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Definitions

An agreed vocabulary regarding different classes of uninhabited aerial vehicles has so far proved elusive, with

an array of sometimes confusing terms and often a lack of clarity regarding their use. The below list attempts to

describe some of the most common terminology:

collaborative combat aircraft (CCA)
A term that has been adopted by the United
States comparatively recently. CCA has not
been adopted in Europe, though similar
concepts are being explored in support of
crewed combat aircraft developments, which
differentiates it from UCAV; sometimes
referred to as a remote carrier (RC) by France
and autonomous collaborative platform
(ACP) by the United Kingdom.

drone
A popularly used term for any kind of air
vehicle without an onboard pilot and launched
and — for the most part — recovered like a crewed
aircraft. A killer drone or kamikaze drone has
a warhead and is used to attack a target, which
makes it comparable to a guided munition.

first-person view (FPV) uninhabited aerial

vehicle (UAV)
An uninhabited aircraft controlled remotely by an
operator supplied with a first-person perspective
via onboard cameras.

one-way attack UAV (OWA UAV)
The preferred term of the US and its allies to
describe direct-attack and loitering munitions.

remotely piloted air system (RPAS)
A remotely piloted aircraft and the associated

ground station.

remotely piloted aircraft (RPA)
The term used by the Royal Air Force and the US
Air Force rather than “‘UAV’ to emphasise human
control and undermine the popular narrative of
the killer robot/drone.

uninhabited aerial vehicle (UAV)
Still perhaps the most widely adopted term within
the user community for an air vehicle without an
onboard pilot; also often referred to as ‘unmanned’,
but “‘uninhabited” and “uncrewed’ are growing
in usage, with “aerial’ and “air’ used interchange-
ably. Early generations of UAVs were required to
be flown from a ground station with the control
commands input by the pilot remotely. The flight-
control element of UAVs is increasingly automated,
with the pilot now more of a mission commander.

uninhabited aircraft system (UAS)
A complete system consisting of a control station,
payload data links, mission payloads and one or
more UAVs.

uninhabited/unmanned combat air system (UCAS)
A term used at times interchangeably with
UCAV. In a narrow sense, it refers to the air vehi-
cle and the associated ground infrastructure.

uninhabited/unmanned combat air vehicle (UCAV)
A jet-powered, comparatively high-speed design,
often with low-observable characteristics. A term

sometimes used simply to describe an armed UAV.
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Executive Summary

Uninhabited combat air systems have, in one guise or
another, appeared on the brink of service entry for more
than two decades, but to date they have never quite
transitioned from a developmental to an operational
capability. This may be about to change, along with con-
siderations about the roles and the kinds of platforms to
be pursued. This paper will use “uninhabited combat air
system’ generically as a broad term, while ‘uninhabited
combat air vehicle’ (UCAV) is used to reflect specific
projects or national usage of the language.

The initial UCAV concepts of the late 1990s and early
2000s broadly resembled a crewed combat aircraft,
minus the crew, and were envisaged to perform the same
or similar roles. To some extent, this still holds true and
the term ‘UCAV’ remains in circulation. But the UCAV
idea more recently has also been broken down into capa-
bility families, such as the United States” Collaborative
Combat Aircraft (CCA); Australia’s and the United
Kingdom’s Autonomous Collaborative Platform (ACP);
and the planned French-German-Spanish remote car-
riers (RCs), which have also fulfilled envisaged UCAV

roles for some countries. As these names suggest, these
families are seen as operating in concert with, or in some
cases being operated from, crewed combat aircraft in
executing a mission or combat task.

Several US allies are also pushing to introduce unin-
habited combat air systems into service around the end
of this decade. This paper provides a snapshot of devel-
opments in Australia, France, Germany, Italy, Japan,
Sweden, Turkiye and the UK as each country explores
its needs and considers requirements.

Recent thinking on uninhabited combat air systems
has been spurred by the return of the risk of peer or near-
peer conflict and the demands of operating in a highly
contested air environment. Indeed, real-world experi-
ence and uninhabited aerial vehicle (UAV) vulnerabil-
ity to ground-based air defences are influencing tactics,
techniques and procedures to manage threats. The sec-
ond part of this paper examines these in the light of cur-
rent wars and the impact on UAV survivability. In the
case of larger in-service systems, simply using these at

greater stand-off ranges is one approach being adopted.
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Introduction

Technical triumph followed by acquisition apathy per-
haps best describes the fate so far of what are sometimes
still called uninhabited combat air vehicles (UCAVs).
Indeed, the ‘U’ in the acronym might as well have
stood for unwanted. Multiple development efforts have
led to flying demonstrators, but they have proven to
be procurement cul-de-sacs. But as UCAVs have been
rebadged under multiple monikers, a clear road to ser-
vice entry may finally be opening.

For the sake of clarity, this paper uses UCAV
where the projects have generally been described as
such, with the term ‘uninhabited combat air system’
used generically.

Australia, China, France (leading a group of
European countries), Russia, Turkiye, the UK and the
UShave at some point over the past 20 years flown what
can be described as full-scale UCAV demonstrators.
None have entered service. Meanwhile, the UCAV’s
originally unarmed companion, the medium-altitude
long-endurance (MALE) UAYV, is now nearly ubiqui-
tous in modern armed forces. Introduced in an intel-
ligence, surveillance and reconnaissance (ISR) role,
MALE systems are today as often armed with a variety
of air-to-surface guided munitions or short-range mis-
siles. This has led to such platforms sometimes also
being described as UCAVs. While understandable,
badging armed ISR UAVs as UCAVs has broadened
the popular conception of the equipment category and
created such terminological confusion that “‘UCAV’ has
lost nearly all its distinctiveness.

This paper will consider the development trajectories
of uninhabited combat air systems, still often referred to
as UCAVs, their descendants, as well as medium-sized
UAUVs. It will not to any great extent discuss smaller
UAVs, other than to recognise their utility and their per-
vasiveness. The US will feature to the degree that it has
been and remains at the vanguard of the UCAV. But the
paper’s focus will be on UCAV developments in several
European and Asia-Pacific countries, particularly their

approach to developing and introducing into service

classes of combat-capable uninhabited systems dedi-
cated to being operable in contested and highly con-
tested air environments. Since the US, at least for now,
remains the world’s leading air power, its thinking and
development trajectories have informed and sometimes
shaped allied the activity of its allies.

The paper will also review how these European and
Asia-Pacific countries view the future of MALE UAVs in
the ISR and wider roles as the operational environment

becomes more contested.

Language Barriers
An agreed

vocabulary regarding uninhabited/
uncrewed/unmanned air/aerial vehicles eludes the
military user community and industry. In the popular
world, they are all drones, or sometimes killer drones
and sometimes kamikaze drones.

The decades of fluidity in nomenclature, however, is
more than a lexical curiosity. It reflects not only an array
of confusing terms, but also a search for clarity regard-
ing the use of combat-capable uninhabited systems in
the air domain, the types and mix of platforms required,
and how they would operate or be operated.

A 1998 US Navy paper dryly commented:

Over the past several years there has been stead-

ily increasing interest and activity in the area of

pilotless systems that could do more than sur-
veillance. These putative systems have appeared
under various names: Weaponized Unmanned

Air Vehicles (WUAV); Tactical Unmanned Aerial

Vehicle (TUAV),

(UTA); Uninhabited Air Vehicles (UAV); ... Lethal

Unmanned Vehicles (LUV); Lethal Uninhabited

Combat Air Vehicles (LUCAV);

Aerial Vehicles (UAV, again);

Maneuvering Air Vehicle (UMAV).!

Confusion, unsurprisingly, was sometime the outcome.

Unmanned Tactical Aircraft

Unmanned

Unconstrained

The term UCAV had begun to enter common usage
from the mid-1990s. In 1996, the US Air Force (USAF)
Scientific Advisory Board's study, New World Vistas,
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used the term to describe a class of air vehicles that
would complement crewed combat aircraft.” By the
late 1990s, Lockheed Martin was using the language
to describe an air vehicle ‘whose primary purpose is
air-to-ground strike against targets’.> While such a
description would also cover armed UAVs, further
UCAV attributes proposed by the company included
low-observable characteristics, medium-to-high-speed
and a comparatively large payload. For the purposes
of this paper, an uninhabited (unmanned) combat air
vehicle (UCAV) will be used for the most part as a
near-redundant term referring to low-observable, jet-
powered, comparatively high-speed designs with an
internal weapons bay. The UCAV term found broad
favour for around a decade with the US and those
European countries looking at similar technology. By
2003, however, the US had re-badged separate USAF
and US Navy Defense Advanced Research Projects
Agency UCAV projects as the Joint Unmanned Combat
Air System (J-UCAS).

France launched the Dassault-led nEUROmn in 2003,
labelled as a UCAV. A year later, the UK launched
the BAE Systems Taranis unmanned combat air sys-
tem demonstrator. Like their US counterparts, neither
nEUROn nor Taranis led to a combat vehicle produc-
tion programme. In the US, the ]-UCAS nomenclature
was dropped in 2010 in favour of Unmanned Carrier-
Launched Airborne Surveillance and Strike (UCLASS).

New attempts to re-badge the technology emerged
in the later 2010s. In the UK, ‘uncrewed combat aircraft’

and ‘loyal wingman’ were used to describe a variety of

A Northrop Grumman X-47B on board the USS George H.W. Bush
in 2013. The X-47 was part of the earlier J-UCAS programme.

(Seaman Apprentice J. Michael Smevog by DVIDS)

concepts. The latter was adopted in 2019 to describe an
Australian project also known initially as the Boeing
Australia Airpower Teaming System (ATS). The ATS
became the MQ-28 Ghost Bat, which, as of early 2024,
was being developed for the Royal Australian Air
Force (RAAF) and used as an experimental platform
by the USAF to support research into what the service
dubs Collaborative Combat Aircraft (CCA).

In 2022, the US launched a study into the use of
fifth- or

sixth-generation aircraft ... in a Collaborative Combat

‘uncrewed aircraft operating alongside ...

Aircraft approach’.* At around the same time, the UK
began to use ACP to describe a family of systems that
would be used in combination with crewed platforms.
The ACP is also being used by the RAAF to describe
the MQ-28. France and Germany from 2019 adopted the

term ‘remote carrier’ (RC) to describe a similar concept.

Failure to Fly

If the language around uninhabited combat air develop-
ments has so far remained fungible, the list of potential
roles has stayed mostly consistent. The November 1996
New World Vistas study identified the following roles:
attacking fixed and/or moving targets; jamming; suppress-
ing enemy air defence; and air-to-air.> Also on the 1996
list were counter weapons of mass destruction (WMD)
and theatre missile defence (TMD), two roles that more
recently appear to have been of less near-term interest in
using the air vehicle to engage in flight such targets. With
the exception of the WMD and TMD capacities, the roles
identified by the advisory board, or a subset of those roles,
have continued to inform the thinking of the US and its
allies. The envisaged roles, however, shared the failure to
move from demonstrators to operational systems.

In 2000, the US Senate Armed Services Committee
suggested that an ‘initiative to expand the use of such
(uninhabited) technologies would allow the Department
of Defense to aggressively pursue and field remotely
controlled combat systems with this goal: within 10
years one-third of U.S. military operational deep strike
aircraft will be unmanned”.®

Twenty-four years later, none of the United States’
deep-strike aircraft are uninhabited, excluding the pos-
sibility that some likely exquisite capability could reside

in the US classified realm.
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Over-optimism about technology, cost, conservatism
and geopolitics proved a potent brew in quenching any
early US thirst to introduce uninhabited combat air sys-
tems into broad service. And where Washington trod,
its similarly interested allies followed. When the armed
services committee noted the “challenges that the United
States will face in the new millennium are diverse —new
threats, new battlefields, and new weapons’, multiple
terrorist attacks on US soil with mass casualties likely
did not figure. Less than two years later, the al-Qaeda
atrocities of 11 September 2001 fundamentally reshaped
US thinking on security, with Washington embarking
on military campaigns that would last the next 20 years.

MALE UAVs were early and sustained beneficiaries
of these multiple ‘wars’. Interest in arming the General
Atomics MQ-1 Predator predated the 11 September
attacks, with the first test shot of a Lockheed Martin
AGM-114 Hellfire missile carried out on 16 February
2001.7 Within the year, the MQ-1 would be used in the
first combat shot of the AGM-114 in Afghanistan. The
US move to arm what had previously been only an ISR
asset, albeit a valuable one, inevitably spurred broader
interest in acquiring or developing such a capability.
What it did not do was to turn ISR MALE UAVs into
uninhabited combat air systems, or, in the parlance of
the period, UCAVs.

US-led invasions of Afghanistan and Iraq would
— after initial victories — result in sustained counter-
insurgency campaigns that would ultimately fail to
meet their early aims. The violence on the ground
was not replicated in the air. Instead, the air envi-
ronment was, with very few exceptions, highly per-
missive, with only a limited threat to air operations.
Small-arms fire and rocket-propelled grenades were
the primary concern. Pursuing an advanced low- or
very low-observable uninhabited combat air system
rapidly became a lesser priority than immediate needs
such as combating the threat to ground forces posed
by improvised explosive devices.

As the US became increasingly embroiled in
Afghanistan and during the early years of its 2003
invasion of Iraq, its UCAV programme suffered from
all-too-common procurement ailments: increased
requirements, cost inflation and disagreement on

needed capabilities. J-UCAS needed to provide a

bomber-class platform, according to some in the USAF
and US industry, able to operate within an enemy’s
integrated air-defence system (IADS). The Taliban’s
TADS', however, could be defeated by simply fly-
ing above small-arms fire or the possible threat of a
man-portable missile. Russia’s armed forces had been
mauled in two wars in Chechnya in the 1990s and
remained starved of funding in the early 2000s. China
was nearly two decades away from emerging as a gen-
uine peer rival. An exquisite, and therefore expensive,
very low-observable and comparatively large UCAV
was a capability that far outpaced any near-term threat.

Amongst the closest US allies, uninhabited combat air
fared little better. In the early 2000s, the UK Ministry of
Defence had been looking at a UCAV as part of a pos-
sible force mix under the banner of the Future Offensive
Air System (FOAS).® FOAS was shelved in 2005, to be
replaced with the Strategic UAV (Experiment).” This in
turn gave rise to the Taranis demonstrator. The simi-
lar nEUROn demonstrator programme, led by France,
included Greece, Italy, Spain, Sweden and Switzerland.
A Franco-British effort to explore development of a
UCAY, begun in 2012 under the auspices of the 2010
Lancaster House Treaties, had unravelled by 2018." In
the US, the 2007 demise of J-UCAS was succeeded by
the US Navy’s UCAS-D, the UCLASS in 2010 and the
Carrier Based Aerial Refuelling System. The perceived
limited threat environment and the lack of peer or near-
peer rivals contributed to undermine such requirements.

What emerged out of the Carrier Based Air Refuelling
System is the Boeing MQ-25A Stingray. Anticipated to
reach an initial operating capability in 2026 with the
US Navy, it will initially neither be an ISR nor a strike
platform.!! Stingray will enter service with an air-to-air

refuelling role, albeit with an internal weapon bay.

Enter the CCA

The USAF continued during the early 2010s to
explore the potential of uninhabited combat air capa-
bilities, but without any near-term commitment. The
Remotely Piloted Aircraft (RPA) Vector 2013-2038
roadmap for next-generation systems included
the MQ-X or strike RPA, as well as using the term
‘loyal wingman’.”? In 2016, the Air Force Research

Laboratory (AFRL) issued a request for information
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for a Loyal Wingman demonstrator.”* Key to this con-
cept was the closer operation — though not necessarily
physically — of crewed and uninhabited systems.

The AFRL work may well be viewed in retrospect as
the programme that marked when uninhabited combat
air systems began to move out of the science labs and
onto the flight line.

In 2022, the USAF Scientific Advisory Board solicited
a study to examine potential concepts of operation and
employment for uninhabited combat air systems ‘oper-
ating semi-autonomously in a Collaborative Combat
Aircraft (CCA) approach’. While this study hung mainly
on the peg of the Next Generation Air Dominance
(NGAD) family of future air-to-air and multi-role plat-
forms, CCAs are also viewed by the USAF as support-
ing crewed aircraft already in service.

It is no coincidence that the two future combat air-
craft development projects that have emerged from
Europe - the French-German-Spanish Future Combat
Air System (FCAS) and the British-Italian—Japanese

The crewed element of the Global Combat Air Programme,
known in the UK as Tempest, is being designed to operate with
autonomous collaborative platforms.

(IISS copyright)

Global Combat Air Programme (GCAP) — also include
uninhabited adjuncts. And, like their US counterpart,
these uninhabited platforms will be used in combina-
tion with aircraft already in service.

The re-emergence of a peer threat, smaller air forces,
and a recognition that mass has an inherent value are
contributing to the renewed impetus to introduce unin-
habited combat air platforms. There is, of course, a dif-
ference in scale between the programmes of the US and
its allies, which may result in differing risk tolerances
for operating in highly contested airspace. But they

share fundamental drivers.

MALE Concerns

Contested air space is a forcing factor for the USAF’s
CCA developments, as well as those of Washington’s
allies, but it is also a challenge to the present genera-
tion of MALE UAVs. Recent wars, including Russia’s
full-scale invasion of Ukraine, have not only under-
scored the utility of uninhabited systems in their many
guises, but also their vulnerability to ground-based and
airborne air defence. None of the MALE UAVs now in
service were designed for the threats they are liable to
confront in a contested environment.

In the near term, fielded systems will benefit from
the addition of defensive aids to provide some degree
of self-protection, while concepts of operation could be
modified to improve survivability. Longer-range sensor
payloads would also contribute to this.

The current generation of MALE UAVs will continue
to be useful in operations other than war and in envi-
ronments with a limited air-defence threat. Ensuring
their survivability in a highly contested air environ-
ment, however, is a challenge.

Their utility could be improved by measures
such as generating a subset of MALE ISR platforms
designed from the outset for signature management,
perhaps based on some of the same airframe designs
that emerge to meet CCA or ACP requirements.
Alternatively, the option of employing a greater num-
ber of attritable or even single-use platforms may be
explored. More likely is that a variety of air-vehicle
designs and system architectures will be adopted and
built within a wider ISR capability, potentially includ-

ing geospatial assets.
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1. The Shifting Landscape of Uninhabited

Combat Air Systems

Uninhabited systems, firstly in the ISR role and then in
the arming of such platforms, are an accepted element
of air power. Uninhabited combat air systems in the
guise of UCAVs, however, have yet failed to reach air-
force inventories. Emphasis in the US has shifted from
stand-alone UCAVs to CCAs operating more coopera-
tively with crewed platforms, with several CCA air-
vehicle classes envisaged. US allies are taking a broadly
similar approach.

The emerging concepts of operation for uninhab-
ited combat air systems differ from previous broad
approaches to UCAV systems, where the technological
and operational emphasis was generally on independ-
ence from crewed aircraft. It is perhaps no coincidence
that the word ’collaborative’ is used by Australia, the
UK and the US in the terms used to describe their ongo-
ing CCA and ACP programmes.

Australia

The first military aircraft designed in Australia for over
half a century was the result of a proposal from Boeing’s
local subsidiary toward the end of the 2010s. Under the
banner of ‘Air Force Minor Program DEF 6o014: Loyal
Wingman’, 11 of the MQ-28 Ghost Bat uninhabited com-
bat air systems are being acquired by the RAAF. The
last three should be delivered by the end of 2025, which
will conclude the present programme.

Australian ambition in the uninhabited arena was
apparent in the National Defence Strategy (NDS) and the
complementary defence-investment plan."* Technology
applicable to uninhabited systems was also one of areas
identified in Pillar II of the Australia-UK-US (AUKUS)
defence-technology accord. Pillar II offers a menu of
defence-technology areas of interest, one of which is artifi-
cial intelligence and autonomy."* The form that this ambi-
tion eventually takes, and Canberra’s capacity to fully
achieve its goals, will only become apparent over time.

The country already has had one false start in field-
ing an uninhabited system with the RAAF. In 2018,

the Australian Department of Defence said it intended

to acquire between 12 and 16 General Atomics MQ-9
Reapers as the core element of Project Air 7003. The
in-service date was the mid-2020s, but the project was
cancelled abruptly in April 2022 and the funding real-
located. The decision took the RAAF by surprise.'®
Aside from the lease of three Israel Aerospace
Industries Heron 1 UAVs during 2009-17, Australia has
never operated a MALE UAYV, unarmed or otherwise.
This changed with the delivery in July 2024 of the first
of four Northrop Grumman MQ-4C Tritons for ISR.”
Given Australia’s lack of industrial experience in
developing UAVs, the ambition of the Ghost Bat pro-
ject is all the more apparent. While Boeing’s Australian
subsidiary could draw on its parent company’s con-
siderable experience in designing and manufacturing
uninhabited platforms, the Australian government’s
aim was also to use the project to develop domestic

capacity within the supply chain.

The Spectre of Requirements

The RAAF, as with the other air arms considered in
this paper, faces a lack of combat mass in addressing
an increasingly demanding security environment. Like
Japan, its primary regional concern is China, with North
Korea a lesser but still worrisome challenge. The air
force has a fleet of 24 Boeing F/A-18F Super Hornets and
63 Lockheed Martin F-35A Lighting II fighter ground-
attack aircraft.’® The order for 70 F-35As is nearly com-
plete, though ambitions to purchase an additional
squadron are currently shelved.” The air force is also
extending the service life of the F/A-18F to 2040, a dec-
ade longer than previously planned.” It will begin to
explore options for a successor to this type, likely begin-
ning in 2025.' The F-35A is an obvious candidate, but
delaying the F/A-18F replacement also provides the air
force with other choices, such as the GCAP. The crewed
element of the USAF’s NGAD programme should also
be in production, but its format and whether it will be
available for export remains open to question. As with

the other air arms considered in this volume, the RAAF
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is exploring the introduction of uninhabited combat air
systems to complement and supplement its current and
future crewed combat aircraft.

NDS investment priorities include ‘continued
investment in uncrewed and autonomous systems,
including CCA like the MQ-29A Ghost Bat, provid-
ing a potentially asymmetric surveillance and strike
capability’.*> The NDS was published on 17 April
2024 and followed the 2023 Defence Strategic Review.
The government released its Integrated Investment
Program the same day. This sets out Canberra’s
defence-spending priorities during 2024-34. The
10-year programme is ambitious in scope, but it is
dependent on planned yet unapproved investment.
This includes AUD4 billion—5 bn (USD2.64 bn—3.3 bn)
for ‘uncrewed air systems’.?

The MQ-28 is already providing a valuable devel-
opmental tool for the RAAF as it explores the potential
requirements and roles for CCAs. Acquisition volume,
however, remains a challenge for the RAAF, as it does
for other medium-sized air powers. Do the require-
ments justify a scale of procurement that keeps the unit
cost affordable? Part of the Australian approach has
been to explore whether there is also US interest in the
MQ-28, or a capability to use the MQ-28 as the basis to
develop another system. An MQ-28 was provided to the
USAF in 202223 for evaluation and in 2024 the US Navy
also began to work with the CCA. While the USAF tests
were carried out in the US, the navy sent personnel from
one of its test-and-evaluation squadrons to Australia to
learn how to fly the MQ-28.% It is clear that the MQ-28
will help inform Australian thinking. It is less clear what
will happen beyond the presently planned elements of

the programme.

France, Germany and Spain
France, Germany and Spain are partners in the European
FCAS. The project includes a considerable uninhabited
element to support the crewed combat aircraft, the New
Generation Fighter (NGF). Berlin and Paris, however,
have not always been in lockstep on uninhabited com-
bat air system development, and indeed there continue
to be differences.

Germany did not participate in the French-led
nEUROn UCAV demonstrator, instead eventually

supporting several domestic projects, including the
low-observable UAV testbed. Paris plans to build on the
nEUROn and introduce an uninhabited system to sup-
port the F5 variant of the Dassault Rafale.® This more
aggressive schedule to introduce such a capability is
also increasingly being supported by some military per-
sonnel in Germany.

Dassault began to explore UCAV technology at the
end of the 1990s with the AVE LogiDuc project spawning
the Petit Duc, the Moyen Duc* and, eventually, the Grand
Duc. The Grand Duc was the largest and was intended
as a path to providing a UCAV for the Rafale. It was also
the basis for a wider European programme, although it

was never built.?”

Franco-British Divide

France unveiled the nEUROn programme in 2003, with
Greece, Italy, Spain, Sweden and Switzerland to eventu-
ally join as partners.”® The nEUROn demonstrator flew
for the first time on 1 December 2012 and by the end of
2022 the low-observable demonstrator had logged over
170 flights. The tests included the release of weapons
from the internal bay. As part of the defence-industrial
programme resulting from the Franco-British Lancaster
House agreement, the two partners agreed to work on
an uninhabited combat air system under the banner of
FCAS. The programme would draw on nEUROn and
the UK Taranis.? Development of an air vehicle was
due to begin in 2017, with a demonstrator to be flown
in 2025. Technology-access issues, including national
sensitivities about low-observable techniques, along
with industrial and political issues, resulted in the pro-
gramme fizzling out in 2018.

The UK’s 2016 decision to leave the European Union
complicated Franco-British defence-industrial relations.
By 2017, France and Germany were in discussions over
what was to be known as the FCAS Next Generation
Weapon System (FCAS-NGWS).

Germany’s first foray into the field of uninhabited
combat air systems was in the early 2000s, with the
jet-powered Barracuda technology demonstrator. After
a 4o-month development, the Barracuda flew in April
2006.% The prototype was lost on the second flight that
year. Testing of the design only resumed in 2009 and

continued until the mid-2010s.%"
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The Barracuda tests included sensor-to-shooter
and sensor-data fusion tests, in which a crewed air-
craft simulating a ground moving-target indicator-
equipped UAV handed over targets to a Barracuda.*
When the project concluded, the development team
was already contemplating manned-unmanned team-
ing (MUM-T) concepts.

The demonstrator did not result in an operational
design or an immediate follow-up project drawing on
the system’s technologies. However, Airbus engineers
stress that Barracuda was the basis for the company’s sub-
sequent work on the Eurodrone ISR UAV and FCAS.®
In addition to its technological contributions, Barracuda
played a pioneering role in UAV cooperation between
Germany and other European countries. Barracuda itself
was a German-Spanish cooperation project, with Spain

responsible for building the UAV’s ground segment.*

FCAS's Remote Element

A 2017 joint declaration by French President Emmanuel
Macron and German then-chancellor Angela Merkel
marked the launch of the FCAS.* Along with the NGF,
the programme encompasses the family of uninhabited
systems dubbed remote carriers. RCs are broadly com-
parable to the CCA or the ACP categories.

The largest of these flies under the ‘Loyal Wingman’
banner, with the others being categorised as heavy,
medium or light RCs. This family includes varying
degrees of attritability and expendability. Test flights of
two classes of RC, one of which is at least in the heavy-
weight category, are planned for 2029. Ultimately, FCAS
is slated to achieve operational status by 2040.%

FCAS-technology development is structured into
seven technology pillars. France and Dassault are lead-
ing the NGF, while Germany and Airbus are responsi-
ble for the uninhabited pillar. Airbus is responsible for
the development of RC, with MBDA as a main partner.”

Both Germany and the broader FCAS programme are
still in an exploratory phase regarding the exact compo-
sition of FCAS’s unmanned component and the trade-
offs between capability, survivability and the costs of its
various elements. Although no final decision about the
composition of the RC segment has been made, a basic
division of labour has emerged, with Airbus focusing

on heavier and reusable RCs and MBDA Germany

concentrating on lighter, expendable RCs. Both compa-
nies are working on demonstrators.

The October 2024 Trinity House Agreement on
defence cooperation between Berlin and London also
includes work on uninhabited systems ‘that could
operate alongside our fighter jets.”® How such poten-
tial cooperation could be accommodated alongside the
wider French-German-Spanish FCAS project is yet to
become clear.

Airbus first revealed a conceptual mock-up of
a medium-sized RC with foldable wings in 2019.%
Multiple renderings depicted the same design being
air-launched from an Airbus AgooM heavy transport
aircraft, tasked with sensing, jamming, and deploying
munitions from an internal weapons bay. The AgooM
could carry 12 heavier RC or up to 50 smaller RC.*°

In 2022, the company unveiled a graphic depict-
ing what appeared to be a larger modular wingman
RC capable of being equipped with nose sections for
air-to-air, air-to-ground and electronic attack. The dia-
gram also illustrated potential options of effectors for
the wingman RC, including two unspecified jamming
pods, two Meteor air-to-air missiles, two GBU-54 aerial
bombs, four Spear-EW electronic-warfare (EW) weap-
ons and two light RCs capable of being carried in an
internal weapons bay.*

While Airbus Spain is leading the FCAS stealth
pillar, Airbus Germany has conducted R&D on low-
observable technology that could eventually find its

way into the company’s RCs. In 2019, it showcased a

UK Secretary of State for Defence John Healey (I) and Germany's
Defence Minister Boris Pistorius after signing the Trinity House
agreement on 23 October 2024.
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low-observable UAV testbed and revealed that it had
worked on the classified national project since 2007.*
Reportedly, the testbed was used to explore the effec-
tiveness of low-observable design against wideband

and low-frequency counter-stealth radars.*

Airbus MUM-T
While developing the conceptual foundations of FCAS,
Airbus also took steps to test manned-unmanned teaming
technologies by using available UAVs as RCs surrogates.*
These tests were followed by exercises of incremen-
tally increasing complexity. In the 2021 Timber Express
data link exercise, surrogate RCs engaged in basic team-
ing with a crewed fighter jet. A Eurofighter pilot was
tasked with directing two surrogate RCs to conduct
reconnaissance missions using EO and EW sensors.*
In 2022, Airbus took another step forward, conduct-
ing a MUM-T test in what it described as Europe’s first
large-scale MUM-T exercise under near-operational
conditions. The exercise involved five Do-DT25s act-
ing as surrogate RCs, a Learjet serving as a surrogate
fighter aircraft, a simulated fighter aircraft and an
H145M helicopter.* Also in 2022, Airbus, the German
armed forces and the German Aerospace Centre con-
ducted a successful air launch of a surrogate RCs from
an A4ooM transport aircraft. Connectivity was estab-
lished between the A4ooM and the surrogate RCs, with
control later handed over from the A400M to an opera-

tor on the ground.*”

MBDA Goes Remote

MBDA Germany serves as the main partner for Airbus
in the FCAS RC pillar and as the main entity respon-
sible for the development of light, expendable RCs. So
far, the company has unveiled two design mock-ups:
the smaller RC100, which appears to be under 2 metres
long, and the larger RC200.#* Newer renderings by
Airbus and MBDA also show a distinct third light RC
design.* Reportedly, EW configurations will be the first
priority for the programme.™ In the future, the lighter,
expandable RC could be used to serve as EW and recon-
naissance assets as well as decoys and kinetic effec-
tors, or as a mix of these. Expendable RCs will also be
designed in a modular fashion with the ability to config-

ure basic RC types for various missions.*!

Launch and recovery, if necessary, of MBDA'’s
expendable designs is still to be explored fully. In theory,
these expendable RCs could be deployed from a range
of platforms, including crewed and uninhabited aerial
assets, ships, submarines and land vehicles.”> MBDA
has already proposed a ground-launched version of its
RC100, branded as the Joint Fire Support Missile (JFS-M),
to meet Germany’s long-range fires requirement.®® The
JES-M is anticipated to have a range of up to 500 km.*

MBDA'’s decision to use an RC derivative for a
ground-based long-range fires system reflects its belief
that the boundaries between cruise missiles and aerial
vehicles are becoming increasingly blurred.® Although
MBDA is developing RC for networked operations
within FCAS, the company has stated that the RCs
themselves are platform-agnostic and could be inte-
grated into various platforms.>

In 2022, Germany made the decision to purchase 35
Lockheed Martin F-35A Lightning IIs to replace some of
its ageing fleet of Tornados, with the first aircraft slated
for delivery in 2026.%” Since then, Luftwaffe officials have
made it clear that they intend to integrate the system into
FCAS. A German Federal Ministry of Defence official
declared that the F-35 would be the “first part of FCAS’.%
The F-35A Block 4 variant set to be acquired by Germany
has undergone significant improvements in comput-
ing power and boasts advanced data links, making it
a capable potential platform for MUM-T operations.
However, there are lingering questions regarding the
system’s integration into FCAS that have sparked scepti-
cal commentary from both German and French industry
stakeholders. Airbus Defence and Space CEO Michael
Schoellhorn raised concerns, stating that the F-35’s soft-
ware was a black box and criticising the US for being slow
or unresponsive in granting permissions to communicate
with the jet.* Dassault CEO Eric Trappier remarked that

the F-35 was ‘only interoperable with itself’.®°

An Expedited National Timeline for RCs?

Russia’s full-scale invasion of Ukraine on 24 February
2022 marked a turning point for Germany’s security
policy and defence posture. While homeland and alli-
ance defence had already been identified as a key
task for Germany’s armed forces in 2016, the invasion

shifted the Russian threat from an abstract possibility
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to a tangible and immediate danger recognised by
the broader public, the political establishment and the
German armed forces.®" The pressing need to enhance
German military capabilities in response to this threat
not only led to the allocation of a special EUR100 bn
(USD109 bn) fund for bolstering German military capa-
bilities, but also prompted a fast-tracked procurement
decision and process for the F-35.

Current plans envisage FCAS-NGWS becoming oper-
ational by 2040.¢ Trappier suggested the 2050s is more
likely.®® However, even without delays, 2040 would only
represent the beginning of FCAS operational deploy-
ment, with additional time required before a substantial
force of NGFs and RCs becomes fully operational.

In the wake of Russia’s invasion of Ukraine and the
protracted timelines for NGWS to become operational,
there have been growing calls to expedite RC and team-
ing development to deploy a MUM-T capability before
the introduction of the NGF. In 2023, MBDA observed that
while the various FCAS pillars were progressing in tan-
dem, the RC pillar could potentially reach maturity before
others, should a political decision be made in this regard.®
Similarly, the Eurofighter consortium has indicated that
the teaming-capable Eurofighter-LTE could be operational
five to ten years earlier than the NGWS system.®®

The most explicit call for an accelerated RC time-
line has come from the Luftwaffe. In a 2023 interview,
Luftwaffe chief Ingo Gerhartz asserted that “we can have
remote carriers out of that project much earlier’ and that
‘we need to have it much, much earlier’.®® Gerhartz also
expressed his service’s interest in finding partners for
the acquisition of UCAVs or loyal wingmen, noting
that France had been pursuing such a capability on a
national level through the nEUROn programme.®’

While there are few confirmed details, some reports
have indicated that an electronic combat wingman
(ECW) could be a key focus of expedited RC introduc-
tion efforts. A 2023 Luftwaffe presentation included
an ECW as an RC connected to the Eurofighter EK, a
new dedicated EW upgrade of the aircraft set to achieve
NATO certification by 2030.% According to comments
made by the Luftwaffe at the event, the ECW was still in
the very early stages of concept development and it was
still undecided whether the ECW would serve as a RC

for the Eurofighter EK or a standalone asset.”

At the ILA Berlin Airshow 2024, Airbus showcased its vision of
how a wingman developed as a national project alongside FCAS
could look.

(Sean Gallup via Getty Images)

At the ILA Berlin Air Show 2024, Airbus showed
a conceptual design for a wingman. The mock-up
unveiled at the show envisaged a large, low-observable
design capable of achieving high transonic speeds
with a modular layout that can be customised for
various missions. A ‘clean’ tailless configuration, rely-
ing entirely on internal weapons bays to maximise
low observability, was suited for initial operations in
highly contested environments. For subsequent opera-
tions, after an adversary’s defences have been suffi-
ciently degraded, a second ‘bomb truck’ configuration
with tails and external hardpoints was designed to
maximise payload capacity.

MBDA Germany, for its part, has ambitions to
develop an expendable RC outside the FCAS frame-
work. Also at the Berlin airshow, the company unveiled
the RCM? (RC multidomain multirole effector), which is
expected to be equipped with both electromagnetic and
kinetic effectors. The design draws from many of the
technologies developed for the Taurus KEPD-350 air-
launched cruise missile and a demonstrator was report-

edly successfully tested in 2023.

Sweden

Courted by Germany and the UK as a potential partner
in rival next-generation combat air programmes, Sweden
opted for London. Stockholm was the third partner with
the UK and Italy in jointly exploring future combat air
needs.”” What Sweden discovered, however, was that its

requirements and timelines did not match those of its
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nascent partners. It withdrew from what was to become
the GCAP and by 2024 was re-examining future require-
ments regarding uninhabited complements to crewed

combat aircraft.”!

Timing Issues

Using uninhabited adjuncts along with crewed plat-
forms is not in question. Rather, it is the types, tasks
and timing of their introduction that are being evalu-
ated further. Sweden, unlike the three GCAP partners
— Italy, Japan and the UK - has also comparatively
recently funded development of a new variant of a com-
bat aircraft, the Saab JAS-39 Gripen E. This version of the
Gripen will only begin to enter service with the Swedish
Air Force in 2025.” The political optics of seeking addi-
tional funding for a crewed combat aircraft programme,
while supporting development of a major upgrade of
the JAS-39, may have proved difficult. The Swedish par-
liament gave the go ahead for the Gripen E in 2012, with
the Swedish Air Force slated to take delivery of the first
of 60 production-standard aircraft from 2025.”

The UK and Sweden signed a memorandum of
understanding in July 2019 to jointly explore combat
air needs, but Stockholm had shelved any involve-
ment by mid-2022."* The Swedish government had
begun a national study to consider combat air needs
in 2021, and industry was awarded further prepara-
tory work in 2024 covering an initial two-year period.”
Additional follow-on work, still unfunded, would
cover the 2026-30 period. As part of the wider project,
Swedish defence aerospace company Saab is exploring
potential demonstrators.”

As with the other countries considered in this paper,
Sweden recognised that what the US does will inevita-
bly have an influence beyond simply acting as a forcing
factor for NATO and allied states. Furthermore, when
it entered into a bilateral agreement with the UK in
2019, Sweden was not a NATO member, nor had Russia
embarked on a full-scale invasion of Ukraine. Changed
national circumstance and the worsening security envi-
ronment may have fed into Stockholm’s thinking on its
combat air requirements. Not pursuing participation in
GCAP has opened the decision space for Sweden, but
any outcome will be a mix of crewed and uninhabited

combat air platforms.”

Unlike its two erstwhile partners, the UK and Italy,
Sweden has never operated a MALE UAV. The first two
operate versions of the General Atomics MQ-9 Reaper.
Like the UK, however, Sweden has carried out R&D
into uninhabited combat air designs, including sub-
scale demonstrators and as a participant in the French-
led nEUROn UCAV demonstrator. Paris and Stockholm
agreed to cooperate on a demonstrator in 2003, with
Saab signing a participation deal with Dassault that
year.”® Saab manufactured the centre body section of
the nEUROn, including the internal weapon bay. Flight
testing of the air vehicle included using the Vidsel range
in northern Sweden. Involvement in nEUROn built
on R&D work, including the flying innovative low-
observable unmanned research (FILUR) project.”” This
was aimed at verifying radar signature-management
techniques. FILUR was complemented by the Swedish
highly advanced research configuration, which explored
increasingly automated flight system software and hard-
ware.® The latter project began in 2001, with flight tests
of sub-scale airframes from 2002. FILUR flew for the first
time in 2005.8

In keeping with the eventual European nEUROn
partners, Sweden did not immediately pursue intro-
ducing an uninhabited combat air system into service
following its participation in the programme. Rather, it
was eventually to look to its bilateral relationship with
the UK and its interest in London’s FCAS as a means of
further exploring uncrewed requirements. Stockholm'’s
interest in the FCAS appears to have been primarily
in the uninhabited realm, while London’s emphasis
was, and is, on the development and introduction of a
crewed combat platform. The diverging interests may
also have contributed to Sweden’s decision to revert
to a national exploratory project, rather than to further

cooperation with the UK.

Revisiting Needs

Saab still uses the FCAS moniker, as do France and the
UK, as an umbrella term to cover multiple develop-
ment strands including those related to uninhabited
combat air systems. As part of a 24-month study, Saab
is considering what kind of demonstrators it would
seek to pursue from 2026 as part of a government-

funded programme.*
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The company has already explored an aerodynamic
configuration for what it termed a loyal wingman. Unlike
most CCA/ACP concepts, the Swedish design was for
a supersonic system. Testing of a wind-tunnel model
began in December 2021.% The twin-fin configuration
included an upper-body mounted intake, while a vari-
ety of wing planforms were also considered before set-
tling on a double delta. The low-observable design also
included internal weapon bays. The envisaged primary
role for the design was for beyond-visual-range (BVR)
air-to-air combat. This echoes USAF thinking on CCA,
where there has been increasing emphasis on provid-
ing an uninhabited air-to-air capability to complement
and support crewed combat aircraft. Sweden’s Defence
Research Agency also previously examined this concept
in 2010, with a notional UCAV interceptor capable of 1.5
Mach and able to carry four BVR air-to-air missiles.*

Saab released an image of a notional uninhabited
combat air system in May 2024 that appeared to share
some features with a 2016 next-generation crewed
combat aircraft concept, though the former was a tail-
less design. The low-observable design was illustrated
alongside a JAS-39, at least suggesting that uninhab-
ited supersonic concepts remain of interest. Part of the
Swedish programme will look at the kinds of capa-
bilities uninhabited combat air systems will offer as a
complement to crewed aircraft. They are not being con-
sidered as a direct alternative.

As with the other projects considered in this paper,
the nature and extent of what is sometimes referred to
as tethering’ is of considerable interest to Stockholm.
Tethering is best thought of in terms of connectivity
and tasking and not physical proximity. Crewed and
uninhabited systems operating in concert, potentially
with the former having tasking oversight of the latter,
may well be separated by tens to hundreds of kilome-
tres. Once tasked, an uncrewed system would autono-
mously carry out the mission. Unsurprisingly within
Sweden’s concept programme for a future fighter sys-
tem, autonomy is one of the areas of focus within tech-
nology development. Alongside working on concepts of
how uncrewed combat air systems would be integrated
operationally with crewed platforms, there is the need
to build trust concerning how the uninhabited systems

will perform reliably.

Turkiye

Turkiye, a comparatively recent and successful player
in the UAV arena, is also developing more surviv-
able, jet-powered UAVs with low-observable features,
which have the potential to eventually serve as UCAVs
or CCAs. How many of these ambitious plans actually
reach fruition is yet to be seen.

Turkish Aerospace Industries (TAI) is working on
the Anka 3, a jet-powered subsonic flying wing design
which had its maiden flight in 2023.% Reportedly, TAl is
also developing a supersonic twin-engine variant of the
Anka 3, using domestically produced turbofan engines.®

The Anka 3 is designed to be adaptable for a range
of missions, including ISR, air-to-air, air-to-ground and
as a communications relay.®” TAI has stated that its pri-
mary role will be as a deep-strike platform for contested
environments. To support this mission, the UAV will be
equipped with stand-off weapons, such as the SOM-]
cruise missile and various glide bombs.®

The Anka 3 is also central to Turkiye’s development,
led by TAI of a teaming concept referred to as the
autonomous wingman concept.”’ It will be capable of
carrying two jet-powered Super Simsek RCs, which can
function as decoys and kinetic effectors and can carry
electronic support measures or EW payloads. These car-
riers will be controlled by the Anka 3. The Anka 3, in
turn, is planned to perform teaming operations along-
side Turkiye’s future TF Kaan fighter jet and the Hiirjet
trainer/light attack aircraft, with a primary focus on
suppression of enemy air defences (SEAD) and destruc-
tion of enemy air defences (DEAD) missions.”

A separate Turkish CCA/UCAV programme is being
developed by Baykar with the Kizilelma, which had its
first flight in 2022.” Since then, two additional proto-
types have been introduced, with the latest reportedly
representing the final design intended for production.”
The current Kizilelma-A is a subsonic design with low-
observable features and the ability to carry both internal
and external weapons. Baykar has announced plans for
future versions, including the supersonic Kizilelma-B
and the larger, twin-engine Kizilelma-C.%*

Like the Anka 3, the Kizilelma is designed for ISR,
ground attack and air-to-air missions. ASELSAN has
announced that Kizilelma will use its domestically devel-

oped active electronically scanned array radar, which
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is also slated for integration with modernised F-16s,
the TF Kaan fighter and the Akinci and Anka 3 UAVs.*
Additionally, press reports indicate that the Kizilelma
will feature ASELSAN’s Karat-100 infrared search and
track system and the Toygun-100 electro-optical target-
ing system (EOTS).”

While the Kizilelma has performed simple forma-
tion flights with the Akinci, and Baykar has expressed
ambitions to integrate elements of artificial intelligence
for both air-to-air and air-to-ground missions, details
regarding its potential teaming and collaborative usage
remain limited.” According to a Turkish industry offi-
cial, Kizilelma could eventually be integrated into TAI's
autonomous wingman concept to team with the TF Kaan
fighter. However, current teaming efforts are focused
on the Anka 3 and Siiper Simsek.”

A further element of the Kizilelma programme is
its development as a carrier-based UAYV, intended for
use alongside Bayraktar TB3s aboard Turkiye’s Anadolu

amphibious assault ship.”

UK, Italy and Japan

The UK released its Defence Drone Strategy in February
2024, with the short document intended to provide
the Ministry of Defence’s latest thinking on uninhab-
ited systems.” It was followed by the more granular
ACP Strategy from the Royal Air Force (RAF).! ACP
is the air force’s preferred language in describing the
kinds of uninhabited systems it is looking to acquire or
develop. If the strategy is adhered to and adequately
funded and staffed, it will herald key capability shifts
for the RAF.

The ACP strategy identifies three broad classes of
air systems: Tier 1, which are considered to be suit-
able for single or few missions and disposable; Tier
2, which are attritable; and Tier 3, which are surviva-
ble.!?! Capability and cost rise with the tiers. The trip-
tych is reminiscent of a near-two-decade-old approach
to categorising uninhabited systems promulgated
in the 2005 Defence Technology Strategy. Using the
language of the day, ‘unmanned platforms” were put
into three bands. “Unmanned air systems’ were con-
sidered to have a similar capability to crewed combat
aircraft in the same roles, medium-sized systems were

similar to the General Atomics MQ-1 Predator, and

small systems were able to be man-portable. Where it
departs is in the conception of Tier 1 systems, some of
which inhabit the space between traditional guided-
weapons and uninhabited systems. Tier 1 will likely
include air vehicles similar to those now described as
one-way attack (OWA) UAVs.

The RAF also appears keen to avoid the use of the
loyal wingman tag, in part because it can be seen as mis-
leading. ACPs will almost certainly never be flown in
close formation with a crewed platform, but they will
instead be operated tens to hundreds of kilometres in
front of, or around, the latter class of aircraft.

Affordable mass and the capacity to deliver effects in
highly contested air space while accepting greater levels
of risk now underpin the air force’s thinking on unin-

habited systems.

Downsizing
Eight years on from the Defence Technology Strategy,
the UK flew a dedicated unmanned combat air-system
demonstrator, the BAE Systems Taranis, in August
2013.” The result of more than a decade of R&D into
uninhabited systems and low-observable technologies,
it still did not lead directly to a programme aimed at
service entry. Instead, London looked to its defence
relationship with Paris and the 2010 Lancaster House
agreement as the route with which to pursue what it
described as an UCAV under the banner of the FCAS
project.'® While Anglo-French uninhabited efforts
would come to naught, the two erstwhile partners con-
tinued to use FCAS to describe national projects.'®

A long-range low-observable uninhabited plat-
form was identified as a potential candidate for the
RAF’s FOAS almost 30 years ago. The FOAS project
succeeded the RAF’s Air Staff (Target) 425 for a Future
Offensive Aircraft, a programme begun in the early
1990s to identify a successor to the air force’s Panavia
Tornado GR4.' The 1996—97 shift in nomenclature
from FOA to FOAS widened the aperture for replace-
ment platforms from crewed aircraft to a force mix
that could include crewed and uninhabited aircraft
and long-range cruise missiles.!” The notional target
date for an FOA/FOAS entry into service was 2015,
but in 2004 the FOAS programme was dropped.'” The

uninhabited element was replaced by the Strategic

16 The International Institute for Strategic Studies



UAV Experiment, while by 2005 any crewed combat
aircraft project beyond the acquisition of Eurofighter
Typhoon and the Lockheed Martin F-35B Lighting II
had been shelved.!%®

The following year also saw the launch of the Taranis
project, described at the time by the government as “tar-
geting the development and sustainment of key indus-
trial expertise in the aerospace sector’.'” As important a
driver as any operational need was the maintenance of
a national capacity to design low-observable combat air
platforms. Key to this in the 1990s was the BAE Systems
Testbed low-observable airframe demonstrator. Though
not intended to be flown, the airframe was a full-scale
low-observable design using representative materials
to explore and confirm national capabilities to develop
a crewed successor to the Tornado. It also provided
London with something to show the US in discussions
between London and Washington over gaining tech-
nology access on participation in the US Joint Strike
Fighter. Toward the end of 2004, the UK also signed up
to participate in elements of the United States” J-UCAS
under Project Churchill '® Taranis may at the outset have
been seen as also offering evidence to the US of British
national capabilities.

The Taranis was flown in August 2013 using the
Woomera test range in Australia.'"! This was followed in
January 2014 by the launch of the Franco-British FCAS
feasibility study."* By 2016, the two nations were plan-
ning to invest EUR2 bn for the demonstrator phase cul-
minating in a technical review in 2020. Two years later,
however, the joint programme had in effect collapsed,
with cost and diverging operational requirements con-
tributing to its demise.""* More broadly, the UK’s 2016
decision to leave the EU had complicated defence-
industrial cooperation and soured relations.

Next to emerge was the Lightweight Affordable
Novel Combat Aircraft (Lanca).'* Multiple expressions
of interest were received by the Ministry of Defence for
what was to become known as Project Mosquito, includ-
ing from BAE Systems, Blue Bear, Bombardier with
Northrop Grumman, and MBDA. Following a downse-
lect, the Bombardier Northrop Grumman proposal was
picked. The effort, however, was terminated in June
2022, with indications that cost may have contributed

to the decision.'

Mosquito reflected the challenges and trade-offs
between cost and survivability. The more expensive the
baseline platform, the greater the need to try to ensure
its survivability. This then drives very high-end signa-
ture management requirements, increasingly capable
sensor suites, stand-off range weapons, and advanced

levels of automation or semi-autonomous operation.

Collaborative Thinking

Lanca, even with the cancellation of Mosquito, was
indicative of RAF thinking. While Taranis and the
Franco-British FCAS were intended to address very
high-end capabilities, the radar and infrared signa-
ture performance requirements of the UK design were
demanding. With Lanca, there was a shift away from
exquisite high-end systems, which would only likely be
affordable in small numbers, to a more mix-and-match
approach. This was fleshed out in the ACP Strategy.
The capability driver remained the need to operate in
a contested or highly contested environment against
a peer or near-peer rival. What was changing was the
approach to meeting this challenge. Not least was the
ability to provide adequate mass to supplement the
comparatively small number of crewed combat aircraft
now in the air-force inventory.

In the near-to-medium term, the RAF focus outlined
in the strategy document is on Tier 1 and Tier 2 ACPs.
The immediate goal for Tier 1 is to field a ‘disposable
ACP’, while a Tier 2 “attritable ACP will form a criti-
cal component of the RAF’s Combat Air Force mix’ by
2030. A Tier 2 class platform is probably notionally
like a low-to-medium capability US CCA. Within both
tiers, ACP designs would reflect either single-role or
multi-role systems.

Operational analysis cited in the strategy document
suggested that Tier 1 ACPs would have utility in attack
roles, as would Tier 2 ACPs.""® The latter, furthermore,
would have value in roles such as SEAD, ISR, airborne
early warning and active air defence. In the case of active
air defence, this type of role would require a high-end
Tier 2 or Tier 3 capability. The strategy flags one use
of an ACP as providing protection for what is termed
a high-value airborne asset (HVAA). HVAAs include
tanker and large ISR platforms as well as airborne early-

warning aircraft. Using one or more exquisite ACPs to
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act as escorts or as a screen for an HVAA would free
up crewed aircraft for other missions. It would be less
cost effective, however, to take the same approach in
providing counter-air support to equipment such as the
Lockheed Martin F-35 Lightning II.

Remake, Remodel

While the ACP Strategy laid out the top-level ‘why’
and ‘how’, it did not discuss the ‘what’. In other
words, it did not identify any uninhabited systems or
manufacturers as being considered for Tier 1 or Tier
2 applications. BAE Systems, however, has already
adopted the ACP language for designs that would
rest within Tier 2 and potentially Tier 1, depending
on where the capability and performance boundaries
are drawn. The manufacturer has an obvious stake in
how the service pursues the strategy since ACPs are
part of the RAF’s FCAS and BAE is the UK lead for
the Tempest next-generation combat aircraft within the
GCAP. The RAF intent is to avoid business as usual
regarding design, development, procurement, opera-
tion and maintenance.

The strategy is clear that the traditional procurement,
operation and support models need to be discarded
because they are, in effect, not fit for purpose when it
comes to ACPs. The goal is to ‘onshore’ programmes
where possible and encourage and nurture small
and medium-sized enterprises to develop, or further
develop, interest in the ACP sector. The litmus test will

be in the delivery.

The BAE Systems ACP concept foresees this class of air vehicle being
used for multiple roles, including electronic- and surface-attack.
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The 2005 Defence Industrial Strategy claimed that
UAV R&D carried out between the Ministry of Defence
and BAE Systems ‘pioneered a range of agile project
management techniques, an absolute focus on key objec-
tives, a fast-decision-making process, and rapid proto-
typing and engineering. This approach, which we are
keen to use more widely, has significantly cut the time
in which new ideas can be realized and demonstrated’.

Almost 20 years later, the RAF has revisited these
themes with its ACP Strategy, suggesting that few gained
prolonged traction within the Ministry of Defence.

The decades-old model for combat air systems pro-
curement — an extended period of design, development,
testing, military certification and weapons integra-
tion — is ill-suited to the uninhabited realm, arguably
excluding very high-end systems, and increasingly so
given the pace of change in key areas of technology. The
RAF’s Pizookie project took around five months, includ-
ing the design and manufacture of an airframe, nearly
all 3D-printed. While the air vehicle was a far cry from a
crewed combat aircraft, it was indicative of what can be
produced at pace and at a small fraction of the cost. The
capacity to produce quickly systems at volume, poten-
tially to replace those lost in combat operations, will also
require changes in approach within the defence ministry
and industry. The ministry may need to fund production
capacity that would only be used in time of war.

The military safety-certification demands of crewed
aircraft are stringent and prolonged, but nearly all of
them could be irrelevant to an ACP depending on the
operational model adopted. It is at least conceivable
that some of the ACP designs the RAF will acquire will
either be flown only in military-range airspace during
peacetime or will be operational models only flown
during a war. The extent to which real-world training
needs to be carried out between crewed aircraft and
ACPs has yet to be determined, but simulation will play
a significant and likely dominant part. Occasional flight
testing might be required only periodically to provide

continued confidence in system performance.

Global Commons?
That the crewed combat aircraft that emerges from
GCAP will be operated in conjunction with uninhab-

ited platforms is a given. What remains to be seen is
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whether London, Rome and Tokyo will also jointly pur-
sue uninhabited air systems as part of GCAP, but for
the moment at least, these are separate.

The RAF, like all the other air forces in this paper,
is mulling operational concepts that would best exploit
the potential of uninhabited systems operated in con-
cert with crewed combat aircraft, both in the near and
longer term. While the air force is confident that Tier
2 ACPs will operate in collaboration with Tempest, the
human role in this operation is still to be determined.
This includes whether a Tempest pilot will have over-
sight of the ACP and the ability to task the system or
alter its tasking. How the air force can best control or
manage Tier 2 ACPs also remains an open question.

The UK’s GCAP partners, Italy and Japan, also

have plans to operate uninhabited combat platforms

along with crewed combat aircraft. Rome and Tokyo’s
plans, however, would appear to be at an earlier stage
of development. Japan has begun to explore modelling
and simulation of ACP or CCA-like air vehicles in com-
bination with crewed combat aircraft but, unlike either
London or Rome, has not been involved in the devel-
opment of large demonstrators in this area. Japan has
been a late adopter of uninhabited air systems and has
only recently begun to attempt to more broadly expe-
dite their acquisition and adoption.

Italy has greater experience than Japan in the devel-
opment and operation of uninhabited systems. Like the
UK, it is a General Atomics MQ-9 Reaper operator, while
it also has a national UAV manufacturer in Leonardo. It
was an early participant in the French-led nEUROmn, but

it opted out of further participation.
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2. From Permissive to Contested:

MALE Implications

The emergence of near-peer, high-intensity conflict as a
challenge facing Western militaries poses questions for
UAV designs that reached maturity during operations
with permissive air environments. Even in theatres more
aligned with their original mission concepts, MALE
UAVs now face increasingly contested environments,
primarily due to the proliferation of low-cost, capable
air-defence systems among various armed groups.
Lessons offered by the ongoing Russian war in
Ukraine and conflicts in the Middle East suggest that,
without changes to tactics, techniques or procedures or
the introduction of defensive aids as part of the mission
payload, the current generation of MALE UAVs are vul-
nerable when operated in contested air space. As valu-
able providers of ISR, managing the threat to MALE

UAUVs, therefore, is of growing importance.

Vulnerability Curve

The trend toward vulnerability has been notable in
Yemen. From 2015 to 2022, a Saudi-led Arab coalition
intervened in the country’s civil war and Saudi Arabia
and the United Arab Emirates (UAE) made extensive use
of MALE UAVs. These included the Chinese CH-4, Wing
Loong I and Wing Loong II and the Turkish Vestel Karayel.
The Ansarullah (Houthi) movement assembled ground-

based air defences relatively early on, using existing

A CASC CH-4 UAV on display during the 2014 China International
Aviation & Aerospace Exhibition.

(Brent Lewin/Bloomberg via Getty Images)

pre-war Yemeni Armed Forces surface-to-air missile
(SAM) systems, such as the 2K12 Kub (RS-SA-6 Gainful),
and adapting air-to-air missiles, such as the R-2yR
(RS-AA-10A Alamo), R-73 (RS-AA-11A Archer) and R-77
(RS-AA-12A Adder) for surface-to-air use."” These were
soon complemented by Iranian-made systems, most
notably the 358 missile, a jet-powered loitering SAM
designed explicitly for use against MALE UAVs.'8

This arsenal has shown limited effectiveness against
combat aircraft, but it has proven effective against
MALE UAVs. The Houthis claim that the coalition lost
at least 33 MALE UAVs to a combination of enemy
action, technical failures and accidents.!”” Houthi claims
are often inaccurate and it is likely that the actual num-
ber of shootdowns is lower than claimed by the group.
Video evidence, however, of MALE UAV engagements
released by the group suggests that coalition UAV
losses were substantial.'

Houthi success in downing MALE UAVs extended
beyond the Saudi-led coalition. Following the Hamas
attack on Israel on 7 October 2023, the Houthis
launched a major campaign against merchant shipping
in the Red Sea, which prompted limited Western inter-
vention. During this campaign, the Houthis claimed
to have shot down 11 US-operated General Atomics
MQ-9 Reapers (as of 30 September 2024) and released
at least five shootdown videos purportedly showing
these engagements.'?! US officials have acknowledged
some of these losses, with a September 2024 press
report stating that the group had downed or damaged
about half a dozen MQ-9s.'>

Iran has also supplied 358 missiles to Shia militia fac-
tions in Iraq.'® In January 2024, a US MQ-9 crashed in
central Iraq, with an umbrella group of Iraqi Shia mili-
tias claiming responsibility for the shootdown.!**

In Lebanon, Hizbullah, Iran’s closest ally among non-
state actors, received both 358 missiles and the medium-
range Sayyad 2C system.'® While Hizbullah failed to
shoot down any manned Israeli aircraft, it appears to

have succeeded in downing several MALE platforms,
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including Hermes goo and Hermes 450.'* Israel has
adopted a relatively unusual approach to enhancing the
survivability of its MALE UAVs by using ground-based
SAMs to intercept Hizbullah’s SAMs.*”

Another non-state actor increasingly capable of chal-
lenging MALE UAV is the Kurdistan Workers” Party
(PKK) active in Iraq, Syria and Turkiye. Beginning in
2024, the PKK released several videos claiming to show
the downing of Turkish Anka, Aksungur, TB-2 and Akinci
MALE UAVs.'”® Around the same time, press reports
indicated that Iran had supplied counter-UAV systems
to the group, with several sources speculating about a

transfer of 358 missiles.'”

The Turkiye Experience

Turkiye, along with the US, has widespread experience
with UAV operations in conflicts where the airspace was
contested to some extent. This has influenced develop-
ment, tactics, techniques and procedures. Its UAVs have
seen use in Libya, Nagorno-Karabakh, Syria and most
recently, Ukraine.

In February 2020, Turkiye launched Operation Spring
Shield to halt Syrian government advances into rebel-
held Idlib and bolster Turkish-supported rebel control in
the province. Over seven days of intense ground and air
operations, Turkish forces clashed with Syrian regime
troops, with considerable involvement of Bayraktar TB2
and Anka UAVs. Turkish crewed aircraft only played a
secondary role in the operation.'

The use of UAVs was notable in that they were used
to destroy Syrian ground-based air defences including
the KBP 96K6 Pantsir S1 (RS-SA-22 Greyhound) short-
range and 9K37 Buk-M1 (RS-SA-11 Gadfly) medium-
range systems.” Video footage released by Turkiye
showed TB2 strikes against Pantsir Sis with active
radars which appeared unable to either detect or
engage the UAVs."*? While the poor training of Syrian
troops and the optimisation of the Pantsir for counter-
ing crewed aircraft and helicopters might have con-
tributed to their poor performance, a further factor in
Turkiye’s success appears to have been the integration
of UAV operations with EW measures.

Turkiye’s UAVs were also employed in the Libyan
civil war, in which Ankara supported the internation-

ally recognised government in Tripoli, while Egypt,

Russia and the UAE backed the rival Tobruk-based gov-
ernment backed by strongman Khalifa Haftar.

The lessons of Turkiye’s use of UAVs in the DEAD role
in Syria was also apparent in the short 2020 war between
Azerbaijan and Armenia. Azerbaijan is Turkiye’s clos-
est defence partner. In September 2020, Azerbaijan
launched an offensive to retake the Karabakh region
from de facto Armenian control. The 44-day war ended
in an Azerbaijani victory marked by sustained UAV use
in what initially seemed to be a contested environment.

Armenia’s UAV capabilities were minimal and
limited to tactical systems, while Azerbaijan fielded
a diverse UAV fleet, including ISR systems, loitering
munitions and MALE UAVs. In the MALE category,
Azerbaijan operated Israeli-made Israel Aerospace
Industries Heron 1s and Elbit Hermes goos, along with
an estimated 36 Turkish-supplied Bayraktar TB2s.'®
There have been unconfirmed reports that Turkish
personnel piloted at least some of the TB2s."* Armenia
fielded a diverse arsenal of Soviet and Russian-made air
defence systems, including the Almaz-Antey S-300PT
(RS-SA-10B Grumble), Buk-M1 and Tor-M2MK (RS-SA-
15 Gauntlet) and four Su-30SM fighter jets.'

Like Turkish operationsin Libya and Syria, Azerbaijan
swiftly neutralised Armenian air defences. As in Libya
and Syria, the adversary’s apparent unfamiliarity with
the UAV threat and the use of ground-based Koral
jammers supplied by Turkiye reportedly contributed
to the success of Azerbaijan’s DEAD campaign.'* The
Nagorno-Karabakh war also introduced new tactics in
UAV-based DEAD campaigns. These included the use
of Rafael Harop loitering munitions to target ground-
based air-defence assets, including Armenian S-300s."*”
Reports also highlighted Azerbaijan’s use of modified
Antonov An-2 biplanes as decoys to expose Armenian
air defences, which were then targeted by TB2s and loi-
tering munitions.'*

Turkiye has achieved some success in conducting
MALE UAV operations in contested environments,
largely due to poorly prepared adversaries and the inno-
vative integration of UAVs with EW systems. This suc-
cess, however, has been put into perspective by Bayraktar
losses in Ukraine. Ankara was already working on pro-
viding increased stand-off range capabilities to allow its

UAVs to operate outside short- and some medium-range
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SAMs, and the lessons offered by the war in Ukraine
likely will reinforce this effort.””” For the Bayraktar TB2,
manufacturer Baykar is developing a small turbojet-pow-
ered missile, the Kemankes, that will provide far greater
range than currently fielded glide weapons. Baykar
has plans to equip its twin-engine Akinci UAV with air-
launched cruise missiles, displaying the Roketsan SOM
and SOM-] types next to the design.*® Also noteworthy is
ASELSAN'’s work on a small EW pod, the EH POD, that
can be carried by UAVs in the class of the TB2."!

MALE UAYV Use in the Russia-
Ukraine War

Following Russia’s invasion, Ukraine has become a fur-
ther proving ground for UAV operations and develop-
ment. Considerable analytical attention has been paid
to the widespread use of small, tactical UAVs, including
first-person view UAVs, quadcopters, one-way attack
UAVs and loitering munitions. These systems have
been employed on an unprecedented scale. The conflict
is also providing insight into the use of MALE UAVs.

Ukraine’s interest in MALE UAVs predates Russia’s
2022 invasion. Following the 2014 annexation of
Crimea and the onset of conflict in the Donbas, sev-
eral Ukrainian defence manufacturers began promot-
ing domestic UAV projects. Notably, the Luch Design
Bureau unveiled a mock-up of its proposed Sokol 300,
while Antonov introduced a concept for a high-altitude
long-endurance UAYV, the latter strongly resembling the
planned Eurodrone in layout.'*> However, as with many
projects within Ukraine’s underfunded and inefficient
pre-war defence industry, these initiatives appear to
have stalled in the early conceptual stage without pro-
gressing to development or production.

Foreign acquisitions would prove a more viable path
towards building an operational MALE UAV capabil-
ity. Beginning in 2018, Ukraine ordered Turkish Baykar
Bayraktar TB2s, with first deliveries beginning in 2019
and additional batches acquired shortly thereafter.'*?
The TB2s were deployed by the Ukrainian Air Force and
the Ukrainian Navy, the latter indicating an early inter-
est in using MALE UAVs in naval operations and using
them as ISR platforms in conjunction with ground-
based anti-ship missile systems.'** Ukrainian TB2s were

equipped with the Canadian-made L3Harris Wescam

First-person view UAVs have become ubiquitous in the Russia-
Ukraine war. The FPVs in this image are in use with Ukraine’s
57th Brigade.

(Viacheslav Madiievskyi/Ukrinform/Future Publishing via Getty Images)

MX-15 electro-optical/infrared (EO/IR) imaging system
and a standard armaments package including MAM-C
and MAM-L laser-guided bombs. Ukraine appears
to have acquired around 20 TBz2s before the full-scale
Russian invasion and put them to limited combat use
early on. In October 2021, Ukrainian TB2s were used
for the first time, striking a separatist artillery position
in the Donbas." Ukraine and Turkiye also signed an
agreement for the construction of a Baykar UAV manu-
facturing plant within Ukraine.'

The TB2 initially provided valuable ISR and attack
capability, enabled by the lack of coherent air defence
on the part of Russian ground forces.'’

Russian air defences proved so ineffective that
the TB2 not only managed to avoid interception but
was also used to attack Russian SAM systems.'*
Ukraine also made use of the TB2 potential for naval
operations, targeting several Russian patrol boats.'*
Beyond its immediate military utility, the TB2 also
became a useful propaganda tool. Ukraine capital-
ised on high-resolution strike footage captured by the
TB2’s Wescam sensors, releasing these videos incre-
mentally to the public.’®® This tactic not only high-
lighted Ukraine’s defiance but also helped sustain
domestic morale. Ukraine soon took further deliv-
eries of TB2s, with Ukrainian then-defence minister
Oleksii Reznikov suggesting Ukraine might have
received as many as 50 more in the first few months

of the war alone.’!
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Following the initial period of disarray, however,
Russian forces succeeded in consolidating their air-
defence and EW systems, heightening the threat to TB2
operations. Open-source data suggests that Russian
forces downed at least 16 TB2s between March 2022 and
April 2023."%2 The TB2 vulnerability resulted in Ukraine
gradually withdrawing it from frontline combat roles,
with Ukrainian officials acknowledging the platform’s
diminished utility.'

In an example of military adaptation, however,
revised roles were found for the TB2. The first involved
using the TB2 for stand-off ISR. Under favourable
atmospheric conditions, the TB2’s EO/IR sensors
allowed it to be used up to 50 km behind the front-
line, well beyond the reach of Russian short-range
air-defence systems.'™ According to Ukrainian UAV
operators, this tactic was employed during the battle of
Bakhmut, where the TB2’s sensors detected vehicles’
infrared signatures, enabling the use of High Mobility
Artillery Rocket Systems and artillery strikes.'> The
second approach has been the continued use of the
TB2 for maritime ISR in the Black Sea. In this thea-
tre, TB2s have also acted as coordinators, supporting
naval special forces in raids on offshore platforms and
smaller islands.'*

Ukraine’s sustained commitment to Baykar's MALE
UAVs is underscored by the continuing plan to establish
a domestic production facility. In February 2024, Baykar
CEO Haluk Bayraktar confirmed that construction
had begun on a factory near Kyiv, which is projected
to employ around 500 personnel and produce either
TB2s or TB3s."” In late 2023, Bayraktar indicated that
the potential transfer of the larger and more advanced
Akinci UAV was under consideration, though no trans-
fers have been observed to date."®

In addition to Turkish MALE UAVs, Ukraine
sought to acquire US-made MQ-1C Gray Eagle UAVs
as early as April 2022."° However, these requests
were declined by the US government. Reportedly,
the US decision was influenced by concerns that the
UAVs might be used to strike targets within Russian
territory, potentially leading to further escalation.
Additionally, there were fears that their technology
could fall into Russian hands, risking technological

exploitation by a major adversary.'®

Russian MALE UAVs in Combat

During the Cold War, the Soviet Union maintained a
robust UAV development programme, producing sys-
tems such as the Tupolev Tu-141 and Tu-143 in con-
siderable numbers. However, after the collapse of the
Soviet Union, Russia struggled to keep pace with evolv-
ing UAV technology and deprioritised the development
of armed UAVs for an extended period. It was only after
the 2008 war against Georgia that Russia began to ini-
tiate programmes aimed at developing larger armed
UAV systems.'™ To begin to close the gap with Western
capabilities, Russia entered into an agreement with
Israel to locally produce the IAI Searcher, re-naming it
Forpost. Initially conceived as an ISR platform, Russia
later integrated a limited ordnance-carrying capability
into the system. !¢

In 2011, Russia issued a tender for the develop-
ment of the country’s first MALE UAV, which was
awarded to the relatively new company Kronshtadt
Technologies. The selected design, a light, piston-
engine MALE platform known as Inokhodets, was
first flown in 2016. ' Several prototypes were subse-
quently field-tested during Russia’s intervention in the
Syrian civil war, operating in both unarmed ISR and
combat ISR configurations. The latter were equipped
with unguided bombs and an air-launched variant of
the Kornet anti-tank guided missile.'®*

By 2021, Kronshtadt was also advancing a
beyond-line-of-sight version of the Inokhodets, equipped
with satellite communications, and had initiated work on
a prototype of a heavier, twin-engine UAV named Sirius.

Elsewhere, OKB Sokol developed a heavier, twin-
engine MALE UAV named Altius-M, first flown in
2016.1° However, the programme soon encountered
problems, including technical issues related to the lack
of suitable Russian-made engines and complications
stemming from a corruption case. As a likely conse-
quence of these problems, the Altius has not yet entered
serial production.'®

Russia’s UAV programmes at the outset of its
invasion of Ukraine displayed a disparity between
ambitious goals and a modest operational reality.
Nevertheless, Russia’s Inokhodets UAVs, alongside
armed Forposts, were soon deployed in combat.'®’

Much like Ukraine’s experience with the Turkish
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Bayraktar TB2 UAVs, however, Russia’s Inokhodets
proved highly vulnerable to Ukrainian air defences.'®®
While reports of Inokhodets usage continued sporadi-
cally after the initial stages of the war, their opera-
tional impact appeared marginal, especially when
compared with the widespread deployment of smaller
UAVs and loitering munitions, such as the Orlan and
Lancet series.

Russia’s Inokhodets re-emerged in the second half
of 2024 following a surprise Ukrainian offensive into
Russia’s Kursk region. Russian state media released
several videos showcasing Inokhodets UAV attacks in
the region, and Ukrainian forces successfully shot down
at least one of these and destroyed another during a
UAV attack on Khalino Airfield.'*® The reasons for the
Inokhodets’s resurgence in Kursk are not entirely clear,
though Russian military commentators have speculated
that it could be due to the relative weakness of Ukrainian
air defences in the area.'”” Other possible explanations
include increased availability due to scaled-up produc-
tion or a higher tolerance for UAV losses, given the
political sensitivity of defending Russian territory from
a direct attack.

Faced with a shortfall in domestically produced
MALE UAVs, Russia sought to supplement its inven-
tory through foreign acquisitions. Starting in 2022,
Moscow procured an undisclosed number of Mohajer-6
UAVs from Iran, along with Ghaem-5 laser-guided
munitions."”! The operational deployment of these sys-
tems appears to have been adjusted to the challenges
of contested airspace, with Mohajer-6s being reallo-
cated to the relatively permissive maritime environ-
ment, a tactic reminiscent of Ukraine’s use of TB2s.!”?
Furthermore, like the Inokhodets, the Mohajer-6 has
reportedly seen renewed frontline combat use in the

Kursk region.'”

The Challenges of Learning From
Ukrainian and Russian Experiences
The Russia—Ukraine war provides insight into the evolv-
ing role of MALE UAVsin high-intensity peer or near-peer
conflicts. Systems such as the Bayraktar TB2, Kronshtadt
Inokhodets and Mohajer-6, which had operational success
in more permissive environments, have proven vulnera-
ble in a contested battlespace, limiting their effectiveness
in direct combat roles. While there have been occasional
windows of opportunity for their use, such as during the
initial disarray of Russian forces and potentially during
Ukraine’s advances in Kursk, these opportunities have
been the exception rather than the rule.

Conversely, Russia’s and Ukraine’s employment of
MALE UAVs over the Black Sea highlights their con-
tinued relevance in more permissive maritime environ-
ments. On land, Ukraine’s use of the TB2 as a stand-off
ISR platform suggests the present generation of MALE
UAV can contribute meaningfully to the kill chain when
operated beyond the range of many shorter-range
ground-based air-defence systems. Ukraine’s use of
heavy OWA UAVs has demonstrated that, while such
large and vulnerable platforms may face significant
risks directly over the frontline, they can exploit their
extended range to identify and penetrate gaps in adver-
sary defences, enabling strikes deep in rear areas.

While Russia’s war in Ukraine and conflicts in the
Middle East provide an opportunity to look at the value
and vulnerability of MALE UAVs, there is a need to be
circumspect in general conclusions. MALE UAV opera-
tions by the combatants have been restricted by the
limited nature of the types of systems used and their
associated sensors and weapons. Both theatres, however,
suggest that there does need to be greater operational
adaptation of the present generation of MALE UAVs to

extend further their utility in any contested air domain.
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Conclusion

Uninhabited systems of numerous shapes, sizes
and, increasingly, roles are now present in many
of the inventories of the world’s air arms. This
includes armed UAVs. In contrast, uninhabited
combat air systems have yet to be fielded (excepting
any classified systems not in the public domain).
Multiple efforts underway suggest this will change,
likely starting no later than the beginning of the
next decade.

Like the US, most of the countries considered in
this paper have revised their approach to introduc-
ing uninhabited combat air systems. Rather than ear-
lier UCAV concepts, there is now a shift to families
of systems conceived as CCA or ACP, depending
on preference. Rather than an exquisite, expensive

and limited-in-number UCAYV, these families are

conceived of as embodying various levels of surviv-
ability and disposability, and therefore cost.

The Russia—Ukraine war and other ongoing conflicts
have provided a testing ground and, for some, a testing
time for multiple classes of UAV. The present genera-
tion of MALE UAVs have been shown to be vulnerable
to ground-based air defence when operated within
the engagement envelope of short-to-medium-range
systems. In the near term, adapting tactics, techniques
and procedures, perhaps combined with defensive aids
measures, will offer greater protection. In the medium
term, however, options likely to be explored for MALE
UAVs in ISR will include more survivable airframes
based on low-observable designs, the use of low-cost
attritable or lower-cost disposable systems and, likely,

a mix of all three.
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