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Preface

In early 2009 Fred Smith, founder, chairman and CEO of the venerable cargo airline, 
FedEx, declared in an interview that he would like to switch the FedEx fleet to unmanned 
aircraft as soon as possible, but would have to wait for the FAA to sort out the rules for 
national airspace integration. In his view, unmanned cargo freighters offer many advan-
tages for his company, predicting that they would be safer, cheaper, and would boast a 
greater capacity. The result would be a reduction of airfreight prices from ten times the cost 
of surface-carried freight to a factor of two, with all the speed advantages of air over ground 
or ocean transportation. Smith pointed out that the modern version of the Boeing 777 is 
already capable of being operated unmanned, in that the aircraft can take off, fly, navigate, 
and land without human intervention (and could even be equipped with an autonomous 
ground guidance system so the aircraft can be “driven” around an airport environment 
without running into or over someone or something). The same is true of most of the new-
est passenger aircraft types. The cost savings would derive from the fact that even a single-
pilot aircraft requires a completely different design, with radically different economics and 
logistics. Smith might characterize the economic opportunity as “unused capacity,” or 
what can be removed from the airplane that would allow an increased load. Systems such 
as oxygen, pressurization system, lavatories, extra seats, gallies, all intended for the com-
fort of the crew, can be eliminated and replaced with revenue-generating non-breathing 
cargo. The concept is not a pipe dream. Northrop Grumman’s Global Hawk reconnais-
sance aircraft, which is the size of a small business jet, has been flying entirely autonomous 
missions for several years, meaning that the aircraft is capable of taxing to the runway, 
taking off, executing its flight plan, and landing at its intended destination without any 
human intervention.

Aside from the obvious concerns from those who do not trust technology to safely permit 
a large commercial aircraft to operate without a pilot on board, even over the oceans rather 
than populated terrain, Smith hit on one of the key elements that inhibits such operations 
from being approved by government regulators. The “holy grail” in the small UAS technol-
ogy space is now national airspace (NAS) integration. Will society ever get to the point 
where autonomous systems will be allowed to operate in the same airspace as manned or 
piloted aircraft, or even be sufficiently comfortable with the safety mitigations to travel in 
an aircraft without a pilot on board? While the concept is no longer in the realm of futuris-
tic representations of how things will be in 2050, as depicted in motion pictures and televi-
sion productions, scaled-down versions of that vision are in the making now. Electrically 
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powered aircraft are in the airworthiness approval stage with the FAA. Urban air mobility 
concepts under development by companies such as Airbus, Joby Aviation, Kitty Hawk, 
Lilium, Terrafugia, and Uber Air are well on their way to securing civil aviation authority 
approvals to market eVTOL (electric vertical takeoff and landing) prototypes that can oper-
ate at low altitudes in urban environments. “Self-flying” air taxis are already taking pas-
sengers on test flights in Chinese cities. Researchers, developers, regulators, and others are 
working very hard to create remotely piloted systems that can share airspace at lower air-
space levels, in an environment that is unlikely to confront a remotely piloted B777 loaded 
to the rafters with computer chips and smart phones, and flying at 400 feet above ground at 
250 kts. What is now possible is a remotely or autonomously piloted aircraft carrying emer-
gency medical supplies to a person in need, dispatched from the nearest public safety facil-
ity and operating in your neighborhood at an altitude of less than 250 feet above ground 
level (AGL), possibly saving a life. Or delivering that FedEx package that may have been 
carried to a distribution center by a conventional aircraft, but replacing the ground vehicle 
currently needed to complete the last leg of the journey. While technologically possible 
now, these scenarios may only take place outside of strictly controlled test environments 
under the watchful eyes of regulatory agencies such as the US Federal Aviation 
Administration or its functional equivalents elsewhere, national civil aviation authorities.

There are many moving parts in the realm of unmanned aircraft systems. Capturing all 
of them and doing them justice would require several volumes. The one essential compo-
nent of the UAS “big picture” is airspace management; thus the focus of this book. Even 
that subcategory calls for a recursive analysis, as any technology is made up of many com-
ponents that themselves are technologies, which have subparts that are also technologies, 
and so on, in a repeating, or recurring fashion. The airspace management function is typi-
cally the exclusive province of civil aviation authorities focused on safety and the funda-
mental goal of keeping aircraft separated from one another so as to not create a hazard of a 
mid-air collision. This function has been largely successful for over 60 years, depending 
upon the country in question. Generally, the denser the airspace traffic, the greater the 
likelihood of a mishap. Midair collisions, though relatively rare when compared to the 
number of aircraft in flight at any one time in congested airspace, such as parts of the US 
and Europe, still happen, often with tragic results. In the list of the top 10 leading causes of 
fatal general aviation accidents in the US from 2001 to 2017, the last year this statistic is 
available, midair collisions ranked number eight. The number of near-midair collisions 
reported each year is approximately 200, and actual collisions average between 15 and 20. 
General aviation hours flown (those most important to our analysis because they are more 
likely to be found at low operating levels), totaled 25.9 million in the calendar year 2019.

The theme of this book focuses on just one of those many moving parts, the integration 
of unmanned aircraft into controlled and uncontrolled airspace. The ongoing regulatory 
and policy efforts around the world to achieve full airspace integration will be examined, 
which requires a functional breakdown of the key elements of the technology that must 
meet regulatory requirements before the systems will be permitted to go into full operation. 
Predictions of the future in this technology sector are fraught with uncertainty, but an 
attempt will be made to outline a probable path forward as revealed by government regula-
tors and myriad interested parties. Among the other moving parts are ongoing regulatory 
developments for Operations Over People, operations Beyond Visual Line of Sight of the 
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pilot in command, Remote Identification of aircraft, and Night Operations. While these 
components are critical features of the overall challenge of airspace integration, they will 
not be discussed in detail in this volume, except to the extent that it is necessary to clarify 
their role in the integration picture.

The rapid evolution of the technology underlying unmanned aircraft, unmanned aircraft 
systems, remotely piloted aircraft systems, and, more commonly, drones, among other 
terms of art, presents a formidable challenge to anyone attempting to encapsulate the 
entire domain in one book. The broad notion of unmanned or remotely piloted aircraft has 
been with us for over a century. Society has witnessed extraordinary developments in the 
field of unmanned aviation over the last 30 years or so. The categories or topics that now 
define or bound the current state of the art of this technology are too numerous to list here, 
but will be discussed in the body of this book.

The media and popular press adopted the catchall label “drone,” while experts and regu-
lators generally prefer UAV, UAS, RPA, or RPAS instead of “drone,” because the term 
“drone” once had a very specific meaning. The early descriptions of these types of aircraft 
settled on “drone,” although the historical root of the term remains controversial (likened 
to a honeybee drone, or perhaps derived from a 1930s British target drone called a “Queen 
Bee”? No one really knows). In the earliest phases of development of unmanned aircraft, 
“drone” referred to target aircraft or remotely piloted offensive weapons deployed by both 
sides in both World Wars. Today’s unmanned aircraft are far more sophisticated, and in 
most cases more capable of non-military missions than the “true” drones of nine decades 
ago. This book will use drone, UAS, sUAS, UAV, UAS, and RPAS more or less interchange-
ably, as a matter of style and continuity, unless the specific term used calls for an explana-
tion of why it is used in the context of the discussion.

Military organizations, primarily in the United States, led the way in developing drone 
technology from flying targets for aircraft weaponry and surface-based artillery to aerial 
sensor systems modified for intelligence, surveillance, and reconnaissance (ISR) missions. 
That capability soon led to development of platforms capable of carrying and deploying 
highly effective offensive munitions (such as the General Atomics’ Predator and Reaper 
series used in the first Gulf War and thereafter in subsequent Middle East conflicts).

Alongside the military’s tactical and strategic adoption of unmanned aerial systems, and 
the emerging market for civilian or scientific versions of those systems, the consumer sec-
tor emerged, which quickly realized the potential for unmanned systems in both the rec-
reational and commercial arenas. Small (weighing less than 55 lb, or 2.2k), fixed-wing and 
rotorcraft contrivances were soon adapted for aerial photography, agriculture, building 
and infrastructure inspection, package delivery, entertainment, and any number of other 
applications having nothing to do with military operations. The sudden “Cambrian 
Explosion” of affordable and highly capable (consumer based) small UAS soon over-
whelmed civil aviation authorities around the world with demands for access to low level 
airspace for a multitude of civilian uses.

The growth of this technology has outpaced the ability of governing authorities at all 
levels, international, national, regional and local, to keep up with the changes and promul-
gate rules, regulations, and standards for the operation of these systems in the public 
domain, namely the airspace above the surface. As a consequence, rogue operators and 
abusers of the technology have created havoc with their misuse of consumer drones to 
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invade privacy, disrupt wildlife, interfere with firefighting and law enforcement activities, 
endanger manned aircraft operations around airports, and any number of irresponsible 
uses of affordable and readily available off-the-shelf drones. The need for safe and predict-
able environments for legitimate users of this technology is paramount, and airspace inte-
gration strategies are likely to offer the most achievable solutions.

This book will only briefly address the history of this technology, as many other publica-
tions have covered the same ground, but will provide a framework for understanding and 
evaluating just one critical element of this extremely complex environment: how to inte-
grate these systems, large and small, fast and slow, heavy and light, all without pilots on 
board, with other occupants of the airspace, namely manned aviation, and how to do it 
safely, equitably, and efficiently to minimize the risk of disaster and maximize the eco-
nomic opportunities sought by the users of the airspace. The full solution to the safe inte-
gration challenge, which has eluded the experts, developers, and regulators thus far, is the 
key to the further advancement of the technology beyond its current status. The ongoing 
global efforts characterize the potential solutions to this challenge as Unmanned Aircraft 
Traffic Management (UTM), or Unmanned Aircraft Systems Space (U-Space), or Advanced/
Urban Air Mobility (AAM/UAM), depending upon in which part of the world the effort 
originates.

Organization of the Book

The following chapters will introduce the reader to the major issues confronting the devel-
opers of these strategies and provide a brief introduction to what each nation or group of 
nations is doing to address those issues. The templates adopted by the major contributors 
as they work their way through the often conflicting and sometimes overlapping regulatory 
environments in which they must operate to be successful are discussed in greater detail. 
There are many parallel efforts to identify a path to full integration of unmanned systems 
with manned aviation, and they do not all agree on the strategy or the architecture to make 
it so. For this reason, this book is unashamedly broad in scope in some respects and rather 
narrow in others. The goal is to identify a common way forward for the evolving UAS 
industry and the regulatory authorities that must enable and monitor its growth to ensure 
public safety and economic viability.

Chapter 1 “Background” introduces a thumbnail history of aviation regulations, derived 
in some respects from the ancient Law of the Sea. This chapter briefly summarizes the first 
attempts to regulate airplanes and their pilots in the UK, the creation of an international 
regulatory body (ICAO) in 1944 as a product of the Chicago Convention on International 
Civil Aviation, and then moves on to the present-day regulatory system, both national and 
international, that oversees all aspects of commercial and private aviation.

Chapter 2 “UAS Airspace Integration in the European Union” is a longer chapter, and 
attempts to cover historical and ongoing regulatory efforts in the European Union regard-
ing unmanned aircraft operations and standards. The EU has been very busy adopting 
regulations for UAS that will apply across all of its Member States, and more recently 
embarked upon the concept of a “U-space” that is intended to integrate UAS/RPAS into the 
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European airspace by establishing a new concept for how the airspace can be managed 
while not disrupting existing commercial and general aviation activities.

Chapter 3 “ICAO” covers the International Civil Aviation Organization and its airspace 
integration activities with specific focus on remotely piloted aircraft systems.

Chapter 4 “UAS Airspace Integration in the United States” discusses airspace integration 
efforts in the United States, in coordination with Europe’s EASA and other national avia-
tion authorities.

Chapter 5 “Global Airspace Integration Activities” takes a look at UAS integration efforts 
in a few selected countries that are considered to be representative of similar efforts in a 
growing number of ICAO’s 193 Member States.

Chapter 6 “The Role of Standards” examines the role of Standards Development 
Organizations (SDOs) in the development of regulations and best practices.

Chapter 7 “The Technology” discusses the various domains of the evolving UAS and 
UTM/U-space technology, and includes suggestions for a methodologies for conducting a 
risk assessment and functional decomposition of complex systems. 

Chapter 8 “Cybersecurity and Cyber Resilience” offers a historical view of global cyber-
security failures and ties that history to current efforts to identify risks and defensive 
mechanism to ensure the security of aviation systems.

This is not an engineering text, nor is it a law book, but is a bit of a hybrid of both, focused 
on the study of one highly technical sector of innovation and economic growth from the 
proverbial “30,000 ft” view. The reader is cautioned, however, that the technology advances 
are extremely dynamic, and innovation, or “the next best thing,” is almost a daily occur-
rence, so that accurately predicting the future is a fool’s errand. As new challenges emerge, 
entrepreneurs and developers will step up to meet them, occasionally creating a new tech-
nology or new subset of existing technology that may not have existed even a year ago. The 
best we can do is to understand what is happening at this point in time and acquire the 
tools to respond to the breakneck pace of innovation in unmanned aircraft systems.
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Aerospace Series Preface

The field of aerospace is multidisciplinary, covering a large variety of products, disciplines 
and domains, not merely in design and engineering but in many related supporting activities. 
The interaction of these diverse components enables the aerospace industry to develop inno-
vative and technologically advanced vehicles and systems. The Aerospace Series aims to be a 
practical, topical, and relevant series of books aimed at people working in the aerospace 
industry, including engineering professionals and operators, engineers in academia, and 
allied professions such as commercial and legal executives. The range of topics is intended to 
be wide ranging, covering design and development, manufacture, operation and support of 
aircraft, as well as infrastructure operations and advances in research and technology.

Unmanned air vehicles are a growing and increasingly accepted part of the aerospace envi-
ronment. Small UAVs equipped with appropriate sensors can carry out leisure, small industry 
and official roles in the visible and IR spectrum. As their use expands, unmanned air systems 
will inevitably become involved with, and potentially conflict with, manned vehicles – as has 
already been demonstrated by numerous encounters near airports. There will need to be new 
regulations to allow the co-existence of UAVs with GAS, rotary wing, regional and transna-
tional operations. These new regulations could require changes to on-board navigation and 
proximity warning systems as well as to ATM practices and standards.

This book – UAS Integration into Civil Aerospace – explores the integration of unmanned 
aircraft into controlled and uncontrolled airspace. It provides a comprehensive overview of 
regulatory and policy efforts required to move towards full airspace integration, as well as 
the technology that must be developed and approved for full operation of UAV systems. It 
also addresses the critical questions of cybersecurity and cyber resilience as they relate to 
UAV airspace integration. The global ATM system depends heavily on electronic commu-
nications and interconnectivity, any interruption of which could lead to potentially cata-
strophic consequences.

With the rapid evolution of UAV technology, aviation regulators at international, 
national, and local levels have struggled to keep pace with appropriate rules and standards 
to ensure that UAV systems operate in shared airspace in a safe, equitable, and efficient 
manner. This book outlines a path forward that minimizes the safety risks while maximiz-
ing potential economic benefits for all users of the airspace. In line with the mission of the 
Aerospace Series, it combines elements of engineering and emerging technology with an 
accessible discussion of the important related legal and regulatory issues.

Peter Belobaba, Jonathan Cooper, and Allan Seabridge
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