUTICAL SYSTEMS

Reaper Block 5

Length: 1.57m								Span: 1.46m
Maximum take-off weight: < 4kg			 Range: > 15km
Endurance: > 1hrs							Speed: 21.5-38kts
Altitude: 98ft AGL minimum, 30-90ft typical, 14,700ft density alt max
Payload: Daylight: 4 x colour CCD video cameras: 1 pilot view, 2 x
downward looking, 1 downward looking on left side used in circling
mode, plus high-res forward looking zoom camera, 2 x daylight video
cameras. Night: 1 x IR video, 1 x colour video CCD camera
Powerplant: battery & electric motor driving tractor propeller
Launch/recovery: hand or cat/auto
Remarks: High performance mini UAV in operational service with
several NATO countries.
Length: 0.6m										Span: 1.47m
Maximum take-off weight: 5.5kg
Range: 25km with comms link, 50km off line		 Endurance: 1hr 40min
Speed: 30-70kts									Altitude: 16,400ft
Payload: Option 1: 3-axis stabilised turret with a 10x optical
magnification-enabled video camera and digital photo camera with
minimum 10.2mpix resolution. Option 2: Stabilised turret with 10x
thermal imaging and video camera. Digital camera with minimum
10.2Mp resolution.
Powerplant: battery & 1 x electric motor driving pusher propeller
Launch/recovery: cat/para
Remarks: Designed for round-the-clock aerial electro-optical
surveillance. Can be supplied with Russian “Acceptance 5” quality
standard certification.
Length: 87cm										Span: 220cm
Maximum take-off weight: 12kg					 Range: Up to 30km
Endurance: 2hrs 30min							Speed: 30-70kts
Ceiling: 13,100ft
Payload: Option 1: 3-axis stabilised turret with a 36x optical
magnification video camera, plus a 10mpix digital camera. Option 2:
3-axis stabilised turret with an uncooled thermal imager and a video
camera, plus a 10mpix digital camera, drop containers optional
Powerplant: battery & electric motor driving pusher propeller
Launch/recovery: cat/para
Remarks: Larger member of Eleron range. Used by Russian Ground
Forces for local ISR.
Length: 12cm									Rotor diameter: 12cm
Maximum take-off weight: < 33g				 Range: 2km
Endurance: 25min								Speed: 12kts
Altitude: > rooftop
Payload: Day: 2 x EO cameras, 1 video, 1 high-res snapshot. Night: fused
thermal and EO.
Powerplant: battery & electric motor driving two-blade main and tail rotors
Launch/recovery: VTOL
Remarks: Personal/vehicle reconnaissance system. Vehicle launch unit
mounts externally and fully integrates within vehicle.
Length: 11m									Span: 20m
Maximum take-off weight: 4,763kg			 Range: LOS/global
Endurance: 27hrs								Speed: 240kts max
Altitude: 50,000ft MSL
Payload Capacity: 1,701kg (386kg internal, 1,361kg external, not simultaneous)
Payloads: MTS-B EO/IR, Lynx multi-mode radar, maritime radar,
SIGINT/ESM system, Automatic Identification System (AIS), comms
relay, dual ARC-210 UHF/VHF radios, other customer specific payloads.
Weapons: Hellfire missiles, GBU-12, GBU-38, GBU-49 smart bombs
Powerplant: Honeywell TPE331-10 turboprop 3-blade propeller
Launch/recovery: conv/conv
Remarks: Operated by: USAF, US Homeland Security, Australia,
France, Italy, Netherlands, Spain, UK to be replaced by Protector RG
Mk1.Ordered by India.
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Gray Eagle Extended Range

SkyGuardian

Ababil-3

hesa

Shahed-129
IAI

Heron Mk2
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Length: 9m								
Span: 17m
Maximum take-off weight: 1,905kg		
Range: LOS/global (comms)
Endurance: 42hrs							
Speed: 167kts
Altitude: 29,000ft
Payload Capacity: 261kg internal, 227kg external. EO/IR, SAR/GMTI
radar, communications relay.
Powerplant: HFE-180 HP heavy-fuel engine
Launch/recovery: conv/conv
Remarks: Open, modular architecture supports integration of three
payloads simultaneously, with capacity for growth.
Length: 11.7m 										
Span: 24m
Maximum take-off weight: 5,670kg				
Range: LOS/global
Endurance: 40hrs									
Speed: 210kts
Altitude: 40,000+ft
Payload Capacity: 363kg internal, 1814kg external. Raytheon MTS-B
EO/IR, GA-ASI Lynx multi-mode radar, VHF/UHF certified radios
Powerplant: Honeywell TPE331-10 turboprop driving pusher propeller
Launch/recovery: conv/conv
Remarks: Selected by UK as Protector RG Mk1, and Belgium.
Length: 3.5m				
Span: 5m
Maximum take-off weight: 83kg
Speed: 108kt
Endurance: 4h
Ceiling: 16.500ft
Payload : 40kg
Powerplant: 25hp WAE-342 twin-cylinder piston engine
Launch/recovery: conv/conv
Remarks: Iranian tactical UAV.
Length: 8m					
Span: 16m
Speed: 81kt
Endurance: 24h
Ceiling: 24,000ft
Payload : 400kg including Oghab-6 EO/IR sensor
Powerplant: Rotax 914 Twin piston engine.
Launch/recovery: conv/conv
Remarks: Iranian armed MALE. The naval version is called Simorgh.
Length: 8.5m										Span: 16.6m
Maximum take-off weight: 1,350kg				 Range: > 1000km
Endurance: 45hrs 					
Speed: 140kts max, 60-80kts loiter				 Altitude: > 35,000ft
Payload capacity: 470kg
Payloads: New configuration include long-range EO systems and
radars plus a wide range of additional payloads: ELINT/COMINT/ESM,
communication relay, special etc
Powerplant: 1 x 135 HP Rotax 915ls B Certified electronic-controlled fuel
injection engine
Launch/recovery: conventional runway automatic take-off and landing system
Remarks: Updated version of Heron enabling new configurations with
long-range observation sensors and radars.
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Heron ธTP

Searcher Mk III

INDRA

Pelicano

iran aviation industries organisation

Fotros
Yasir

Length: 14m											Span: 26m
Maximum take-off weight: 5,670kg					 Range: BLOS
Endurance: > 30hrs									Speed: 220 kts
Altitude: 45,000ft
Payload: 2,700kg. EO/IR/LRF/LD, synthetic aperture and maritime
patrol radar, ELINT/COMINT, ESM and additional capabilities of
payloads.
Powerplant: 1,200hp Pratt & Whitney Canada PT6 Turboprop driving
pusher propeller
Launch/recovery: conv/conv, automatic takeoff and landing system (ATOL)
Remarks: Turbine-powered MALE UAV with large internal volume for
a variety of payloads, certified to STANAG 4671 and compatible with
NATO standards.
Length: 5.85m											
Span: 8.55m
Maximum take-off weight: 450kg						
Range: 350km
Endurance: 20hrs
Speed: 110kts max, 60-80 kts loiter
Altitude: 21,000ft service ceiling
Payload: 120kg. EO/IR or SAR/GMTI or SIGINT, aerial data relay
Powerplant: Jabiru 4-str "silent" piston engine
Launch/recovery: conv/conv
Remarks: Offers multiple operational configurations, operates in
extreme weather, fully redundant avionics.
Length: 3.4m									Span: 3.3m rotor dia
Maximum take-off weight: 200kg				 Range: 100km
Endurance: 4-6hrs							
Speed: 100kts
Altitude: 11,811ft								
Payload: 30kg
Gyro-Stabilised MMP EO/thermal camera, Automatic Identification
System (AIS)
Powerplant: Heavy fuel engine burning JP5
Launch/recovery: VTOL
Remarks: Maritime unmanned helicopter designed to support
surveillance and law enforcement tasks from a ship or a ground base.
Length: 9m
Span: 21m
Maximum take-off weight: 1,000kg
Speed: 117kt
Endurance: 30h
Ceiling: 45,000ft
Payload : 200kg EO/IR sensor
Launch/recovery: conv/conv
Remarks: The largest Iranian armed MALE UAV.

Length: 1.19m												Span: 3.05m
Maximum take-off weight: 26.5kg
Speed: 65ktA
Endurance: 8h
Ceiling: 15,000ft
Payload:10kg EO/IR sensor
Powerplant: Two-bladed propeller piston engine
Launch/recovery: cat/sky-net
Remarks: Iranian copy of the Insitu Scan Eagle.
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KRONSTADT GROUP

leonardo

Orion-E

Span: 16m							Maximum take-off weight: 1,000kg
Speed: 65kt						Endurance: 24h
Ceiling: 24,600ft
Payload : 200kg including an optoelectronic station with two thermal
imagers, a wide-angle TV camera and a laser rangefinder/target
designator
Launch/recovery: conv/conv
Remarks: First Russian armed MALE UAV, undertook combat
evaluation in Syria.

AWHero

Length: 3.7m							Rotor diamter: 4m
Maximum take-off weight: 200g class		 Endurance: 6hrs with 35kg payload
Speed: 90kts max cruise				 Altitude: 14,000ft service ceiling
Useful load: 85kg (payload + fuel)
Payloads: Options include EO/IR turret, maritime radar, synthetic
aperture radar, ESM, ADS-B, IFF, LiDAR, AIS
Powerplant: Heavy fuel engine burning JP5, JP8, Jet A1
Launch/recovery: Automated TOL
Remarks: Maritime rotorcraft UAS that took part in a successful
maritime surveillance capability demonstration in the European
OCEAN 2020 initiative in the Mediterranean in late 2019.Shortlisted
for Australia’s SEA129-5 Programme.

Falco

Length: 5.25m							Span: 7.2m
Maximum take-off weight: 490kg		 Range: > 200km
Endurance: 8-14hrs					Speed: 117kts
Altitude: > 16,404ft
Payload: 70kg. EO/IR turret with laser designator, SAR/GMTI radar,
multi-mode surveillance radar, AIS, ESM/COMINT, comms relay,
hyperspectral imager.
Delivered to Pakistan Air Force. 5 customers total, including
deployment on behalf of the United Nations (UN) MONUSCO
peacekeeping operations in the Democratic Republic of Congo (DRC).
Powerplant: 65hp gasoline engine
Launch/recovery: conv/conv
Remarks: Medium altitude, medium endurance tactical UAV intended
for surveillance missions.

Falco Xplorer

LOCKHEED MARTIN

Desert Hawk III
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Length: 9m									Span: 18.5m
Maximum take-off weight: 1,300kg
Range: comms range unlimited (satcom)		 Endurance: > 24hrs
Altitude: > 30,000ft service ceiling 			 Payload capacity: 350kg
Payloads: Gabbiano T80UL multimode synthetic aperture radar
mapping, ground moving target indication. EO turret up to 20-in
diameter, visual/IR/laser rangefinder, laser marker and optional laser
designator, ELINT or COMINT suite, AIS
Launch/recovery: conv/conv
Remarks: Large UAV to be offered as both an integrated platform and as
a fully-managed information-superiority service to military and civil
customers, designed for civil certification First flight 15 January 2020.
Span; 1.5m
Maximum take-off weight: 3.72kg
Range:
Endurance: 1.5hrs
Speed: 50kts
Altitude: 11,000ft
Payload: 0.9kg. Includes 360-degree colour EO and IR video camera
systems, plus other interchangeable, snap-on "Plug and Playloads"
Powerplant: battery & electric motor driving tractor propeller
Launch/recovery: hand/conv skid
Remarks: Small UAS that provides day and night support to small unit
ISTAR and related operations.
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luch

NORTHROP GRUMMAN

Stalker XE

Span: 3.66m							Maximum take-off weight: 10.9kg
Range: 370 km (aircraft), 93km comms Endurance: > 8hrs
Speed: 30.4kts cruise, 39kts dash		 Altitude: 12,000ft max launch alt
Payload capacity: 2.5kg. EO/IR with cursor-on-target, integrated
tracker with scene lock moving target tracking, auto-track and follow
navigation
Powerplant: solid oxide propane fuel cell & electric motor driving
tractor propeller
Launch/recovery: cat/conv glide, VTOL option
Remarks: VTOL capability provided by four electric motors driving
vertical propellers mounted in pairs mid-span

RQ-170 Sentinel

Length: 4.5m
Span: 19.99m
Maximum take-off weight: 3,850kg
Speed: 108kt
Endurance: 25h
Ceiling: 15,000ft
Payload: 100kg including an EO/IR sensor and possibly an AESA radar
Powerplant: Garrett TFE731 turbofan engine
Launch/recovery: conv/conv
Remarks: Classified stealthy HALE UAV

Korsar

MQ-8C Fire Scout

Global Hawk
Global Hawk

Length: 4.2m										
Span: 6.5m
Maximum take-off weight: 400kg
Speed: 81kt
Endurance: 12h
Ceiling: 6,600ft
Payload: Components based on the mission requirement
Powerplant: 70hp piston engine
Launch/recovery: conv/conv
Remarks: Russian medium weight tactical UAV.
Length: 12.6m										Span: 10.7m dia
Maximum take-off weight: 2,722 kg
Range: 278km radius from ship, 2,556km) estimate based on endurance
& cruise speed										Endurance: 12hrs
Speed: 135kts max, 115kts cruise
Altitude: 16,000ft
Payload capacity: 318kg
Payloads: EO/IR/LRF, comm relay, AIS, maritime radar (future),
COBRA mine detector (future). Multiple payloads and configuration available
Powerplant: Rolls-Royce 250-C47E turboshaft engine driving main and
tail rotors
Launch/recovery: automatic VTOL
Remarks: US Navy declared the MQ-8C mission capable and ready to
deploy aboard Littoral Combat Ships in 2021
Length: 14.5m									Span: 39.8m
Maximum take-off weight: 14,628kg			 Range: 22,780km (ferry)
Endurance: > 34hrs							Speed: 310 kts loiter
Altitude: 60,000ft								Payload capacity: 1,360kg
Payloads: All-weather synthetic aperture, radar/moving target
indicator, high-resolution electro-optical (EO) digital camera, and a
third-generation infrared (IR) sensor working through common signal
processor
Powerplant: Rolls-Royce AE3007 turbofan generating up to 3,856 kg thrust
Launch/recovery: conventional runway, automatic
Remarks: HALE UAV in service with USAF since 2001. Gathers near-realtime, high-resolution imagery of large areas of land, 24/7. EQ-4B version
carries the Battlefield Airborne Communications Node (BACN) payload.
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Triton

ํํฟYarara

Length: 2.465m							Span: 3.98m
Maximum take-off weight: 35kg			 Range: > 50 km LOS link range
Endurance; 6hrs							
Speed: 90kts max
Altitude: 9,843ft							
Payload capacity: 5.5kg
Payloads: IAI MicroPOP EO/IR turret
Powerplant: 1 x 8hp Cubewano Sonic 35 multi-fuel rotary engine driving
3-blade pusher propeller mounted above the wing.
Launch/recovery: conventional, unprepared runway
Remarks: Operated by the Argentinian Air Force, system comprises
three UAVs, GCS and support equipment in three boxes weighting less
than 250kg.

Hammerhead

Length: 14.4m								Span: 15.6m
Maximum take-off weight: 6,600kg		 Range: 7,038km
Endurance: 15hrs max with 227kg payload, 9.5hrs 1,500km from base
Speed: 395kts max, 320kts cruise, 135kts loiter
Altitude: 45,000ft service ceilingๆๆๆๆๆๆๆๆๆๆๆๆๆๆๆPayload capacity: 227kg standard
Payloads: SkyISTAR mission system with sensors including FLIR
Systems StarSafire 380HD EO/IR turret, Leonardo Seaspray 7300 E
Radar. The Italian defence ministry has reportedly requested purchase
of 20 aircraft.
Powerplant: 2 × 850shp Pratt & Whitney Canada PT6A-66B pusher turboprops
Launch/recovery: conventional runway
Remarks: Based on P180 Avanti manned business aircraft. UAE launch
order cancelled. Italian government has pledged continued support for
certification.

NOSTROMO DEFENSA

PIAGGIO AEROSPACE

QODs

SAFRAN

Length: 14.5m									Span: 39.9m
Maximum take-off weight: 14,630kg			 Range: 15,186km (ferry)
Endurance: 30hrs								Speed: 320kts
Altitude: 56,500ft
Payload capacity: 1,452kg max internal, 1,089kg external
Payloads: Multi-Function Active Sensor Active Electronically Steered
Array (MFAS AESA) radar, MTS-B multi-spectral targeting system
Powerplant: Rolls-Royce AE3007 turbofan generating up to 8,500 lbs thrust
Launch/recovery: conventional runway
Remarks: Developed under the US Navy’s Broad Area Maritime
Surveillance programme, Triton’s role is to provide ISR over vast
ocean and coastal regions, conduct search and rescue missions, and to
complement the P-8 Poseidon MPA.

Mohajer-4B

Patroller
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Length: 3.75m
Span: 6.5m
Maximum take-off weight: 242kg
Speed: 110kt
Endurance: 6h
Ceiling: 15,000ft
Payload : 20kg including a gimbal-mounted EO/IR sensor
Powerplant: 50hp Limbach L550E piston engine
Launch/recovery: cat/para
Remarks: Iranian tactical UAV.
Length: 8.5m									Span: 18m
Maximum take-off weight					 Range: 200 m LOS
Endurance: 20hr								Speed: 110kts max
Altitude: 20,000ft								Payload capacity: 250kg
Payloads: Safran Euroflir 410 EO/IR turret plus COMINT, SIGINT,
radar and other sensors.
Powerplant: 1 x 115hp Rotax 914F 4-cyl turbocharged liquid cooled engine
Launch/recovery: conv/conv
Remarks: The French Army has 14 on order, was due to receive the first
5 at the end of 2019, 14 in 2020 and two more in 2024. No deliveries yet
reported.
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SCHIEBEL

SPECIAL TECHNOLOGIES CENTER

STM

Camcopter S-100

Orlan-10

Length: 3.11m							Span: 3.4m rotor diameter
Maximum take-off weight: 200kg		 Range: 50, 100 or 200km data link range
Endurance: > 6hrs with 34kg payload, > 10hrs with external fuel
Speed: 120kts dash, 55kts estimate endurance
Altitude: 18,000ft						Payload capacity: 50kg
Payloads: EO/IR gimbals standard, with wide area search sensors,
Synthetic Aperture Radar (SAR), Light Detection and Ranging (LIDAR)
scanners, Signal Intelligence (SIGINT) & Communication Intelligence
(COMINT), communications relays, loudspeakers, transponders,
dropping containers and under-slung loads as options.
Powerplant: 50hp rotary engine
Launch/recovery: VTOL
Remarks: Delivered to 35 customers worldwide.
Length: 1.8m											
Span: 3.1m
Maximum take-off weight: 18.7kg						
Speed: 92kt
Endurance: 4h 										
Ceiling: 16,404ft
Payload: 6kg
Powerplant: Piston engine
Launch/recovery: cat/para
Remarks: Russian Ground Force’s standard multirole tactical UAV.

KARGU

Technical Features						 Range: < 10 km (LoS)
Endurance: < 30 minutes					 Mission Altitude: < 500 meters
Maximum Altitude: 3.300 meters (MSL) Cruise Speed: 72 kmh
Dimensions: 600mm x 600mm x 430mm Weight : 7.060 grams
Operating Temperature: -20 / + 50 °C
Remarks: KARGU is a Rotary Wing Mini UAV system designed for
Tactical ISR and Precision Strike missions. The system is man-packable
and can be operated by a single personnel. The KARGU platform can be
navigated both autonomously and in manual modes by the operator.
The platform also has the capability to detect and track multiple types
of targets through image processing algorithms. For precision strike
missions, KARGU employs the man-in-the-loop principle, through
which the operator selects the target and approves a potential strike
mission through the Ground Control Station.

ฟALPAGU

Technical Features						 Operational Range: < 10 km
Mission Endurance: 10 minutes			 Mission Altitude: 400 ft (AGL)
Cruise Speed: 50 knots					
Maximum Speed: 65 knots
Wight: 1.9 kg
Operating Temperature: -20 / + 50 °C
Power: LiPo Battery
Deployment Time: Maximum 1 minute
Remarks: ALPAGU Fixed-Wing Autonomous Tactical Attack UAV is
designed for both reconnaissance and surveillance and for striking
targets outside the line of sight with high accuracy, can be carried by a
single soldier, and can operate autonomously or with remote control.

TOGAN

Technical Features				 Range: 5 km
Endurance: 45 minutes			 Mission Altitude: 500 meters (AGL)
Maximum Altitude: 3.300 meters (MSL)
Maximum Speed: 72 km/hour		 Weight : < 7.000 grams
Operating Temperature: -20 / + 50 °C
Power: Li-ion Battery				 Deployment Time: 45 seconds
Remarks: TOGAN is a autonomous multi-rotor reconnaissance
UAS solution engineered for general-purpose reconnaissance and
surveillance missions with indigenous mission planning software,
autonomous intelligence, and operational capabilities. It can be
controlled autonomously or via remote control, and be deployed and
operated by a single personnel.
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SUKHOI

S-70 Okhotnik-B

Aliaca

SURVEY COPTER

Tracker 120

DFV 2000 ER

TURKISH AEROSPACE

Aksungur
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Length: 14m
Span: 20m
Maximum take-off weight: 20,000kg
Speed: 432kt
Range: 5,000km
Payload: 2,000kg weapons carried in internal weapons bay
Powerplant: Saturn AL-31F turbofan
Launch/recovery: conv/conv
Remarks: Russian advanced strike UAV.
Length: 1.85m											Span: 3m
Maximum take-off weight: 12kg						Range: 50km
Speed: 52kts											Endurance: 3hrs
Altitude: 9,843ft
Payload capacity: 1.1kg
Payload: T120 gyrostabilised EO/IR turret
Powerplant: battery & 1 electric motor driving a single tractor propeller
Launch/recovery: cat/belly
Remarks: Developed for ISR, protection & monitoring missions in
military and civil applications. Currently deployed by the French Army
and Navy, overseas land & naval forces, SOF, police & gendarmerie.
Length: 1.54m										Span: 3.3m
Maximum take-off weight: 8.7kg					 Range: 25km
Speed: 17 to 25 m/sec								Endurance: 90 mins
Altitude: 985ft cruise, 8,200ft max
Payload capacity: 1.1kg
Payloads: T120 gyrostabilised EO/IR turret
Powerplant: battery & 2 x electric motors driving twin tractor propellers
Launch/recovery: hand/belly landing
Remarks: Designed for ISR, coastal surveillance, convoy protection,
monitoring of sensitive areas
Length: 2.27m										Span: 3.3m
Maximum take-off weight: 22.5kg					 Range: > 50km
Speed: 65kts										Endurance: 7hrs
Altitude: 32,300ft									
Payload capacity: 2kg
Payload: Survey-Copter’s own T120 gyrostabilised EO/IR turret
Powerplant: 1 x fuel-injected 2-str engine
Launch/recovery: cat/conv
Remarks: Designed for military and civilian intelligence, surveillance
and inspection missions
Length: 8.6 m									Span: 17.5 m
Maximum take-off weight: 1,700 kg			 Range: 250+ km
Endurance: 30+ Hours @ Mission Altitude Speed: 120 kts
Altitude: 30,000 ft (MSL)						 Payload capacity: 350+ kg
Payloads: EO/IR/LD/LRF Camera, SAR/GMTI-ISAR Radar, Wide Area
Surveillance Camera, ESM/ EA, ComJam, Precision Guided Bombs,
Laser Guided Rockets, Anti-Tank Missiles, Wideband SATCOM up to
20 Mbps, PLS, VHF/UHF Radio Communication & Relay, Digital Data
Recorder, IFF, MALD
Powerplant: Heavy Fuel Engine
Launch/recovery: Conventional Runway, Automatic Takeoff and
Landing System (ATOL)
Remarks: More than 30 in service with Turkish Air Force, Navy and
Ministry of Interior. Ordered by Tunisia.
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ฤAnka

Şimşek

AR3 Net Ray

ะtakever

TEXTRON UNMANNED SYSTEMS

Aerosonde Hybrid Quadrotor (HQ)
Shadow V2

Length: 12.5 m									Span: 24.2 m
Maximum take-off weight: 3,300 kg			 Range: 250+ km
Endurance: 50 Hours 							Speed: 153 kts
Altitude: 40,000 ft (MSL)						 Payload capacity: 750+ kg
Payloads: EO/IR/LD/LRF Camera, SAR/GMTI-ISAR Radar, Wide Area
Surveillance Camera, Automatic Identification System, Sonobuoy
Pod, MAD Boom, SATCOM, PLS, V/UHF Radio Relay, Airborne
Communications Node Pod, 3 hardpoints on each wing with 500 kg, 300
kg and 150 kg capacities, TEBER-B1, TEBER-B2, L-UMTAS, MAM-L,
Cirit, MAM-C, HGK-3, KGK (82), Small Diameter Bomb
Powerplant: PD-170 Dual Turbo Diesel 2*170 HP (SL, ISA)
Launch/recovery: Conventional Runway, Automatic Takeoff and
Landing System (ATOL)
Remarks: MALE+ Class UAV System with ISTAR and Strike Capabilities.
Length: 2.3 m									Span: 1.5 m
Maximum take-off weight: 70 kg				 Range: 70+ km LOS
Endurance: 45+ Minutes 						 Speed: 350+ kts at sea level
Altitude: 50-20,000 ft (MSL)					 Payload capacity: 750+ kg
Payloads: Radar Cross Section Augmenter (Active or Passive), Miss
Distance Indıcator (MDI), Smoke Generator, Radar Altimeter, Hot
Nose, Automatic Identification System (AIS)
Powerplant: Turbojet Engine
Launch/recovery: Catapult launched from land or ship’s deck
Remarks: Şimşek Target Drone, with its wide variety of payloads and
effective flight envelope, can be configured to simulate different type of
aircraft and missiles. Operational in Turkey.
Length: 1.7m
Span: 3.5m
Maximum take-off weight: 23kg
Speed: 65kt
Endurance: 16h
Payload: 4kg including EO/IR sensor
Powerplant: Piston engine
Launch/recovery: cat/para
Remarks: Portuguese MUAS sold to Nigeria.
Length: 2.1 m								
Span: 3.6 m
Maximum take-off weight: 47kg 			
Range: 140km comms range
Endurance: 10hrs with multi-INT payload Speed: 65kts
Altitude: 10,500ft density altitude with multi-INT payload
Payload capacity: 6.8kg
Payloads: Can carry Cloudcap TASE 400 two-axis stabilised turret with
EO/MWIR with continuous zoom optics with multiple 3rd bay and
laser options, integrated GPS/INS, onboard video processing
Powerplant: Lycoming EL-005 two-stroke Heavy Fuel Engine plus 4
electric vertical rotors
Launch/recovery: VTOL
Remarks: Runway independent development of Aerosonde
Length: 3.66m									Span: 26.2m
Maximum take-off weight: 212kg				 Range: 125km LOS
Endurance: 9hrs
Speed: 62-65kts / Max 98kts dependent on mission profile
Altitude: 18,000ft ceiling, 10,000ft max take-off elevation
Payload capacity: 43kg
Payloads: EO/IR, communications relay, optional laser designation,etc.
Powerplant: UAV Engines model 741 rotary engine
Launch/recovery: cat/conv, arrested
Remarks: Operators of this and earlier versions include the US Army,
US Marine Corps, the Australian Army, the Italian Army, and the
Swedish Army
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THALES

UAV FACTORY

Tactical (Watchkeeper)

Length: approx 5.7m							Span: 10.5m
Maximum take-off weight: 550kg				 Range: 200km
Endurance: 16hrs								Speed: 95kts
Altitude: 16,000ft								Payload capacity: 150kg
Payloads: Elbit Compass turret with visual, Infra-Red (IR) laser
rangefinder and designator, Thales I-Master SAR/GMTI radar, radio
relay, COMINT. Principal operator is the British Army.
Powerplant: Powerplant: 1 x 52hp UAV Engines R802/902 rotary
Launch/recovery: conv/conv
Remarks: Based on Elbit Hermes 450, Watchkeeper is British Army
tactical UAV system, latest version offered for export by Thales is
Watchkeeper X

Spy'Ranger

Length: 1.76m (estimate)					Span: 3.9m
Maximum take-off weight: 14kg			 Range: 30km (comms limited)
Endurance: 3hrs							
Speed: 49kts
Altitude: 14,764ft (t/o)
Payload: 1.2kg
Powerplant: battery & DC brushless electric motor
Launch/recovery: cat/belly
Remarks: French Army acquired a fleet of 210 Spy’Rangers for
reconnaissance and observation missions

Penguin C

Length: 2.3m								Span: 3.3m
Maximum take-off weight: 22.5kg			 Speed: 62kt
Endurance: 20h 							Ceiling: 16,400ft
Payload : 10kg including Single sensor gyro-stabilized gimbal with
Epsilon 135 EO sensor
Powerplant: 28hp EFI piston engine
Launch/recovery: cat/para
Remarks: US/Latvia manufactured long-endurance mini-UAV ordered
by the Latvian National Armed Forces.

UMS SKELDAR

UWCA
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V-200

Forpost

Length: 4.031m					
Rotor diameter: 4.6m
Maximum take-off weight: 235kg Endurance: > 5 hr with 20kg payload at ISA
Speed: 81kts						 Altitude: 12,000ft
Payloads: Optional payloads: advanced EO/IR turrets, Sentient Vision
ViDAR, SAR/GMTI radar, hyper-spectral and multi-spectral cameras,
comms relay systems
Powerplant: 1 x 54hp Hirth heavy fuel engine running on Jet A1, JP5 & JP8
Launch/recovery: VTOL
Remarks: Maritime unmanned helicopterwith open interface to
battlefield management and C4ISR systems, STANAG 4586 compliance
for ease of integration into ships. Bidding for the Polish Navy
programme.
Length: 5.85m								
Span: 8.55m
Maximum take-off weight: 450kg			
Speed: 80kt
Endurance: 18h 							
Ceiling: 23,000ft
Payload : 120kg
Powerplant: Limbach L550 piston engine
Launch/recovery: conv/conv
Remarks: Russian license-built IAI Searcher III tactical UAV.
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VESTEL DEFENSE INDUSTRY

VIETTEL

Karayel

VT-Patrol

ZHONG TIAN GUIDE CONTROL TECHNOLOGY COMPANY

Fei Long-1
INDIA: DEFENCE RESEARCH AND DEVELOPMENT ORGANISATION (DRDO)

Rustom-2

SOUTH KOREA: KOREAN AIR AEROSPACE DIVISION (KAL-ASD)

KUS-7/RQ-102

Length: 6.5m										Span: 13m
Maximum take-off weight: 630kg					
Speed: 80kt
Endurance: 20h 									
Ceiling: 18,000ft
Payload : 70kg including EO/IR sensor
Powerplant: 97hp piston engine.
Launch/recovery: conv/conv
Remarks: Turkish armed MALE UAV designed and produced according
to STANAG-4671. Is being built under license in Saudi Arabia.
Length: 2.8m
Span: 3.3m
Maximum take-off weight: 26 kg
Range: 50km
Altitude: 14,763ft
Powerplant: Piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: Mini-class reconnaissance UAV in service with the
Vietnamese armed forces.

Length: 2.2m estimate							Span: 20m estimate
Maximum take-off weight: 3,200kg			 Speed: 125kt
Endurance: 25h 								
Ceiling: 26,245ft
Payload:1,400kg
Powerplant: Rear-mounted heavy fuel engine.
Launch/recovery: conv/conv
Remarks: Chinese MALE designed to operate in China’s high altitude
regions for border patrol and SAR missions..
Length: 9.5m								Span: 20m
Maximum take-off weight: 1,800kg		
Endurance: 24hrs (estimate)
Speed: 135kt cruise							Altitude: 35,000ft
Payload Capacity: 350kg
Powerplant: Two 100hp Saturn 36T turboprop engines, tractor
propellers
Launch/recovery: Conventional
Remarks: MALE-class reconnaissance UAV being developed for the
Indian armed forces.

Length: 3.7m								Span: 4.5m
Maximum take-off weight: 150kg			 Range: N/A
Endurance: 3hrs 							Speed: N/A
Altitude: N/A
Payload Capacity: N/A
Powerplant: 35hp rotary engine, pusher propeller
Launch/recovery: Conventional
Remarks: Tactical-class reconnaissance UAV in service with the
Republic of Korea Army
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KUS-FS/Mid-Altitude
UAV (MUAV)
TAIWAN: NATIONAL CHUNG-SHAN INSTITUTE OF SCIENCE AND TECHNOLOGY (NCSIST)

Albatross
Teng Yun (Cloud Rider)

THAILAND: RV CONNEX

zaLa aero group

RTAF U-1

ZALA 421-16E5G HD
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Length: 13m								Span: 25m
Maximum take-off weight: N/A			 Range: 1,852km (estimate)
Endurance: 24+hrs 						Speed: N/A
Altitude: 42,650ft							Payload Capacity: 150kg
Payloads: Electro-optical sensor system under fuselage
Powerplant: 1,200hp turboprop engine, pusher propeller
Launch/recovery: Conventional
Remarks: MALE-class reconnaissance UAV in development for the
Republic of Korea Army Ground Operations Command
Length: 5.3m											Span: 8.7m
Maximum take-off weight: 450kg						Range: 120km
Endurance: 10hrs 			
Speed: 97kts max level speed, 60kt cruise
Altitude: 15,000ft
Payload Capacity: 51kg
Powerplant: Single piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: Tactical-class reconnaissance UAV in service with the
Republic of China Army and Navy
Length: 8m
Span: 18m
Range: 1,000km+
Endurance: 24hrs
Altitude: 25,000ft
Powerplant: Single turboprop engine, pusher propeller
Launch/recovery: Conventional
Remarks: MALE-class reconnaissance UAV in development for the
Republic of China Air Force.

Span: 6.2m
Range: 100-150km
Endurance: 6hrs
Altitude: 10,000ft
Payload Capacity: 30kg
Powerplant: 25hp piston engine, pusher propeller
Launch/recovery: Conventional
Remarks: Tactical-class reconnaissance UAV in service with the Royal
Thai Air Force, derived from Sky Scout UAV.
Length: 1.85m 										Span: 4.64m
Maximum take-off weight: 29.9kg					 Range: 1200+ km
Endurance: 12+ hr									Speed: 65-110 km/h
Altitude: 200-5000 m
Payloads: Interchangeable ZALA payloads
Gyro-stabilized EO/IR HD sensors: Full HD video with 60-x optical
zoom, 42Mp photo, HD thermal imager with 8x zoom, LiDAR, gas
detector, dosimeter, relay module
Powerplant: Hybrid (buffer storage battery and combustion engine)
Launch: Pneumatic catapult
Recovery: Parachute, airbag
Remarks: ZALA 421-16E5G is a serial hybrid powerplant that provides a
guaranteed flight time of more than 12 hours.

uav listing

ZALA 421-16E HD

ZALA 421-16E2

ZALA VTOL

Length: 1.18m										Span: 2.815m
Maximum take-off weight: 10.5kg					 Range: 75/100+ km
Endurance: 4+ hr									Speed: 65-110 km/h
Altitude: 100-5000 m
Payloads: interchangeable ZALA payloads
Gyro-stabilized EO/IR HD sensors: Full HD video with 60-x optical
zoom, 42Mp photo, HD thermal imager with 8x zoom, gas detector,
dosimeter, relay module
Powerplant: Electric
Launch: Pneumatic/mechanic catapult
Recovery: Parachute, airbag
Maximum wind speed: 15 m/s
Remarks: Time-proven, the most popular UAV from ZALA product line,
with low acoustic, visual, and radar signatures.
Length: 1.1m										Span: 2.8 m
Maximum take-off weight: 7,5 kg					 Range: 30/60+ km
Endurance: 4+ hr									Speed: 65-110 km/h
Altitude: 100-5000 m
Payloads: interchangeable ZALA payloads
Gyro-stabilized EO/IR HD sensors: Video with 60-x optical zoom,
42Mp photo, thermal imager with 8x zoom, gas detector, dosimeter,
relay module
Powerplant: Electric
Launch: Elastic catapult
Recovery: Parachute, airbag
Remarks: Hand-launched tactical UAV with the best payloads with
guaranteed 4+ hrs endurance.
Length: 1.18m											Span: 2.815m
Maximum take-off weight: 11.5kg						 Range: 25/75 km
Endurance: 2+/4+ hr									Speed: 0-110 km/h
Altitude: 100-2000 m
Payloads: interchangeable ZALA payloads
Gyro-stabilized EO/IR HD sensors: Full HD video with 60-x optical
zoom, 42Mp photo, HD thermal imager with 8x zoom, gas detector,
dosimeter, relay module
Powerplants: Electric
Launch: Automatic-Vertical/ Pneumatic catapult
Recovery: Automatic-Vertical/Parachute with airbag
Maximum wind speed: 10 m/s
Remarks: Combines the best qualities of an airplane and tiltrotor
drones, by changing the wings therefore changing configuration
depending on the conditions of the task and provides aerial monitoring
of any hard-to-reach places and areal objects.
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The US Navy’s MQ-3C Fire Scout MUAS has yet to find a role.

NAVIES NOW SEEKING
MUAS BIDS
There has been a resurgence of interest in unmanned aerial submarine-hunting capabilities as potential
underwater threats, especially from Russia and China, continue to grow.
David Oliver

T

he United States Navy operated
the first operational shipborne
unmanned vertical take-off
and landing (VTOL) aircraft,
the Gyrodyne QH-50 Drone
Anti-Submarine Helicopter (DASH). More
than 500 were delivered to the US Navy and
were used in action in the Gulf of Tonkin
during the Vietnam War in 1966, and 16 were
delivered to the Japanese Maritime SelfDefence Force.

It would be another 40 years before the
US Navy took delivery of another VTOL
UAV, Northrop Grumman’s RQ-8A Fire
Scout based on the Schweizer 333 light
helicopter. However after a protracted
development only small numbers of the
later RQ-8Bs were operational and several
were lost in accidents including one on 14
August 2020 at Naval Base Ventura County,
at Point Mugu and another on 27 April 2021
when it crashed on landing on the USS
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Charleston in the Pacific. The US Navy
switched its focus to the larger Northrop
Grumman MQ-8C Fire Scout based on
the Bell 407 helicopter which made it first
unmanned flight in December 2010. The US
Navy has a requirement for 38 MQ-3Cs but
it was not until July 2019 that it was declared
mission capable although its exact role is
still under review.
Martin UAV’s V-Bat long-endurance
VTOL UAV has been down selected for the

A second prototype of the Airbus VSR700 VTOL MUAS being developed
for the French Navy has been ordered.

in 2019 which was the first time in Europe,
that a VTOL UAS had been immersed
with the combat system of an amphibious
helicopter carrier.
In February 2021 Airbus Defence and
Space mini-UAS subsidiary Survey Copter
signed a contract with French DGA to
provide the French Navy with 11 systems
each with two air vehicles, of the electrically

Survey Copter

USN’s Mi2 Challenge to prototype new UAS
capabilities to address the technological
requirements of harsh operating
environments. Martin UAV was one of 13
respondents to the Mi2 Challenge and was
down selected in April 2021 with L3Harris
Technologies to compete in a technology
demonstration at the Yuma Proving
Grounds in Arizona.
At the other end of the scale, the MQ4C Triton high-altitude, long endurance
(HALE) UAV is a maritime version of the
Northrop Grumman Global Hawk that has
been in US Navy service since 2018.
In August of that year Boeing Defense,
Space & Security won the US Navy’s
Carrier-Based Aerial-Refuelling Systems
competition with its MQ-25 Stingray UAV.
In partnership with the US Navy, Boeing’s
MQ-25 T1 flew for more than six hours on a
recent test flight, as well as its highest flight
to date, to an altitude of 30.000ft (9,100m).
In early June the T1 completed the aerial
refuelling of an F/A-18 Super Hornet. Under
the contract, worth an initial $805.3 million,
Boeing will deliver four fully operational
MQ-25As by 2024.
In Europe, France is leading proponent
of Maritime UAS (MUAS) operations.
Naval Group, on behalf of the French
Navy accepted four additional Schiebel
Camcopter S-100 VTOL UAVs in December
2020 to be deployed on the Mistral-class
amphibious helicopter carriers Tonnerre
and Mistral. The acquisition came after the
successful integration of a Camcopter S-100
on the French Navy Mistral-class Dixmude

Airbus
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Eleven Survey Copter Aliaca MUAS have been ordered for the French Navy.

powered fixed-wing Aliaca MUAS,
including training and integrated logistic
support with first deliveries expected
during this year.
The French Minister of Armed Forces,
Florence Parly, announced in April 2021 that
the Armament General Directorate (DGA)
has signed an order to purchase a second
prototype of the Airbus VSR700 is an VTOL
MUAS being developed from the Guimbal
Cabri light helicopter for the French Navy
in partnership with the Naval Group.
The United Kingdom has been on
the back foot of MUAS development for
the Royal Navy although 700X Naval Air
Squadron trains military operators to use
Remotely Piloted Air Systems (RPAS) on
the frontline and has overseen trials of the
Puma AE 2 from the new RN OPV, HMS
Tamar in 2020. In January 2021 an Request
for Information (RfI) was published for
the Royal Navy to study the market for a
heavy transport MUAS. The UAV will have
to be capable of carrying a 200kg (440lb)
payload and be able to conduct BLOS
flights. It will have to be resistant to the
maritime environment, and have an open
architecture so it can be easily modified.
The RN’s Future Maritime Aviation
Force vision for 2030 includes Project
Vixen, a plan for a medium-sized fixed-
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The Royal Navy’s 700X Naval Air Squadron has overseen trials of the AeroVironment
Puma AE 2 small UAS.

be adapted as an air-air refuelling (AAR)
tanker to extend the combat radius of the
F-35. It is likely that the RAF’s Lightweight
Affordable Novel Combat Aircraft (LANCA)
being developed by Team Mosquito could be
carrier capable.

UMS Skeldar

wing Loyal Wingman UAV to work with
Lockheed Martin F-35s with the potential
to be used in a wide range of roles, including
combat air patrols (CAP), reconnaissance
(ISTAR), electronic warfare (EW) and acting
as a communications relay. It could also

Another European MUAS programme of
note is Poland’s Albatros project to provide a
tactical short-range maritime VTOL UAV for
the Polish Navy. The order concerns delivery
of two short-range tactical VTOL UASs,
including one system procured as a part of
the base procurement, and one that may
be procured within the scope of the right
of option. The UAVs will be used to equip
the Polish armed forces with equipment
for daytime/night observation in varied
environments, including reconnaissance
over the sea, coast, the land, and in maritime
SAR missions with the use of E/O sensors
and SAR radar sensors.
In December 2020 the Polish Armament
Inspectorate, announced six bidders
participating in programme: UMS Skeldar,
WB Electronics, PZL-Świdnik with
Leonardo, Schiebel, WORKS 11 with Martin
UAV, and Siltec. The bids had to be submitted
by 29 January 2021 with the delivery of a
system within 15 months.
One of the bidders, UMS Skeldar
announced that its Skeldar V-200 VTOL
MUAS successfully accomplished the first
automatic take-off and landing (ATOL) of
a tactical UAV from a ship in February 2021,
and is considered a front rummer for the
Albatros programme along with the most
successful MUAS, Schiebel’s Camcopter
S-100.

The UMS Skeldar V-200 VTOL UAS is one of six bidders for the Polish Navy’s Albatros programme.
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Skyborg is one of three Vanguard UAV programmes identified in 2019 as part of the US Air Force Science and Technology 2030 initiative.

SKY HIGH FUTURE

The financial rewards of building UAVs to meet a multitude of mission over the next decade is set to sky-rocket.

U

nmanned Aerial Vehicles
(UAVs) will be one of the most
dynamic growth sectors of
the world aerospace industry
this decade, reported Teal
Group analysts in their latest market analysis.
The Group's 2020/2021 UAV market
study estimates that military UAV
production will increase in value from $5.6
billion annually in 2020 to $14 billion in
2029, for a total of around $95.5 billion in
the next decade. Military UAV research and
development spending will add another
$40 billion over the period with nearly 69
percent of that coming from the United
States.
The market is driven by costly highaltitude, long-endurance (HALE) systems,
low-cost Chinese exports, demand for

David Oliver
armed UAVs, and the development of the
next generation of unmanned combat aerial
vehicles (UCAV). The United States will lead
the world market in demand, followed by
Europe in second place and Asia-Pacific
close behind in third position.
The study also reflected the rapid
growth of interest in the UAV business and
reveals the fundamental reshaping of the
industrial environment as UAV technology
proliferates worldwide. This has been
illustrated by recent acquisitions of both
successful and failing UAV manufacturers.
This year has seen AeroVironment’s take
over Arcturus UAV, a leading US designer
and manufacturer of innovative highperformance VTOL unmanned aircraft
systems (UAS), for approximately $405
million. Israeli company Rafael Advanced

Defense System reached an exclusive
agreement to take over the Bavarian UAV
manufacturer EMT which was in the
process of bankruptcy despite being an
important supplier of reconnaissance UAVs
for the German Army.
However, future US military UAV
projects include autonomous aerial
resupply systems, air-launched armed
UAVs and classified unmmaned vehicle
programmes.
UNMANNED RESUPPLY
The United States Army has issued a
Request for Information (RfI) to industry
for UAVs that can deliver supplies to
infantry brigade combat teams in the field
under a programme called the Joint Tactical
Autonomous Aerial Resupply System. The
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The Kratos XQ-58A Valkyrie has been used to release in flight a small Altius-600 UAV from its
internal weapons bay.

In March 2021 AFRL used a XQ-58A
to release in flight a small Altius-600
UAV, designed and manufactured in
partnership with Kratos and Area- I.
The Altius 600 has an endurance of
more than four hours and can fly more
than 250 nautical miles (463km). The
configuration could potentially allow
the deployment of multiple small UAS
to achieve a cluster munitions effect or
for electronic warfare capability.
A team led by Dynetics, that also
includes Kratos, designed a UAV for
the US Defense Advanced Research
Projects Agency (DARPA) Gremlins
programme which is focused on
demonstrating the concept of a lowcost swarm made up of unmanned
aircraft that can be launched and
recovered by a mothership aircraft
in flight. Although the UAV has
been successfully launched from
a Lockheed Martin Hercules C-130
aircraft, retrieval remains a challenge.

Lockheed Martin

UAV should be already technologically
mature to demonstrate capability, weigh
less 1,300 pounds (590 kilograms) and be
able to carry up to an 800lb (363kg) payload
of supplies. It should also be able to operate
in a 160km (110 mile) radius at day or night,
and in bad weather conditions, as well
as plug into current and future tactical
command-and-control systems. Responses
from industry were due by 12 February 2021
and the services plan to field the system
by 2026.
Skyborg is one of three Vanguard
programmes identified in 2019 as part of
the US Air Force Science and Technology
2030 initiative by building a transferable
autonomy foundation for a family of
layered, UAVs. The programmes are
designed to rapidly field systems, by pairing
technology development under the Air
Force Research Laboratory (AFRL) with
the acquisitions capabilities found in the
Air Force Life Cycle Management Center
(AFLCMC).
The aim is to develop a family of
attributable aircraft systems with a
common artificial intelligence (AI)
backbone that can train alongside manned
aircraft and fly ahead of them in nonpermissive environments, and frustrate
adversaries.
In December 2020, the AFCMC awarded
more than $76 million to Boeing, General
Atomics and Kratos to build Skyborg
prototypes and fly them in teaming with
manned aircraft by July 2021. AFRL has
used the Kratos XQ-58A Valkyrie as an
example of what a Skyborg prototype
could look like while Boeing may use the
Airpower Teaming System (ATS) it is
supplying to the Royal Australian Air Force
(RAAF) as a template.

STARDRIVE ENGINEERING
A secretive new UAS designed by the
Lockheed Martin Skunk Works known
only as Speed Racer is about to enter flight
testing. The design of the unmanned
vehicle used an all-new digital engineering
process called StarDrive which involves
using computer software to construct
digital twins of an aircraft from the design
to flight stages before the physical aircraft
gets ready for take-off. The Speed Racer is
reported to be powered by engines supplied
by Technical Directions, a small turbojet
supplier that was acquired in 2019 by Kratos
Defense and Security Solutions,
In Europe, the unmanned elements of
the United Kingdom’s Team Tempest, the
Royal Air Force’s next generation combat
air system and the parallel Franco-GermanSpanish Future Combat Air System (FCAS/
SCAF) programme, are at an early stage
of their developments. Meanwhile the in
April 2021 Germany’s Parliament approved
a $3.6 billion (€3 billion) contract towards
the procurement of the European Medium
Altitude Long Endurance Remotely Piloted
Aircraft System (EU MALE RPAS) being
developed and implemented with France,
Italy and Spain. The current German
contract does not include weaponising
the platform although other partners may
chose to. The German Army will receive 21
UAS, 12 ground control stations and four
simulators from the joint project with
Airbus D&S, Dassault, Leonardo and Space
SAU, with delivery expected to start in 2030.
Brazilian aerospace conglomerate
Embraer Defense & Security has announced
that it is reviving a programme to develop
a large UAS for the Brazilian Air Force.
After several smaller projects teamed with
Elbit and Avibras, Embraer sees the way

The classified Speed Racer project was designed by Lockheed Martin
Skunk Works using a new digital engineering process called StarDrive.
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forward in advanced unmanned combat
aircraft. Jackson Schneider, chief executive
of Embraer Defense & Security said that it
is also an opportunity for the continuous
development of new technologies and
products for the Brazilian MoD. “A major
challenge for this aerial system will
certainly be its integration and joint
operation with other systems and aircraft,
manned or unmanned.”

The stealthy S-70 Okhotnik UCAV has
been developed by Sukhoi to act as a
Loyal Wingman for the Russian Air
Force’s manned Su-57 multirole fighter.

Russia’s first MALE UAV, the Kronstadt Orion undertook combat evaluation at Tiyas Air Base in
central Syria in 2018.

The S-70 Okhotnik heavy stealthy UCAV
has been under development by Sukhoi
for almost a decade before the prototype
made its maiden flight in August 2019.
The 20-ton tailless flying-wing deign has
a wingspan of 20 metres and a reported
maximum speed of 539kts (1,000km/h).
The Novosibirsk Chkalov Aviation Plant
is now building three more prototypes of
the S-70 with advanced systems of onboard
radio-electronic equipment and improved
structural elements of the airframe. They
should begin flight testing in 2022.
The Russian MoD wants to integrate the
Okhotnik with the fifth generation Su-57
Felon multirole fighter, assuming that two
or three Su-57 squadrons would have a
single S-70 which would have the role as a
Loyal Wingman.
TURKISH SUCCESS
Turkey has been more successful in
penetrating the international market of
Russian MoD

RUSSIAN UAVS
Despite aspirations of competing with
the US, Israel and China in the design,
manufacture and export in next generation
UAS, Russia has yet to develop an
operational UCAV.
The Luch Design Bureau mediumweight piston-engine Korsar is intended
to replace the Forpost, a licence-built
IAI Searcher intelligence, surveillance,
reconnaissance (ISR) UAV for the Russian
ground forces but its development has been
protracted and none are yet in service.
The Reaper-class Kronstadt Orion is the
first Russian made MALE and although one
crashed during a test flight in November
2019, three systems have been delivered
to the Russian MoD for evaluation and
training. During combat evaluation in 2018,
an Orion was deployed to Tiyas Air Base in
central Syria.
Kronstadt also showed a mockup of
the seven-ton Grom Loyal Wingman at the
Army 2020 defence exhibition which will be
capable of controlling a swarm of 10 small
Molniya UAVs and carry the Kh-38M shortrange air-to-surface missile. Kronstadt has
begun construction of a new plant for the
production of its UAVs which is expected
to open in November 2021 at a cost of $52
million.

operational UAS. In 2020 the UK defence
secretary Ben Wallace stressed the “gamechanging” role of Turkish drones in modern
warfare in the Middle East and North Africa.
Turkish TB2 and Anka-S UAVs have
been extensively deployed during the recent
conflicts in Syria, Libya and NagornoKarabakh, exported to Azerbaijan, Morocco
and Qatar and are being built in Ukraine.
Saudi Arabia’s Intra Defense Technologies
and Advanced Electronics Company has
started producing the Karayel MALE UCAV
under license from the Turkish company
Vestel Savunma while Tunisia is to become
the first foreign customer for the Turkish
Aerospace Anka-S armed MALE.
The TB2’s manufacturer Baykar Makina
successfully completed flight trials of its
20-metre wingspan twin-engine Akinci
MALE UCAV in March 2021 and a third
prototype has made its maiden flight.
However, the success of Turkish UAV
combat operations has come at a price.
Canada banned the export of imaging
and targeting systems made by Canadian
company L3Harris fitted to Bayraktar TB2s
following Turkish Air Force incursions into
Syria against Kurdish forces in 2019 and
during the 2020 Nagorno-Karabakh conflict
while the UK company Andair also halted
exports to Turkey after its fuel pumps
were found in TB2s used in the NagornoKarabakh.
UAVs have become a key element of
the armed forces across the world, as they are
being more extensively deployed in
war zones, counter-terrorism operations
and for functions such as border patrol,
maritime surveillance and search &
rescue.
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AIRBORNE DECEPTION
Deflection and deception is the key to survival against missile attack and the expendables market is
developing smarter products to keep aircraft safe.
Martin Streetly

S

ince its earliest days, dominance
in aerial warfare has swung
between defence and offence,
with the former having the upper
hand in the first decades of the
21st Century. In contested environments,
today’s warplanes face a broad spectrum of
threats from both the ground and in the air
and it is probably fair to say that survival
depends in large part on the provision of a
countermeasures capability with which to
disrupt an enemy’s engagement sequence.
As might be expected, such provision is
costly both in terms of procurement and
real estate occupied in its high-end forms.
Accordingly, airborne expendable decoys
present both an effective level of protection
and one which is affordable and easy to
operate.
Traditionally, airborne expendables
have taken the form of chaff and infra-red
(IR) decoy flares. Chaff is aimed at firecontrol, acquisition and search radars and
functions by generating multiple responses
which mask a true target ‘echo’ within a
radar system. The measure can be used to
screen incoming strike forces as well as
providing a means of disrupting a weapon

system’s engagement sequence for long
enough to allow the dispensing platform
to escape it. For their part, IR decoy flares
are designed to generate a target that is
more attractive to an incoming missile
IR seeker than the signature of the real
target. Initially, such devices were effective
against classic ‘tail-chase’, first generation
IR guided air-to-air and ground-to-air
missile seekers. Naturally enough, defence
technology developed counters to these,
with seekers that are ‘all aspect’ and/or
capable of discriminating (rate-bias and
spectral) between the IR signature of a
target and that of a decoy being developed.
Countering the countermeasures has led
to the creation of both advanced flare
compositions and methods of dispensing
which cover 360º rather than just the
rearward hemisphere. Examples here
include kinematic (effectively, the geometry
of movement) and pyrophoric types, with
the former being designed to better mimic
the flightpath of the target being engaged,
while that later make use of materials that
ignite spontaneously on contact with air
and which generate large IR signatures.
A major advantage of this latter type of
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device is that it generates virtually no
visual signature which in conventional
flare types gives away the position of the
launch platform. Indeed, the brightness of
conventional decoy flares is such as to have
seen their successful use as ‘shows of force’
during anti-insurgent operations. Here, the
fear and shock engendered by the sight of
ignited flares is known to have broken up
attacks without the use of kinetic force.
Almost inevitably, conventional IR
decoy flares have their downside, with the
most obvious being the sensitivity of their
constituent materials (magnesium and
teflon with a viton binder - abbreviated to
MTV - in ‘classic’ compositions) to static
electricity. According to a US Army handout, “even the smallest spark can cause a
great catastrophe”, a view that is attested to
by major explosions at flare manufacturing
plants in the UK and US which have killed
and injured workers.
Turning to chaff, similar geometric
considerations are to the fore in that
once dispensed (and when being used
for platform self-protection from direct
attack), the measure needs to provide
all round cover rather than simply an

US Air Force
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A graphic showing a BriteCloud EAD creating
a ‘ghost’ Eurofighter Typhoon to lure away an
F-15 Eagles fire flares during exercise Nexus Dawn, 27 April, 2021, at Travis Air Force Base, California.
incoming radar-guided missile from its
true targetใ

obscuring cloud in the launch vehicle’s
rear hemisphere. Again, the effectiveness
of both chaff and flares is constrained by
the capacity of the magazines that holds
them within the airframe prior to launch.
Innovative ways round this have included
the creation of ‘blocks’ which increase the
number of cartridges (both chaff and IR
decoy flares are packaged in cartridges that
are either square - with the NATO standard
being 1x1in or 2x1in - or round in format)
per magazine and the BOL dispenser which
can be installed in redundant space within
a missile launch rail and which makes use
‘bread slices’ mounts that hold multiple
payloads and which break up once ejected.
SMART DECOYS
Mention of dispensers brings into view
the emergence of ‘smart’ systems that can
utilise multiple decoy types, provide round
counting and system management and can
operate in manual, semi-automatic and
automatic modes. By way of example, the
American AN/ALE-47 equipment (one of
the most widely used globally) offers six
pre-programmed dispenser sequences/
programmes in manual mode, optimum

dispenser sequences for crew initiation in
semi-automatic mode and autonomous
dispensing sequences based on external
sensor/avionic inputs in fully automatic.
So far this survey has concentrated
on ‘classical’ off-board decoys which,
most recently, have been joined by a
new generation of expendable active
decoys (EADs). While not a new idea - the
American Primed Oscillator Expendable
Transponder (POET) device was patented
as early as 1975 - the latest generation of
EADs introduce digital radio frequency
memory (DRFM) technology as a means of
countering multiple threats with a batterypowered off-board expendable that can be
pre-programmed to optimise performance.
Again, a key ‘selling point’ of the EAD is
that it is billed as being equal to towed radar
decoys in effect, is compatible with existing
‘smart’ dispenser systems and does not
require the dedicated launch/recovery subsystem needed to handle the towed option.
To summarise, chaff and IR decoy
flares provide basic, relatively low-cost
platform protection which is easy to install
and operate and which (with the addition
of ‘smarts’) is becoming sophisticated

enough to keep abreast of the evolution of
the threat. This said, maximising the effect
of both measures requires a combination
of optimised dispensing regimes that
are combined with appropriate platform
manoeuvres.
DECOY MARKET ANALYSIS
Moving forward, the remainder of this
survey takes the form of a market survey,
with Armada being able to identify decoy
dispenser manufacturers in America
(BAE Systems/ Extant Aerospace),
Denmark (Terma), France (MBDA France/
Alkan), Israel (BAE Systems Rokar), Italy
(MES), Pakistan (GIBS), the Russian
Federation, Sweden (Saab Defence),
Turkey (Aselsan/MiKES) and the UK
(Thales UK). With regard to chaff, examples
of chaff manufacturers include the US
contractor Armtec Defense Technologies,
France’s Lacroix and the UK’s Chemring
Group, while IR decoy producers include
America’s Alloy Surfaces, Armtec Defense
Technologies and Kilgore Flares, France’s
Lacroix and the UK’s Chemring. With regard
to EADs, Leonardo’s BriteCloud device
appears to be the only fully developed
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A close-up of a two-magazine AN/ALE-47
decoy dispenser being installed aboard
a USN P-3C Orion maritime patrol
aircraft. ALE-47 can be configured to
accommodate both round (shown here)
and square format cartridges

example that is available and has been
procured for use aboard the UK’s now
retired Tornado fleet (see following).
Taking chaff manufacturer first, Armtec
bills itself as producing broad frequency
coverage material that is effective across the
2-40 GHz frequency band, provides “high”

radar “reflectivity”, is subject to “minimal”
bird-nesting (that is, the individual
filaments of the payload do not clump
together on release) and can be tailored to
meet specific customer requirements. With
regard to specifics, the recent past has seen
the contractor produce RR-129, -144, -170,
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-180, -188 and -196 round and square format
cartridges that collectively covered the
2-18 GHz section of the specified frequency
range. For its part, French producer Lacroix
offers the 1x1in LEM 170 (designed for
helicopter and fixed wing applications and
which covers the 2-40 GHz band), the 40mm
diameter LEM 677 (again covering the 2-40
GHz band and which is designed for use
aboard Mirage 2000 and Rafale fast jets) and
the 50mm LEM 505 (a form/fit/function
equivalent for use in Russian dispensers)
cartridges.
Turning to the UK, the Chemring Group
produces a range of 1x1in (the RR170 Mk3
Type 1) and circular format (the CM 26mm
Mk3 Type 1, the CM 50mm Mk3 Type 1 and
the 36mm CCM129 A/AL and CCM144 A/AL)
chaff cartridges of which, the RR170 Mk 3
Type 1, the CCM129 A/AL and the CCM144
A/L are all designed for helicopter, fixedwing and fast-jet applications. For their
part, the company’s CM 26mm and CM
50mm Mk 3 Type 1s are form/fit/function
equivalents for Russian devices. Alongside
these, Chemring also produces BOL chaff
‘bread slices’ together with Modular
Expendable Block (MEB) Mk1 Type 1, Mk3
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Manufacturing MTV IR decoy flares can be a dangerous business. Shown here are some of the
measures taken to prevent work-station, static electricity induced explosion at the US Army’s
Crane Army Ammunition Activity

Type 1 and Mk4 Type 1 payload enlargement
units. Of these, the Mk1 and Mk3 Types 1
have a capacity of 60 decoys, while the Mk4
Type four provides accommodation for
eight decoys and eight MEB ‘Minis’. Again,
all three variants are billed as being suitable
for use in helicopter, fixed-wing and fast-jet
applications.
With regard to IR decoy flares,
American contractor Alloy Surfaces
(a part of Chemring USA) makes use of
‘special materials’, that is, pyrophoric
compositions. Here, the company produces
the 1x1in M211, MJU-50A/B and MJU-64/B
pyrophoric cartridges, the 2x1in MJU53/B device and the L5A2 pyrophoric BOL
dispenser payload. Again, Chemring USA
also offers (via its Kilgore component) the
M206 and the 2x1in KC-002 (a form, fit and
function replacement for the MJU-7A/B
device) and MJU-53/B conventional MTV
flares. For its part, Armtec’s recent range of
IR decoys has included its proprietary range
of ARM 1x1in square and circular format
cartridges together with MJU-7A/B, -10/B,
-32/B, -38/B, -47/B, -48/B (kinematic and
with a ¼ MTV and ¾ pyrophoric filling),
-53/B, -59/B and -61/B types.
France’s Lacroix IR decoy flare portfolio
is divided into helicopter, transport aircraft
and fast-jet applications, with the first
of these encompassing its 1x1in LIR 110
MTV, 1x1in LIR 111 spectral and 1x1in LIR 112
kinematic cartridges. For transport aircraft,
the company offers the LIR 110 together

with the 2x1in LIR 120 MTV (tailored to
the A400M) and the 2x1in LIR 121 spectral
devices. Recent fast-jet applications are
understood to have included the 40mm
diameter LIR 410 MTV and LIR 411 spectral
rounds together with the 60mm diameter
LIR 659 and LIR 684 MTV designs. Here,
all Lacroix’s circular format cartridges are
designed for use aboard the Mirage 2000
and Rafale aircraft.
In the UK, Chemring’s currently
identifiable IR decoy flare range is madeup of 15 configurations that are designated
as the CM26mm Mk8 Type 1, CM36mm
Mk4 Type 2, CM50mm Mk3 Type 2, CM55 ×
200mm (Spectral) L2A1, CM55mm DSTL41,
CM55mm No4 Mk2 Type 1, CM118 Mk3 Type
3, CM118A DSTL22, CM118T L7A7, CM218 Mk3
Type 1, CM218 Mk3 Type 3, CM DSTL6A,
CM DSTL73, CM DSTL81 and the CM DSTL
83 devices. Of these, the CM118 Mk3 Type
3, CM118A DSTL22, CM118T L7A7 and CM
DSTL73 are packaged in 1x1in cartridges,
while the CM218 Mk3 Type 1, CM218 Mk3
Type 3, CM DSTL6A, CM DSTL81 and
CM DSTL83 are all 2x1in devices. Again,
CM118 Mk3 Type 3 is an M206 equivalent
for transport and helicopter applications;
CM118A DSTL22 is aimed at 3rd generation
missile seekers and is designed for
transports and helicopters; CM118T L7A7 is
the fast jet equivalent of DSTL22 and CM
DSTL73 is another anti-3rd generation
seeker decoy for transport and helicopter
applications.

Turning to the 2x1in cartridges,
CM218 Mk3 Type 1 is an MJU-7 series
equivalent; CM218 Mk3 Type 3 is a fastjet MJU-7 equivalent that is aimed at
spectral discriminating seekers; CM DSTL
6A is a transport/helicopter round for
use against 3rd generation seekers; CM
DSTL81 is a fast-jet counter to spectral
discriminating seeker heads and CM
DSTL 83 is a transport aircraft equivalent
of DSTL81. Of Chemring’s round format
decoy flares, the CM26mm Mk8 Type 1
is a form/fit equivalent of the Russian
L056V device; CM36mm Mk4 Type 2 is an
MTV round for use in AN/ALE-39B and
-47 dispensers; CM50mm Mk3 Type 2 is a
form/fit equivalent of the Russian PPI-50
flare; CM55x200mm (spectral) L2A1 is (as
its designation suggests) is a spectrally
matched decoy for use with the Typhoon
fast-jet; CM55mm DSTL41 is a fast-jet
device that incorporates both MTV and
spectrally-matched compositions and
CM55mm No 4 Mk2 Type 1 is designed for
use with the BOZ and Thales (Vinten) 400
series dispensers.
Last (but by no means least),
Leonardo’s BriteCloud EAD can be
configured in 55mm round (BC55) and
2x1in square (BC218) formats and operates
within the H- to J- frequency bands.
As such, it is a self-contained, battery
powered device that is (as noted earlier)
based around DRFM technology and
which is claimed to have a ‘very quick’
deployment time. Again, the device is
designed for launch from conventional
decoy dispensers and as such, is reported
to have been trialled aboard F-16, Gripen
and Tornado fast jets, deployed as an
operational countermeasure aboard the
RAF’s now withdrawn Tornado fleet
and (as of 2021) to have been undergoing
due diligence for use on the Eurofighter
Typhoon. Elsewhere, Leonardo bills the
device as having been ‘future proofed’, as
being mission re-programmable with (as
of 2021) an in-dispenser re-programming
capability being developed and as having a
significantly lower procurement price that
equivalent towed radar decoy technology.
While compressed, it is hoped that
the foregoing will have given the reader
some insight into the nature of the
current generation of airborne offboard
expendables and their continued value as
components of an aircraft’s self-defence
armoury in increasingly potent threat
environments.
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The US Navy’s (USN’s) Nimitz-class nuclear-powered
aircraft carrier USS Theodore Roosevelt is pictured in
April 2021, leading its carrier strike group (CSG) on
operations in the Pacific Ocean. In the 2022-23 timeframe,
the USN intends to test its Taskforce Overmatch’s
‘network of networks’ concept at sea with a CSG.

NAVY’S NAVPLAN
INTEGRATION IN
A CONTESTED SEA

As rivalry returns at sea, navies are seeking information dominance at the strategic, operational,
and tactical levels. In this context, using networked datalinks to enable, integrate, and enhance
communications is a strategic, operational, and tactical priority for navies.

N

aval operations by definition
demonstrate the requirements for, but challenges in,
effective communications at
sea. In contemporary naval
operations, the requirement for integrated
communications to support effects at the
strategic, operational, and tactical levels is
growing. However, this growing requirement also highlights enduring and emerging challenges. These include: the need for
rapid, effective transfer of significant data
volumes; the physical and environmental
challenges in so doing; and developing
system and network technology to enable
such data volumes to be transferred in such
an environment.

By Dr Lee Willett
As naval rivalry returns and naval
presence grows around the world, there
is a need to integrate that presence at the
strategic, operational, and tactical levels
across the sub-surface, surface, air, and
space domains. Moreover, as faster, more effective response is required, there is greater
emphasis on collecting, communicating,
and using greater amounts of data.
As regards challenges, these are physical and technological – relating largely to
distance and environment. There is a new
element in such challenges: although more
integrated, naval forces are still spaced at
distance from each other (due to the size of
operating areas and doctrinal requirements
for distributed operations).
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Distributed operations are designed to
enable assembled naval forces to cover wider areas. However, the need to act and react
to exploit the benefits of such distribution
underlines the importance of sharing
data more widely, more quickly, and more
effectively. Moreover, as sensor capability
improves, so the volume of data to be distributed expands.
This all underlines the enduring but
increasing importance of tactical datalinks (TDLs) at the strategic, operational,
and tactical levels. Delivering more data at
greater distance to an increasing number
of platforms and at speed is a complex
technological challenge, and operationally
critical. Such is the centrality of this issue

for Western navies that it is reflected in strategic-level documentation.
NAVPLAN STRATEGY
In his CNO NAVPLAN, published in January 2021, the US Navy’s (USN’s) Chief of
Naval Operations (CNO) Admiral Michael
Gilday set out the USN’s strategic direction
which included focusing effort and investment across the 2020s to deliver the naval
contribution to joint capabilities that will
be required into the 2030s.
CNO’s NAVPLAN underscored the role
of information-sharing technologies and
architectures in delivering effective communications. Indeed, it set the importance
of communications, the use of data, and the
role of networks and wider information
infrastructure against other USN strategic,
procurement, and operational priorities.
“Our operating concepts require platforms, weapons, and sensors connected in
a robust Naval Operational Architecture
(NOA) that integrates with Joint All-Domain Command and Control (JADC2). The
NOA is a collection of networks, infrastructure, data, and analytic tools that connects
our distributed forces and provides decision
advantage. Beyond recapitalising our undersea nuclear deterrent, there is no higher
development priority than fielding this
capability,” the ‘NAVPLAN’ stated. “We will
operate and defend the NOA as a warfighting platform to protect the flow of data and
gain a decision advantage for the joint force.
Taskforce Overmatch [the navy’s contribution to JADC2] will align resources and
expertise from across our force to field the
NOA in this decade. We can accept no delay.”
Adm Gilday’s reference to the NOA as a
warfighting asset to be fielded in this decade
underlines its critical strategic importance.
Its role in connecting sensors, platforms,
and weapons also underlines the importance of technology in sharing information.
Using information is a critical capability
in itself and in enabling use of other capabilities, CNO explained. “We must close the
kill chain faster than our rivals with a resilient web of persistent sensors, C2 nodes,
platforms, and weapons.” Such requirements are connected by data transfer using
TDLs and wider information networks. “We
will effectively apply modern digital and
information technology to allow us to make
better and faster decisions,” CNO noted.
Alongside the strategic-level impact,
the NAVPLAN demonstrated the importance of sharing data and information at

the operational and tactical levels. “We will
also expand our information and decision
advantage by persistently monitoring activities at sea in order to confront and expose
malign actors,” wrote CNO, adding that the
information domain would play a key role
in what he referred to as “the contest for
control of the seas”.
The US tri-service maritime strategy
published by the USN, US Marine Corps,
and US Coast Guard chiefs in December
2020 also reflected the NAVPLAN focus. Titled Prevailing with Integrated All-Domain
Naval Power, it underlined the importance
of using data. “Combining many informational inputs into a common, actionable
operational picture will enable our forces
to act more quickly and effectively than our
competitors,” the chiefs wrote. Underlining the role of communications and wider
information networks in underpinning the
use of such inputs, the strategy added: “The
naval service will accelerate delivery of the
next-generation NOA, composed of the Naval Tactical Grid, battle management aids,
data structures, and infrastructure that
underpin distributed operations. This network will be fully interoperable with JADC2
systems and will combine inputs into an
actionable common operational picture.”
Subsequently, CNO spelled out the key
aims and elements of delivering the coherent communications networks required to
enable effective use of information.
HYBRID FLEET
Regarding the key aims of this requirement,
“We have to put ourselves in a position of advantage, not only to command and control
a hybrid fleet of manned and unmanned
vehicles in the air, on the sea, and under
the sea, but also to put us in a position of
advantage with respect to decision making
against our key adversaries.” CNO told a
Washington, DC-based Defense Writers
Group event on 5 April.
Regarding the key elements in delivering this capability, CNO pointed to three
priorities. “One is resilience; the [second] is
capacity …. the third is agility.”
The USN’s contribution to the JADC2
concept will be delivered under Taskforce
Overmatch, CNO explained. He illustrated
this using the example of how commercial
smart phones offer the user different network choices, and then provide applications
to enable decision-making based on that
data, with this process allowing the user to
use information and make decisions as fast
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USN Chief of Naval Operations (CNO) Admiral
Michael Gilday talks to US Naval Postgraduate
School (NPS) staff and students in December
2020, discussing the latest NPS research and
experimentation with unmanned systems.

as possible. “What I’m looking to do with
Taskforce Overmatch is to take the existing
networks we have and create a ‘network
of networks’ where we can pass any data
over any network we choose,” said CNO.
“So, I can take tactical fire-control data I
would typically use … and I may transfer
that information via another network that
at the time the software decides is going to
be more resilient, is going to be faster.” “It’s
a better way to get the information from
sensor to shooter,” he added. This process,
CNO explained, would include automated
network selection.
As part of developing this ‘network
of networks’ capacity, CNO said the USN
through Taskforce Overmatch, led by Rear
Admiral Douglas Small (Commander, Naval
Information Warfare Systems Command),
would be hosting four technology ‘spirals’
in 2021, “each of them in increasing complexity, to tie together more networks and
more applications”. Beyond this, the plan
is to spiral these networks of networks and
applications into trials with a carrier strike
group (CSG) in the late 2022/early 2023
timeframe to test the networks onboard
operational ships and in the challenging
conditions of the maritime environment.
DELIVERING OVERMATCH
Speaking at the Surface Navy Association
annual symposium, held online in January 2021, Rear Admiral Small noted the
strategic context set out by naval service
plans (including the tri-service strategy) in
providing the operational and capability
context within which Overmatch is being
developed.

armadainternational.com - june-july 2021 55

US Navy

sea power

The Tactical Flag Command Centre onboard the USN’s Ford-class nuclear-powered aircraft
carrier USS Gerald R Ford, during an air-defence exercise in the Atlantic Ocean in April
2021. The USN’s Naval Operational Architecture concept is designed to integrate networks,
infrastructure, data, and analytical tools to enable the service to apply modern digital and
information technology to improve decision-making. (US Navy)

RAdm Small, whose command is responsible for designing, developing, installing, and supporting the navy’s networked
communications and information capability, said: “The idea of a connected navy and
our ability to network and share information across physical platforms, whether
it’s for sensor-to-shooter or C2, being able
to make decisions faster than any wouldbe adversary … is certainly clear in [USN]
strategy,” adding that “this idea of connectedness and the primacy of decision speed is
definitely something that runs through our
strategic documents.”
In delivering on this strategic intent at
the operational level, RAdm Small said the
aim of Taskforce Overmatch is to “really utilise our ability to connect our systems from
distributed platforms to our advantage”: to
do this, the USN will be “taking … to the next
level and beyond” the ability to connect
sensors to shooters.
RAdm Small highlighted the operational- and tactical-level roles of current and
future platforms within this networked
infrastructure. He underlined the need to
connect up current platforms, as they will
form a large part of the future navy. He also
underlined the importance of manned/
unmanned teaming in the integrated future
navy. “Physical platforms that will be
unmanned are going to be part of the navy:
they already are, and they will continue
to be – so we have to be able to get the very

most out of that.” In times of extreme crisis,
he added, “We have to be able to assuredly
command and control them.”
At the Defense Writers Group event,
CNO had underlined the networking challenge that unmanned systems generate. “As
you bring in more unmanned vessels, and
unmanned vehicles in the air, as you connect things to your networks, you’re going
to drive a need for more bandwidth – or a
judicious use of the bandwidth you have.”
TACTICAL LINKS
Enhancing existing and future capabilities also encompasses the contribution
of TDLs. Within the current strategic and
operational context, TDLs will be key in
enabling rapid, effective use of information.
Alongside navies, defence companies are
analysing the impact and integration of
TDL capabilities.
Curtiss-Wright Defense Solutions is one
company producing TDL systems and capabilities. In a technology White Paper published in January 2021, Brian Bass, director
of operational support, and Steven Horsburgh, director product management in the
company’s tactical communications group
noted: “The need for increasingly integrated
communications networks has become a
key objective of most navies over the past
few years. The rationale being that more
integrated networks will make it easier for
all naval assets to share tactical intelligence
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with each other and with other branches of
the military during any operation.”
In this context, they stated, “Interoperable TDL systems are essential components
of fully integrated communications on both
manned and unmanned naval platforms.”
“All naval command, control, and communications (C3) systems rely on TDL systems
and standards to either transmit, relay,
or receive critical tactical data that will
contribute to a common, mission-critical
view of surface, sub-surface, air, and space
environments.
“These systems enable tactical data to
be shared between operators in real time
on manned platforms, and they enable data
from unmanned platforms to be integrated
into the data stream to C2 stations.”
Mirroring both the number and mix of
naval, joint, and combined platforms connected in such networks, and the Taskforce
Overmatch focus on providing a ‘network of
networks’ from which the most usable connection can be autonomously selected, the
paper noted that “navies need a multitude
of varying TDL gateways, translators, and
support systems to enable interoperable
communications between personnel on
each ship, with other assets, and with C2
centres.”
The increasing complexity of the contemporary naval operating environment
is in turn increasing the complexity of systems required to operate there. This applies
to sensors and effectors, and the TDLs that
connect them. Bass and Horsburgh noted
two elements contributing to the complexity of naval TDLs: the increasing use of
sensors that collect and transmit a variety
of data; and the sheer volume of data to be
transmitted.
They highlighted a third issue – the
presence of multiple, different TDLs on a
single platform. Each TDL supports different communications needs, and brings
bespoke hardware/software, cabling, cryptography, and user interfaces, alongside
separate maintenance/training requirements. Each TDL also could be provided by a
different supplier.
“In the short-term, multiple TDLs are
a fact of life – due primarily to the high
cost of retrofitting, but also to the different
roles and data requirements and usage,”
Horsburgh told Armada International in
May. “However, as older TDL systems and
standards become obsolete, integrators and
developers must design solutions with high
interoperability as a focus.”

US Navy
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An MQ-9 Sea Guardian unmanned aerial vehicle flies above the Independence-class LCS USS
Coronado in the Pacific Ocean in April 2021, during the US Pacific Fleet Unmanned Systems
Integrated Battle Problem (UxS IBP) 21. The UxS IBP process is designed to integrate manned
and unmanned capabilities in challenging at-sea operational scenarios.

The White Paper also proposed introducing a more integrated approach to using
TDLs, to deliver a single, unified, communications infrastructure, with particular
focus on interoperable, plug-and-play
solutions.
The plug-and-play concept is not new:
however, Horsburgh noted there are new
components to it. “Today, plug-and-play
is more than just hardware and driver
compatibility. For modern TDLs, multi-TDL

interoperability is a critical component of
actionable information on the battlefield.
While it would be nice to have a ‘one-sizefits-all’ approach to TDLs, the role of the
different TDLs and the data they convey
means there will always (and should be)
multiple TDLs,” he explained. “The key is
to ensure that as much of the collection,
dissemination, and interpretation is as
seamless as possible. Automatic, intelligent correlation between the various TDLs

and the ability of the software to convert
multiple data streams into actionable
information is necessary to the speed and
accuracy of decision making.”
As regards developing TDLs that can
plug-and-play with each other and with
sensors and effectors, Horsburgh said
the next steps in such integration involve
setting up gateways between the various
TDLs, both hardware/signal communications and data communications. “While
hardware/signal gateways are straightforward to develop and deploy, next-generation gateways must use intelligent
algorithms to convey the meaning of the
different TDL information rather than
just ‘word-for-word’ translation,” he said.
“For example, mobile phones can communicate over Wi-Fi, 4G, and 5G, and through
global networks: so, the specific mobile
phone vendor is of not much importance
since they can all communicate. However,
the interpretation of data conveyed is
of paramount importance.” “Intelligent,
context-aware gateway translations are
critical for successfully sharing information from multiple TDLs,” Horsburgh
added.
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Counter-UAS

Pulse-Doppler, multi-mission, AESA radar have been a common technologies
introduced for the detection and tracking of UAS. It is particularly suited to
picking up moving targets, as well as, propellers and rotors. Here the RADA
radar is integrated on the US Army IM-SHORAD intended forward air defence.

C-UAS - SOLVING THE
DETECTION PROBLEM
Small unmanned systems are often difficult for engaged ground forces to detect - but help is at hand.

A

s we have seen in the UAV
section of this issue, the
increasing presence of
unmanned systems on the
battlefield and their widening
combat use has necessitated attention
to countering them. Unmanned aerial
systems (UAS) have grown from a handful
of expensive dedicated reconnaissance
platforms employed by upper echelons to
relatively inexpensive systems suitable for
tactical use down to the squad. Unmanned
systems in the form of the UAS have already
demonstrated their potential to alter
the conditions of the battlefield. Their
successful use against the Saudi oil facilities
at Abqaiq and Khurais, in the eastern

Stephen W. Miller
Ukraine, and against Armenian forces in
Nagorno-Karabakh has emphasised the
necessity of developing and deploying
effective countering systems.
Tactical UAS offer particularly unique
challenges. Those referred to as Group 1 and
2 being under 121 pounds (55 kilograms) and
operating below 3,500 feet (1,066 metres)
above ground level represent a new and
unconventional threat. Operating from
dispersed locations, in close proximity to
the battle, under direct control and often
hidden by the clutter of the surroundings
they are more difficult to detect and counter
using traditional air defence techniques
and systems. In fact, simply the difficulty of
being able to determine if a UAS is actually
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present is both a major advantage of the
drone and a principle challenge for ground
forces.
TACTICAL UAS
The nature of the Tactical UAS (TUAS)
complicates the process of detecting
and defeating them. This is especially
true for units forward on the battlefield.
Even individual combat vehicles have
limited means for addressing a TUAS if
encountered and supporting systems like
command and logistics have virtually
none. Exacerbating this is that there are
few forward air defence units capable of
engaging the TUAS and it is likely that
they will be committed to protecting more

CRFS

Counter-UAS

RFEye detects radio frequencies up to 8/18 & 40GHz utilising four or more networked nodes which then uses its 3DTDOA direction finding
technology to deliver precise latitude, longitude & altitude of any emitting targets including unmanned drones.

critical assets. This leaves much of the
battlefield force vulnerable to attention
by enemy unmanned systems without
means to deter them. In itself, this further
encourages their use and enhances their
effectiveness. A Ukrainian soldier reflected
to a correspondent covering the fighting in
the east of the country that “the constant
presence or even the possibility that a UAS
could be watching one’s every move quickly
becomes a constant concern. One begins to
assume that every action may be known and
act accordingly. It becomes a physiological
burden.”
Detecting UAS has become even more
difficult as the fixed wing UAS has been
increasingly replaced by vertical take-off
and landing (VTOL) UAS. Their relative
flight path unpredictability is a particular
problem. VTOL UAS, like the US Marine
Corps InstantEye also have the implicit
advantage of being able to operate without
need for either a separate launcher or large
open area as they can be launched from
more restricted and less conspicuous sites.
Recognising this increased flexibility UAS
developers are introducing hybrid designs
which combine fixed wing and helicopter
like rotor blades. Systems like the Russian
VTOL ZALA 421-16EV have both rotor
blades and fixed wings. This allows vertical
take-off, yet higher air speed and range,
factors which combine to make detection
more difficult.
Armed UAS or loitering munitions,
also referred to as Kamikaze drones, were

also used during the Armenian conflict.
Equipped with an explosive payload, IAI
Harop drones were essentially flown into
their target by Azerbaijani operators. Their
effectiveness was facilitated by the lack of
any counter-UAS (C-UAS) capability by the
Armenian army.
Russia’s Zhukovsky Air Force Academy,
together with Autonomous Aerospace
Systems – GeoService and Group Kronstadt
presented FLOCK-95 at Moscow’s
Interpolitex-2019 security exhibition.
Samuel Bendett, a fellow in Russia studies
at the American Foreign Policy Council
declared: “Russians think that this swarm
will be an effective weapon against hightech adversaries based on what they have
seen and learned in Syria”. The number of
drones and the possibility that coordinated
attacks could be received simultaneously
from multiple directions further
complicates the C-UAS challenge.
DETECTION
Detecting a tactical UAS is not simple
as their small profile, relatively quiet
flight, and ability to remain hidden by
surrounding terrain, vegetation and
buildings makes unaided visual detection
difficult. Radar offers the best practical
solution, with AESA (active electronically
scanned array) having proven the most
effective. Lee Dingman, president and COO
at Ascent Vision, explained: “Systems like
our RADA Multi-mission Hemispherical
Radar reliably provides an umbrella
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surveillance coverage out to 5-6km (3-4
miles) both while stationary and on-themove. Plus, they are compact and energy
efficient to be compatible for integration
on mobile platforms.” In fact, such systems
have been preferred in dedicated C-UAS
currently being introduced such as the
MADIS (Marine Air Defence Integrated
System) and US Army IM-SHORAD from
Leonardo DRS.
Doppler radars are well suited to
detecting UAS as they are able to track
moving objects and can discard static
objects which could be false targets.
Systems like the EVIRA, a Frequency
Modulated Continuous Wave (FMCW) from
Robin Radar Systems in the Netherlands
are mini-doppler radars. These are able
to specifically detect speed differences
among moving objects which is particularly
relevant to UAS that use some version
of propellors. In addition, as the radar
is always sending and receiving, it offers
accurate and fast tracking with quick
update rates, all critical to finding and
tracking an agile target like a UAS that is
able to quickly drop out of sight.
Acoustic detection, determining
the presence and bearing of a UAS by its
sound signature, is being introduced as
well. This capability may be included as an
added feature in ‘shot’ or gunfire detection
systems on vehicles. Where a number of
acoustic detection and alerting systems
are present within a unit or around a site
they can be networked. Comparing the

bearing of the detection from several
systems allows triangulation thereby
providing the precise location of the UAS.
The microphone arrays do not depend
on the size of the drone, but rather on the
sound of the propeller. This means that
they can effectively offer both detection
and recognition, determining whether it is
drone or not, and then track it. The latter
may be refined through accessing a digital
library of UAS acoustic signatures to even
identify the specific type. This information
then offers details on the capabilities of the
threatening UAS, allowing a determination
as to the capabilities and best counter to
each UAS.
The use of optical systems, including
both high resolution colour and thermal
heat sensing infra-red cameras, are already
a component of many counter-UAS
systems. They are integrated to provide a
positive identification of the target detected
by another search medium. An optical
sight is generally also the preferred aiming
method for engaging hostile UAS. For
these applications, the optical devices by
necessity have greater magnification and
limited field-of-view (FOV).
Infra-red Search and Track (IRST)
which continuously scan and detect
heat-signatures have also shown promise,
certainly as a surveillance and search
system, and increasingly for recognition
and identification as well.
IRST systems like the HBH Infrared
Systems Spynel-X series have already
been successfully demonstrated in
perimeter surveillance conditions. These
continuously rotate around 360 degrees
scanning a vertical FOV of between 5-20
degrees depending on the model. The
mid-wave IR focal plan array detects the
heat signatures of everything in its FOV.
Comparing the scene of each rotation,
which can be as fast as two scans per
second, the system is able to detect new
heat signatures. Repeated sensings provide
a track and through signature filters a
confirmation of a potential threat. Once
alerted, the operator can access the video
image to verify that it is a UAS or other
intrusion requiring further action. The
advantage of infra-red systems such as
Spynel is that they is fully passive, of
compact size, and provide alerting and
targeting for a range of threats, not
just UAS.
RF (radio frequency) detection and
signal direction finding has proven an

Meteksan Defense

Counter-UAS

Portable detection radar
such as the Retinar FARAD, developed by Meteksan
Defense, are optimised for
tactical use against mini/
micro unmanned aerial
vehicles and threats from
land.

effective passive detection approach for
fixed or stationary sites, such as airfields,
where RF receivers can installed. Dr. Jon
Bradley, vice president sales at CRFS, a
leader in RF detection systems explained:
“Our RFeye uses three or more receivers
connected to omnidirectional antenna
placed in spatially separated network.
Using TDOA or Time Difference Of Arrival
it is able geolocate in 3-dimensions RF
transmissions.” This allows not just
the accurate locating of the drone but
potentially the drone control station as
well. The later is invaluable in offering
an additional, and particularly effective
additional option in defeating the UAS.
Identifying where the operator of the
UAS may be located in combat situations
allows the site to be engaged by either
indirect or indirect fires. In a more benign
environment, it could open the opportunity
to physically capture the operator and their
equipment. Both cases offer greater return
than simply downing the UAS platform
itself.
RF detection and ranging, previously
less practical for tactical use, is feasible
as CRFS provides a system with manportable or vehicle mounted common
sensors. Bradley explained: “Four or
more sensors networked will detect, track
(including altitude and speed) and identify
(including target type) in 3D and do so
entirely passively.” As RFeye collects from a
broad RF spectrum, analysis of its collected
data could also have other signals related
applications such as counter-artillery, C2
location, SigInt, and electronic warfare.
CLASSIFICATION AND
IDENTIFICATION
Detection of a ‘sighting’ then requires

confirmation that it is in fact a valid potential
target. Referred to as Classification and
Identification, the focus is on determining
that the object is in fact a UAS and not a
false alarm. Although the advanced nature
of detection filters are quite efficient in
eliminating naturally occurring false
targets like birds there is always the need to
determine ‘friend or foe’ or simply confirm
what response is needed or best. In a tactical
scenario, this is currently undertaken
through visual identification using day
and/or thermal imaging systems. Having
an accurate bearing or location facilitates
acquiring the potential target since generally
positive identification can require higher
magnification meaning a narrower fieldof-view. For vehicle mounted C-UAS, the
hand-off between detection and acquisition
can be automated allowing more rapid
execution of the target identification. For
dismounted, particularly handheld C-UAS,
acquisition and identification can be
hampered by the complexity of the view of
the surroundings and limits of handheld
optics. Field experience has shown that
positive identification of a small UAS by the
unaided eye at a sufficient distance where
action can be taken is questionable
at best. Even high resolution optical systems
are challenged given the necessary high
magnification ;thereby limiting the FOV.
As CRFS’s Dr. Bradley shared: “a successful
C-UAS effort requires detection and reliable
target confirmation at as great a distance
as possible to provide sufficient time to
effectively respond.” The ideal C-UAS
incorporates detection, identification,
and both aerial platform and its controller
location and does so rapidly, thus, allowing
for selection and execution of the most
appropriate defeat action.
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UK SHOULD
SURF EUROPE’S
WIDEBAND WAVE

Dr. Thomas Withington

D

espite leaving the European
Union (EU), the United Kingdom’s (UK) armed forces will
still need to talk to their European counterparts during
coalition operations.
The British government’s recent Global
Britain in a Competitive Age publication
outlined the country’s strategic priorities
post-Brexit. It proclaims a commitment
to the continent with the UK promising to
“demonstrate to our allies in Europe, and
beyond, that they can always count on the
UK when it really matters.” The country remains “deeply invested in the security and
prosperity of Europe,” with an “unequivocal” commitment to European security.
It is all but unconceivable that the UK
will be militarily involved in a major crisis
in the European theatre or further afield
unilaterally. The quantities of data flying
around the battlefield places a premium on
wideband communications. During coalition operations it is vital that deployed land
forces can exchange torrents of data across
the armies of different nations to ensure
robust situational awareness and command
and control.
This is the intention of the pan-European ESSOR (European Secure Software
Defined Radio) programme involving
Belgium, Finland, France, Germany, the
Netherlands, Italy, Poland, Portugal and
Spain with Estonia and Ireland participating as observers. ESSOR is developing
an Ultra High Frequency (225 megahertz/
MHz to 400MHz) one megabit-per-second
wideband waveform for the tactical radios
of these nations and others. Once outfitted
with the ESSOR waveform an Armée de
Terre (French Army) tactical radio could establish a wideband connection with its Heer
(German Army) counterpart using the same

waveform. ESSOR sources told the author
in 2020 that the waveform will be operationally ready in the 2022/23 timeframe.
The UK should join ESSOR. Brexit has
left doubt in some significant quarters of
the EU’s polity over the depth of the UK’s
commitment to the continent. Joining the
programme would send a strong message
regarding this commitment while affording
the British Army an important networking
tool.
Despite having left the EU, the UK could
still join ESSOR. The country is part of the
Organisation Conjointe de Coopération en
matière d'Armement (OCCAR: Organisation
for Joint Armament Cooperation). This organisation manages European collaborative
defence programmes. ESSOR is one of its
undertakings. Nonetheless, the programme
has received some funding through the
European Commission’s European Defence
Industrial Development Programme
(EDIDP). The EDIDP helps fund selected
pan European defence projects. As the UK
is outside the EU, but inside OCCAR, the
legal aspects of joining the programme as a
non-EU member would need to be ironed
out, according to Nicola Saracino, ESSOR’s
international programme manager at
OCCAR.
Assuming these are resolved, the UK’s
National Armaments Director (NAD) would
need to send a letter to their counterparts
in the existing ESSOR nations requesting to formally join ESSOR’s Framework
Memorandum of Understanding, Saracino
continued. The UK would have to explain
its business case for joining. This would
need approval from the existing ESSOR
participants and then OCCAR’s Board of
Supervisors, the ministers of defence of
OCCAR’s members, would ask the organisation’s executive administration comprising
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OCCAR’s individual programme divisions
to integrate the UK into ESSOR.
The UK would be expected to participate industrially although Saracino said it
could initially participate as an observer
or join with limited involvement. Beyond
the operational benefits the UK would gain
“the industrial benefit would be to acquire
leading-edge know-how on how to ensure
interoperability in the field,” said Saracino.
Moreover, by participating in ESSOR the
UK would get a say on how the programme
develops in the future.
Joining the programme would show
that the UK’s commitments to Europe as
outlined in Global Britain are not hollow
promises: “Participation might be also a
strong positive political signal to the EU
after Brexit,” Saracino added. It would
simultaneously reaffirm the UK’s NATO
commitments. The uncertain future of
NATO’s Coalition Wideband Networking
Waveform (COALWNW) initiative means
that ESSOR could emerge as the standard
NATO wideband waveform for coalition
operations. As more countries join ESSOR
it would make sense for the UK to follow suit
if it is to retain its position as a major NATO
contributor. At present, the UK is “the only
OCCAR member state not participating in
ESSOR,” Saracino observed. A Ministry of
Defence (MoD) source shared with Armada
that the UK is monitoring NATO’s interest
in ESSOR and that “Interoperability with
our allies and partners is a core component
of our future soldier vision.” Joining ESSOR
would help show that British commitment
to multilateralism extends beyond eloquent
phrases in glossy brochures. Prime Minister
Boris Johnson is a supposed scholar of
Shakespeare. He should know the importance of gestures rather than “words, words,
words” as Hamlet said to Polonius.
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