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This chapter presents the role, functions, and prospects of civil unmanned aerial
vehicles development, as well as technical and regulatory barriers to the introduction
of unmanned aircraft into special cargo transportation technology. The authors’ main
idea is that the degree of UAV involvement in freight traffic will continue to grow
rapidly as the range of UAV flight and carrying capacity increases, and the air law is
liberalized. Itis proposed to evaluate the economic efficiency of UAV application and
their share in the market for the transportation of urgent and perishable goods using
the methodology based on the principles of logistics and mathematical modeling. In
the formulated model, the process of special cargoes delivery by unmanned aerial
vehicles is integrated into the supply chain by all modes of transport along the
set route network, taking into account the requirements formulated by the freight
forwarder, carrier, and logistics company.
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different types of data including aerial photographs, air quality, or radiation levels.
Even though the published research evidence in the area of “drones in healthcare”
is almost 1% of the broader area of “drones,” the progress in public acceptance,
regulations, as well as technology is undeniable. This chapter summarizes the
different aspects regarding the use of drones in healthcare, while specifically focusing
on humanitarian logistics. The SWOT analysis indicate that the strengths and
opportunities weigh more than the weaknesses and threats, suggesting that drones
will revolutionize the way medical supplies are delivered within the coming years.
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logistic response to a natural disaster using a case study of Cyclone Pam that struck
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core capabilities of such drones might be employed in order to overcome the key
challenge facing humanitarian logisticians responding to such disasters — namely
that of understanding the 6W problem of “who wants what where when and why.”
The chapter then discusses the people, process, and technology issues that would
need to be overcome in order to operationalize the concept.
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This chapter examines the role of unmanned aerial vehicles (UAVs) in the delivery
of medical and emergency supplies to remote areas. It outlines a number of potential
considerations for operators wishing to use UAVs to deliver medical and emergency
supplies to remote areas. These considerations address a number of practicalities in
terms of the organisation that is wishing to conduct such operations, the operations
themselves, and the technology thatis used for such operations. These considerations
primarily stem from the nature of the international regulatory framework for
unmanned aircraft operations and the peculiarities of using a UAV to deliver medical
and emergency supplies. The chapter will outline some of the practicalities that
have been worked through or are being worked through during a project to deliver
medical and emergency supplies in Northland, New Zealand. This will provide
readers with examples of some of the real-world considerations that operators face
as well as outline the positive community impact that such operations can provide.
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Xiii

Preface

Previously limited to military operations, Unmanned Aerial Vehicles (UAVs) appear
to be gaining much traction and adoption in the commercial sector (Anand, 2007).
One such application is to utilize these aircraft, also referred to as ‘drones’, for
delivery and cargo monitoring activities in logistics and supply chain management
(Brar, Rabbat, Raithatha, Runcie, & Yu, 2015). Global media attention has recently
illuminated the opportunities and challenges posed by UAVs (Sheets, Rowling, &
Jones, 2015). They have sparked international public interest for their potential
impactin logistics (Hail & Coyne, 2014). For example, the government of the United
Arab Emirates, in 2014, announced their plan to use drones to distribute official
government documents (Dorling, Heinrichs, Messier, & Magierowski, 2017) . In
Africa, drones are being used to assist in aid work (Sandvik, 2015). A pilot study
initiated by the Stony Brook University’s Global Health Institute and Vayu, a drone
start-up, successfully delivered medicine and laboratory samples to remote places
in Madagascar in 2016 (Wurbel, 2017).

As an emerging technology, UAVs have been trialed in logistics operations by a
number of high profile organizations. Operators of postal services such as Australia
Post (Cuthbertson, 2016), Singapore Post and Swiss Post (Mileham, 2016) as well
as online retailers such as Amazon (Burzichelli, 2016) and Rakuten (Aimi, 2016)
have all reported testing of UAVs in logistics. Google and Wal-Mart have also tested
the use of UAVs (Weissbach & Tebbe, 2016). At the same time, global logistics
giants have declared that they are studying the use of UAVs. DHL reported on a
successful trial with the use of ‘parcelcopter’ within a Bavarian community (Erceg,
Erceg, & Vasilj, 2017). Previously, DHL had trialed the use of UAV delivery to the
German island of Juist (Agatz, Bouman, & Schmidt, 2015). Now, the success of the
combined trials allows delivery services to remote areas that often take additional
time for road transport to reach. For this reason, the ‘parcelcopter’ is being integrated
within DHL’s supply chain (Agatz et al., 2015).

The operation of UAVs in logistics has been extended to development aid work.
The UPS Foundation recently invested in the collaboration between Zipline (a
robotics company), and Gavi (a Vaccine Alliance), to deliver vaccines and blood
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Preface

in Rwanda (Tilley, 2016). Such use of UAV technology has the potential to make a
significant impact on the everyday lives of the public.

In the modern world, emerging technologies can present both opportunities and
challenges. Publicity and promotion of this technology can increase chances of the
new technology receiving subsidies and access to grants if considered of significant
importance to the national and/or local economy. However, such publicity, without
appropriate research and investigation can lead to the creation of false expectations,
poor implementation, or inefficient operations.

The difference between military and non-military operations of UAVsisimportant.
In the past, media coverage focused on the military use of UAVs where the term
‘drone’ was coined (Jarnot, 2012). The media coverage of military UAVs created
a negative attitude of the emerging technology and generated a sense of fear and
concern in public opinion (Bartzen Culver, 2014).

Now the term ‘drone’ continues to be used interchangeably with UAVs in non-
military operations. However, as the use of ‘drone’ technology increasingly becomes
part of our everyday civilian lives, public anxiety and fear of the impact of UAV
operations in logistics also increases (Elias, 2012; Freeman & Freeland, 2014). While
testing of UAVs in logistics and supply chain management is apparent, rigorous and
published case studies are illusive in academic literature.

Such research is needed to ensure industry representatives; governments and
business leaders are able to make informed decisions regarding the operation of
drone activity in logistics and supply chain management. This book intends to
make a significant contribution to the literature in the field by offering a platform
for rigorous and high quality research.

Currentresearch in the field is focused on technological development (to improve
the functionality and endurance of drone delivery in logistics) and regulatory
challenges posed by such operations. However, there has been limited attention
applied to operational and integration challenges associated with this emerging
technology in logistics and supply chain management.

As such, this book presents a collection of research and case studies, which
specifically investigate the opportunities, and challenges of the use of UAVs in
logistics and supply chain management. More-over, the book aims to provide industry
representatives, governments, business leaders, and students with recommendations
which aim to improve understanding, and address these challenges associated with
this emerging technology.

Xiv
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Preface

THE CHALLENGES

The use of UAVs in commercial logistics and supply chain applications has the
potential to drastically alter many industries, and, in the process alter our attitudes
and behaviors regarding their impact on our daily lives. However, the proliferation
of drones challenges our traditional notions of safety, security, privacy, ownership,
liability and regulation.

The global political and regulatory environment encompassing UAV operations
is problematic (Kreps, 2014). User and airspace safety are likely to continue to be
important considerations in regulation and public policy regarding drones. For
example, in the United States, drones that weigh more than 250 grams and less
than 55 pounds (approximately 25 kilogram) currently have to be registered with
the Federal Aviation Administration before they can be operated outdoors (Federal
Aviation Administration, 2016). There are furtherrestrictions to operations concerning
UAVs with a weight in the range between 250 grams and 25 kilograms (Federal
Aviation Administration, 2016). Further work is needed on regulation that supports
the inevitable integration of commercial UAVs into controlled airspace (Elias, 2012).

Some argue that the technological development of UAVs is often hindered by a
go-slow approach to regulation (Rao, Gopi, & Maione, 2016), suggesting that the
law has struggled to keep up with rapid growth in technology (Jenkins, 2013). In
some respects, the rapid enhancements in UAV technology create both opportunities
and challenges.

In terms of technology advances, the civilian UAV industry will benefit from the
technologies developed in other industries. Likewise, other industries will benefit
from drone technology. For example, the miniaturization of electronics and the
enhancements in battery technology and other innovative design features of electric
propulsion systems have allowed small UAVs to develop in ways that will influence
manned aircraft designs over the coming years (Perritt & Sprague, 2017).

Similarly, Vertical Takeoff and Landing (VTOL) designs, as observed in military
operations, are expanding to UAV operations. Some UAV operators appear to be
moving to a hybrid VTOL/helicopter design (Antcliff, Moore, & Goodrich, 2016).
This technology and developments is likely to impact both manned and UAV aircraft
designs in the future.

The pressing matter for air traffic management is collision avoidance (Elias,
2012). There is a current mandate that all manned aircraft (with some exceptions)
must be equipped with ADS-B out technology by 2020 (Zimmerman, 2013). ADS-B
offers useful solutions to the challenge of collision avoidance in that the system
allows aircraft to transmit position, speed, and directional data to each other while
in flight. However, appropriate mandates and UAV inclusive regulation will need
to be considered carefully.
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This then leads to additional requirement for robust specifications and standards
regarding airworthiness and certification for those UAVs entering airspace currently
occupied by manned aircraft. While the introduction of UAV operations must
not compromise safety of manned aircraft, the expansion of commercial UAV
applications will need to be supported with appropriate and relevant regulation
(Weibel & Hansman, 2005).

Autonomy will continue to be the focus of technological advancements in
UAV design. This will extend to the application of coordinated flights of multiple
UAVs. While there are significant mathematical and technical challenges to these
enhancements, further consideration is required from the Human System Integration
(HSI) perspective. The expanded use of UAVs will require transport managers,
engineers and UAV operators to consider the key human factors issues to improve
safety, usability, and human operator performance. For example, the ideal blend
of automation and human interaction must consider the strengths of humans (e.g.,
flexibility, and decision making), and the strengths of machines (e.g., accuracy, and
rapid computation) (Mouloua, Gilson, Daskarolis-Kring, Kring, & Hancock, 2001).

The ability of the UAV to carry sophisticated imaging equipment attached to
light weight vehicles, to hover in position despite adverse weather conditions,
to fly simple missions, and takeoff and land automatically, combined with their
comparatively (compared to manned aircraft) lower operational costs, has allowed
UAVs to support many industries where current manned aircraft and helicopters
are unable to reach. As technology develops, larger UAVs will be a direct source of
competition for manned aircraft. While some industries may be challenged, many
will be advantaged.

For example, it is likely that unmanned air cargo flights will occur earlier than
the widespread implementation of small-package delivery by microdrones (Perritt
& Sprague, 2017). The segregation and management of low-level airspace will drive
any further developments, particularly in largely populated urban centers already
experiencing high air traffic congestion. One of the most positive applications in
small-package delivery however, is related to health. In particular, the use of UAVs
for the delivery of vaccines, medicines and humanitarian aid. While the opportunities
in this area of logistics appear obvious, there continue to be considerable challenges
to such implementation.

ORGANIZATION OF THE BOOK

The proliferation and diversity in applications of UAVs has created a paradigm
shift in air transportation, and paved a pathway for a new area for research across
a range of disciplines. Additionally, the dramatic growth of UAVs in civil society

XVi

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Preface

has uncovered significant challenges imposed on UAV operators, the commercial
air transport sector, air traffic control, government policymakers and highlighted
a range of socio-political risks. The significant technological and engineering
discoveries have created far-reaching applications for UAVs. Their high mobility,
versatility and effect of use in environments considered dangerous to humans,
combined with the efficiency in reducing operating time, makes them a practical
tool for a variety of tasks.

The challenge for aviation professionals and government officials is how to
establish this new and emerging air transport vehicle while protecting the vitality
of the industry and the freedom of the community. Business leaders, government
officials, and the travelling public would prefer a ‘silver bullet’ to resolve the issues
associated with planning and implementing UAV related applications into the current
air transport regulatory regime. In reality, air transport and UAV operations are a
complex and highly dynamic system, which requires the consideration of appropriate
policies, strategies, tools, and processes. In addressing these challenges, the book
is organized into ten chapters. A brief description of each of the chapters follows:

Chapter 1 discusses the importance and integration of appropriate Non-Technical
Skills (NTS) training, particularly Situation Awareness (SA) and workload
management, to further improve UAV mission effectiveness. Considering logistics
applications, the chapter explores technical design and human factors challenges
impacting on UAV operations. The chapter reviews historical research and applicable
studies in the field and offers solutions to these human factors challenges. While
technical design solutions to UAV systems and interfaces are examined, the authors
contend that specific training strategies, which focus on the human UAV operator,
should also be considered.

Chapter 2 presents the role, functions and prospects in civil UAV development,
as well as technical and regulatory barriers to the introduction of unmanned aircraft
into special cargo transportation technology. The authors argue that the degree of
UAV involvement in freight traffic will continue to grow rapidly as the range of
UAV flight and carrying capacity increases, and the air law is liberalized.

Chapter 3 provides an insightful explanation of the different types and potential
applications of unmanned aerial vehicles as well as the potential economic impact of
their development and use. The chapter analyzes the application of drones in Turkey
and Croatia. Although different in terms of their size and the number of inhabitants,
both countries are facing similar challenges with respect to UAV application. By
understanding the development of UAV implementation in both countries, useful
conclusions are drawn.

Chapter 4 discusses the use of drones in humanitarian logistics. This chapter
considers arange of aspects regarding the use of drones in healthcare, by undertaking
adetailed SWOT analysis. The research highlights that the strengths and opportunities

XVii

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Preface

outweigh the weaknesses and threats, suggesting that drones will revolutionize the
way medical supplies are delivered in the coming years.

Chapter 5 considers the potential operation of long-range drones to support the
logistic response to a natural disaster using a case study of Cyclone Pam that struck
Tafea Province of Vanuatuin March 2015. The study reviews how the core capabilities
of such drones might be employed in order to overcome the key challenge facing
humanitarian logisticians responding to such disasters. The chapter also offers an
investigation of the people, process and technology issues that need to be resolved
in order to operationalize the concept.

Chapter 6 extends on the use of drones in health by examining the role of UAVs
in the delivery of medical and emergency supplies to remote areas. The chapter
discusses a number of potential considerations for operators wishing to use UAVs
to deliver medical and emergency supplies to remote areas. These considerations
stem fundamentally from the nature of the international regulatory framework for
unmanned aircraft operations and the peculiarities of using a UAV to deliver medical
and emergency supplies. Reflections of these considerations are also provided with
a discussion of a UAV delivery project involving medical and emergency supplies
in Northland, New Zealand.

Chapter 7 reviews the rules and laws of drones established by the International
Civil Aviation Organization, the United States, China, Japan, Australia, India and
Korea. The chapter considers that while drones will be able to fly over other countries
in the future, there is currently no international legal guidance and regulations for
regulating the jurisdiction and limited amount of compensation for the personal or
property damage caused by the drone accidents of third persons on the ground in
another country. In an effort to resolve these issues, the author recommends a draft
Convention for the Unification of Certain Rules Relating to Drone Operations and
Transport including the establishment of standards for flying in densely populated
areas and near airports.

Chapter 8 considers the problem of a performance of Unmanned Aerial Vehicle
(UAV) group flights for a solution of different tasks using criteria of efficiency and
criteria of reliability. The research, highly relevant to future logistics applications
of UAVs, presents the algorithm for finding the Central Drone Repeater (CDR) in a
group of UAVs for sending a control signal to other UAVs in the group. The chapter
offers some examples of determining the central drone and the optimal topology in
a group of UAVs in flight.

Chapter 9 takes a philosophical orientation, highlighting that in the hands of true
professionals, drones can offer highly efficient and profitable solutions for industrial,
and commercial inspections and other data capturing tasks. The chapter discusses the
challenges of integrating acommercial drone operation into an existing organization’s
safety management system. The chapter considers the human factors challenges,
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policy and procedural challenges, logistical challenges, financial challenges, and
the challenges of managing change and expectations. The author argues that the
success of the emerging UAS industry will be determined by the willingness and
ability of organizations to adopt not only conventional aviation safety philosophies
and disciplines but also work together to develop a specific UAS Safety philosophy,
supported by Safety Management and Quality Management Systems.

Chapter 10 concludes by summarizing the key challenges, findings and solutions
presented in the book. The authors address key management considerations relevant
to the future integration of UAV operations in logistics and supply chain management.
The chapter is organized around six themes that underlie the current discourse
regarding the future of UAVs in civilian commercial operations including: policy
certification; technology; training; social economic forces; air cargo; and the effect
of UAVs on other sectors of the air transport industry.

IMPACT OF THIS RESEARCH

Our previous field of research has examined the impact of government policy
(regulation) on the airfreight service needs of regional communities in Australia (Kille,
Bates, & Murray, 2013a). Conducted in three phases, our research has employed a
mixed-method approach investigating qualitative and quantitative data. Our research
has revealed that for regional businesses: (1) cost is an important motivator in
business logistics decision making; (2) access to multi-mode freight connectivity
is critical; and (3) airfreight services must be considered in state-wide integrated
freight infrastructure planning processes (Kille, Bates, & Murray, 2014, 2018). Our
research has aimed to assist regional communities, policy-makers, logistics, and
aviation industry representatives as they seek to overcome the challenges hindering
the development of aviation and freight service delivery in regional Australia (Kille,
Bates, & Murray, 2013b).

Considering the factors associated with regional /rural business identified in our
earlier research, it is apparent that drone technology has the potential to respond to
all three issues. However, adoption of this technology must be applied with careful
attention to rigorous and comprehensive research, which addresses the multi-faceted
challenges of drone operations in logistics.

For this reason, this book publication aims to extend our contribution to the field
by offering a comprehensive overview and potential solutions (via drone operations)
which address issues of cost, access, connectivity and integrated infrastructure.

To our knowledge, no book publication currently exists that specifically provides
a detailed investigation of the emerging use of UAVs in logistics and supply chain
management. A number of studies have been published that look at impacts of drone
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operations in logistics in isolation of other important factors and/or considerations.
However, technology and the application of drones in logistics is developing rapidly
and a platform for research in this activity is required.

While industry representatives, governments and business leaders facing
implications of this emerging technology would benefit from this publication, the
book may also be used for educational purposes. Students currently studying air
transport, commerce, business, law, logistics and supply chain management will
benefit from the opportunity to access acomprehensive publication that considers the
multi-faceted factors that impact on this sector of transport and business operations.
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ABSTRACT

In civilian operations, the utilization of UAVs is diverse and broad, the variations
of UAVs are extensive, and the application needs and performance characteristics
also vary significantly. To this end, the emerging opportunities for UAV operations
have generated an urgent need for trained operators to ensure these systems are
used effectively and safely. This chapter discusses the importance and integration
of appropriate non-technical skills (NTS) training, particularly situation awareness
(SA) and workload management, to further improve UAV mission effectiveness. The
chapter explores technical design and human factors challenges impacting on UAV
operations. By reviewing historical research and applicable studies in the field, the
chapter also offers recommendations and solutions. While technical design solutions
to UAV systems and interfaces are examined, the authors contend that specific training
strategies, which focus on the human UAV operator, should also be considered.
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INTRODUCTION

Technological improvements, advancements in communications and the development
of battery technology has supported the emergence of small, low cost UAVs which
allow civilians to work with this new air transport technology. UAVs offer good
solutions as they can cover vast areas and can be used to explore and assess damage
after a catastrophic event (Astuti, Longo, Melita, Muscato, & Orlando, 2008).
Additionally, their high mobility, versatility and effective use in environments
considered dangerous to humans (Kontitsis, Tsourveloudis, & Valavanis, 2003),
combined with reduction in operating time, makes them a practical tool for a variety
of tasks.

These tasks include search and rescue using high quality imaging (Rathinam
et al., 2007); analysis of gas composition in volcanoes (Astuti et al., 2008); rivers,
bridges and coastal areas surveillance (Rathinam et al., 2007), monitoring forest
fires (Casbeer, Beard, McLain, Li, & Mehra, 2005), transportation of vaccines
(Haidari et al., 2016), and last mile logistics (Brar, Rabbat, Raithatha, Runcie, &
Yu, 2015). Civilian applications continue to expand in areas such as agriculture,
mapping, the measurement of structures and anthropology (De la Torre, Ramallo,
& Cervantes, 2016).

Incivilian operations, the utilization of UAVsis diverse and broad (Gupta, Ghonge,
& Jawandhiya, 2013), the variations of UAVs are extensive and the application needs
and performance characteristics also vary significantly. To this end, the emerging
opportunities for UAV operations have generated an urgent need for trained operators
to ensure these systems are used effectively and safely.

Inrecent years, research associated with civilian application of UAVs has focused
on the use of algorithms and specific hardware features that allow the UAV to operate
autonomously, or perform more effectively (De la Torre et al., 2016). However, this
research often fails to emphasize that despite the use of artificial intelligence there
remains a requirement for significant human interaction in the operation of UAVs.

As the ubiquitous use of UAVs continues, transport managers, engineers and
UAV operators need to consider the key human factors issues to improve safety,
usability, and human operator performance. For example, the optimum blend of
automation and human interaction should consider the strengths of humans (e.g.,
flexibility, and decision making), and strengths of machines (e.g., accuracy, and
rapid computation) (Mouloua, Gilson, Daskarolis-Kring, Kring, & Hancock, 2001).

The UAV operator plays an important part of effective UAV missions, and more
research in the area of human integration in the automated systems of UAVsis required.
Therefore, the intent of this chapter is to highlight the importance and integration of
appropriate Non Technical Skills (NTS) training, particularly Situation Awareness
(SA) and workload management, to further improve UAV mission effectiveness.
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BACKGROUND

Consider that within any flight, there are many layers to the complexity of the
operations. Forexample, there are layers of technology, protocol as well as behavioural
layers. Non-technical skills are considered an essential layer as they reduce the
likelihood that an error or failure will lead to an accident. Non-technical skills are
social, mental and personal management skills that contribute to safer and more
efficient operations. Non-technical skills support the technical skills of flight crew
and contribute to dependable and effective performance in the often-complex work
systems that characterise the aviation industry. Non-technical skills in the aviation
industry typically include: situational awareness; decision-making; communication;
team work; leadership; managing stress; workload/task management; and coping
with fatigue.

The concept of non-technical skills in flight crew training is not new in aviation
training. Training programs with a focus on non-technical skills emerged in direct
response to research highlighting the significant contribution of human factors to
aviation incidents and accidents (Thomas, 2004). Crew Resource Management
(CRM), which considers the effective use of all accessible resources to reach safe
and efficient flight operations, has long been the focal point enabling the reduction of
human error and improvement in safety outcomes (Lauber, 1987; Wiener, Kanki, &
Helmreich, 1993). In flight crew training, the cornerstone of CRM was the growth of
non-technical skills such as leadership, communication, conflict resolution, decision
making as well as fatigue and stress management (Helmreich & Wilhelm, 1991).
While the concept of CRM training has evolved through a series of paradigm shifts,
it is the development of threat and error management strategies that has been the
focus of attention most recently (Helmreich, Merritt, & Wilhelm, 1999).

Helmreich and Merritt (2000) assert that sound threat and error management
training of aviation personnel is not necessarily the single solution to removing the
human contribution to incidents and accidents. Rather, it is specifically customized
training programs that will make the key contribution in reducing risk. It is widely
appreciated that flight crew assume the final line of defence in the often porous
and flawed socio-technical system within which aircraft operate (Reason, 1997).
As such, by providing crew members with skills in threat and error management,
aviation organisations can build additional barriers of defence against active and
latent conditions that often lie conspicuously within the organisation or the wider
operating environment.

There is much research to suggest that human error contributes significantly
to accidents and incidents in commercial aviation (Wiegmann & Shappell, 2001).
There are some common errors that are also applicable to UAV operators such as
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failing to observe alerts of a visual and auditory nature; failing to maintain sound
SA; and poor decision-making.

The UAV operator interface is the primary facilitator of human-machine
interaction and coordination. Thus, the design of an interface that provides the
operator with an appropriate level of awareness of the tasks and activities under
their control and that of the other operators involved in the mission becomes critical
in the effort to mimimize information overload, distraction, coordination errors and
miscommunication.

While supporting awareness for the operator needs more than simple provision
of information, Drury and Scott (2008) maintain that understanding the information
is a crucial prerequisite for providing appropriate awareness to the human operators
withinintelligent systems. However, there is limited UAV-specific guidance available
to designers to identify what information needs to be provided to UAV operators to
encourage and promote appropriate awareness and the required level of detail that
it needs to provide (Drury & Scott, 2008). Displaying all the information available
can cognitively overload an operator (Buttigieg & Sanderson, 1991), especially
when the operator is experiencing time pressure and in system architectures where
an operator may be expected to control multiple UAVs (Cummings & Mitchell,
2007). Furthermore, there is limited research on the importance of skills training in
areas of SA and workload management, which can also improve the overall flight
performance.

Literature associated with ‘inhabited’ aviation and air traffic control is well
stocked with studies of awareness that may be useful to informing work on UAV
operations (forexample, Endsley (2000)). However, piloting a UAV is vastly different
from piloting an inhabited aircraft. UAV pilots do not have: (1) the proprioceptive
cues that pilots of manned aircraft have to feel any changes in aircraft attitude or
alterations to the engine vibration signalling speed changes or engine trouble; (2)
an extensive field of vision of the actual aircraft environment; and (3) the reaction
pattern rigorously taught in pilot training programs.

In the literature concerning human factors in UAV operations, a significant
proportion of the research is grounded in military operations (De la Torre et al.,
2016). Correspondingly, State safety regulators are increasingly implementing rules
on the use of UAVs for safety and security reasons. These developments further
emphasise the importance of controlling the use of UAVs in airspace, and also the
importance of appropriate and supportive training for future UAV operators, where
challenges associated with human factors are included.

Human error is the common reason stated for an aircraft accident. However,
human error is often linked to a latent condition hidden within the entire operation.
Such conditions may include high (or low) workload, fatigue, and limited knowledge
of the situation or inadequate training. These are just a few of the many causes that

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

can reduce pilot performance and result in an accident (Manning, Rash, LeDuc,
Noback, & McKeon, 2004). In the UAV context, further support for this is found
in a study by Tvaryanas, Thompson, and Constable (2005). In this research it was
found that a significant number of the UAV incidents that occurred over 10 years
of U.S. Army, Air Force, and Navy/Marines UAV operations were due to human
factorsissues such as workload, attention, and crew coordination and communication.

Although automation is being used increasingly in the development of UAVs,
it is important to note that automation can also have the effect of increasing the
workload of the operator and reducing situational awareness (Ruff, Narayanan,
& Draper, 2002). Furthermore, high levels of automation can also reduce the
opportunity for the operator to promptly intervene when overriding automation
may be necessary (McCarley & Wickens, 2005). For this reason, automation and
its range of functions should not completely remove human intervention (Hopcroft,
Burchat, & Vince, 2006).

In human factors research, it is apparent that greater performance success occurs
when the systems and equipment are designed to account for human beings, rather than
removing humans from the system entirely (Abbott, Slotte, & Stimson, 1996). The
benefits and strengths of combining humans and robots to achieve cooperative tasks
has become widely acknowledged (Crandall & Cummings, 2007). Manipulating the
levels of autonomy of the robot to cater for human input provides a good opportunity
to achieve an optimal combination in mixed human/robot teams. At the heart of
this assumption is the notion that robot performance is improved with human input
(Kaupp & Makerenko, 2008). Thus, if human input is critical to UAV operations,
then it is necessary to understand the variables that affect human performance,
specifically in tasks where an operator interacts with a UAV. This will likely lead
to the best performance of the operator to complete a task in the most efficient and
effective way while reducing the risk of possible accidents or failures. This will also
provide greater appreciation for NTS when recruiting and training these people.

Considering the rapid pace of UAV evolution, it is critical now for airspace
designers, planners, transport and safety regulators to recognize the potential for UAV's
to introduce new operational challenges within the entire air transport system. The
integration of UAVs into non-segregated air spaces (i.e. airspace that may include
manned aircraft) raises many complex and potentially demanding technical, political
and economic issues (Nisser & Westin, 2006). Some of the most urgent questions to
be addressed, however, are those corresponding to human factors (Gawron, 1998).

Studies into aviation human factors can be dated back some seven decades ago.
Since then, there has been a significant body of theoretical and empirical research
that has been dedicated to human performance aspects of manned flight. While this
body of research is useful in helping to address some of the impending challenges
facing UAV operations, it is apparent that there are significant differences between
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the key human factors issues associated with manned flight and remotely piloted
flight. This chapter is important to the UAV body of literature as it attempts to
highlight these key differences. It is hoped that developing an appreciation of two
key non-technical skills training requirements associated with UAV operations will
be instructive and informative to future UAV policy makers, designers, regulators
and training providers.

As technology and automation develop rapidly, there are many emerging human
factors challenges associated with UAV operations now and into the future. The
emergence of threat and error management training has highlighted the important
safety link between human factors challenges and appropriate non-technical skill
training. This chapter focuses on two of these non-technical skill training requirements
relating to remotely piloted aircraft systems in civilian aviation operations including:
situational awareness; and workload management. While the two are heavily integrated,
the following sections will address each issue consecutively. Each important non-
technical skill is discussed with regards to the history and importance of the skill to
air transport pilots of manned aircraft, while highlighting the pressing nature of such
issues in UAV operations. This will be followed by suggested solutions to address
these challenges. The solutions present research addressing the improvement to UAV
operator skills of SA and workload management while discussing the technical and
non-technical perspectives.

MAIN FOCUS OF THE CHAPTER
Issues, Controversies, Problems
Situational Awareness (SA)

From the perspective of an aircraft pilot, SA means holding a mental picture of
the existing inter-relationship of flight conditions, geographic location, aircraft
energy state and configuration, as well as any other factors that may impact the
aircraft’s safety (e.g., terrain proximity, airspace restrictions, weather and potential
obstructions). Some possible consequences of poor situational awareness may
include outcomes such as controlled flight into terrain (CFIT), los of control, loss
of separation, airspace violation, heavy icing, or an unexpected confrontation with
wake vortex turbulence.

Endsley (2000) suggested a definition of SA as “the (1) perception [noticing]
of the elements in the environment within a volume of time and space, the (2)
comprehension of their meaning, and the (3) projection of their status in the near
future” (p. 5). This three-stage definition can be further understood by highlighting
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three significant features. Firstly, SA involves cognition and working memory (the
short-term information store that can be quickly forgotten if not practiced repeatedly),
rather than action and response. Strong SA can bolster good selection of action, yet
it is not naturally a part of that choice. Secondly, SA is associated with dynamic,
evolving situations, and as such, is not the same as the more static knowledge
provided by long-term memory (e.g., understanding of how systems work, or what
procedures to follow). Thirdly, the content or the outcome of SA is different from
the process of maintaining SA (Adams, Tenney, & Pew, 1995).

A pilot who is situationally aware is able to promptly access an accurate mental
picture of the dynamic environment that is extensive and more enduring than that
which is held within the limited capacity of the working memory, or “consciousness”.
A pilot that displays good SA may not be thinking consciously about the aircraft
operating close by. However, if required to suddenly respond appropriately to this
situation, can do so quickly and accurately because of an ability to quickly access
specific information from memory (Kintsch & Ericsson, 1995). It is evident that
the non-technical skill of good situational awareness has the effect of reinforcing a
pilot’s ability to respond to the unexpected (Wickens, 1999). Thus, aircraft design
features that enhance routine performance may reduce SA, creating an effect, which
‘tunnels’ a pilots attention to focus on the expected events and tasks.

The notion of SA also has direct implications in the design and operation of
UAVs. In the context of UAVs, SA is broadly defined as the operator’s awareness
of the status and alterations in a machine’s operation (Mouloua, Gilson, Kring, &
Hancock, 2001). This awareness should provide the operator with the ability to react
quickly and appropriately to unexpected events (Weimer, 1995). High levels of SA
will support positive UAV mission performance (Mouloua, Gilson, Kring, et al.,
2001) while poor SA is often linked to operator errors (Barnes and Matz (1998).

Endsley (2000) claimed thatitis “goals” that are the cornerstone to the development
of SA. In the goal-driven process, the operator is seeking information that assists
in achieving the goal, the operator chooses mental models to complement the goal,
the operator then combines the goals and their related mental picture to explain,
incorporate and filter information.

A study conducted by Wickens and Dixon (2006) investigated how mission goals
can impact on the operator in simulated UAV flights. In this study, operators were
asked to track the UAV to waypoints while also required to report on “command
targets,” seek out camouflaged “targets of opportunity” and identify and respond
to system failures onboard. In one experiment, the operators were exposed to two
potential automation failures (i.e., autopilot failure and auto-alert system failure).
The tests helped to uncover that unreliability in both types of failures has the effect
of degrading operator performance. However, it was also found, that this degrade
performance was less significant for unreliability in autopilot systems. Wickens and
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Dixon (2006) propose that the difference was due to the operator’s priorities in that
environment. In these experiments, the operator considered that the navigation and
performance of the UAV was of greater importance to the success of the mission
than health monitoring of the UAV.

If SA needs can be identified for safe UAV operations, and we can dissect SA into
parts that an operator includes in his assessment of the current UAV state, we can
vastly enhance human-UAV communication and control and create more appropriate
interfaces for UAV operators. For example, Mouloula, Gilson, Kring, and Hancock
(2001) assert that displays that allow the system structure and processes to be more
visible to the operator will help in highlighting options for action, that can assist
the operator to maintain SA.

The research attempting to resolve SA issues in UAV operations stems from
discussions with cognitive psychologists regarding the ‘shared fate’ phenomenon.
This phenomenon suggests that because the ground operators do not share the same
fate as the UAV, they may maneuver the UAV in a more aggressive manner that
may increase the likelihood of accidents.

Workload Management

The design of aircraft cockpits has evolved rapidly over the past three decades. The
increasing use of automation in the cockpit has resulted in an important systems
management dimension to stick-and-rudder flying. Consequently, research has seen
and increased focus on the mental workload of flight crew and air traffic controllers
(Funk, Suroteguh, Wilson, & Lyall, 1998; Schutte & Trujillo, 1996; Wickens, 2003).
Workload has been an important focus in research as errors can be prompted
when mental task demands exceed human operator capabilities. The outcome of such
errors can severely impact safety. In an effort to respond to increased automation, the
mental demands imposed by a human-machine interface need careful consideration
in conjunction with the physical task-load that automation can also create.
Workload can be defined as the composite of the demand for labor and the
human response to this demand (Mouloua, Gilson, Daskarolis-Kring, et al., 2001).
Measurement and assessment of workload has become a significant theme in
research. Subsequently, the research has promoted the development of systems for
human-machine communication in an effort to enhance safety, health, efficiency,
and operator success in the long term (Rubio, Diaz, Martin, & Puente, 2004). Within
air transport operations, workload levels can vary between long periods of low
workload and short periods of high workload. Work design that is effective often
aims to circumvent such extremes of either high or low demand, which can be a
threat to the continued maintenance and effectiveness of skills (Sauer, Wastell, &
Hockey, 1996). Additionally, extended periods of high workload can lead to reduced
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attention, higher levels of stress and fatigue, reduced flexibility, and information
processing short-comings (Connors, Harrison, & Akins, 1985).

A-range of tools is available which attempt to assess and forecast mental workload.
These methods are commonly separated into the three categories: (1) performance
based measures; (2) subjective measures, and (3) physiology based measures
(Meshkati, Hancock, & Rahimi, 1992). The subjective methods have demonstrated
dominance in measuring the workload of the operator. The rationale behind the
frequent use of subjective methods is founded in the practical advantages (simplicity
of implementation) and access to ongoing data. These elements can bolster the
ability of subjective methods to offer perceptive measures of the operator’s mental
workload (Rubio et al., 2004).

Wiegmann and Shappell (2001) suggest that human error is a considerable
contributing factor to accidents in commercial aviation. Such errors are also
common to UAV pilots including: failure to commence appropriate maneuvers;
failure to recognize auditory or visual alerts; failure to maintain sound SA; and
poor decision-making.

In the field of human factors, workload is considered the total of the task demands
that are imposed on an operator, as well as the subjective response of the operator
to those specific demands. Factors such as expertise, noise, stress, time pressures,
and distraction can shape how the human performs a given task. For example, one
specific task may represent an appropriate level of workload for an experienced
operator. However, the same task may fatigue or exhaust a novice. Generally, there
is an important distinction made between task-load (the objective demands of a
task) and workload (the subjective demand experienced while performing the task).

In the context of UAV operations, one workload concern is associated with the
possibility that automated Communication, Navigation and Surveillance (CNS)
systems may interfere with operator workload. Past experiences have allowed the
aviation community to appreciate that automation can sometimes have the unintended
consequence of increasing workload. Sarter, Woods, and Billings (1999) suggested
that automation has not resulted in reducing workload and errors. Rather, automation
has simply changed the nature of workload and error or shifted these problems in time.
This is evident in the early glass cockpit aircraft designs, such as the Airbus A320,
and the Boeing B757 where the Flight Management Systems (FMSs) presented the
unintended effect of reducing workload during the low demand phases of flight (e.g.,
during cruise), but increasing already high workload during high demand phases
of flight (such as late arrival runway changes, which require FMS reprogramming.

Many of the automated systems provide a support to pilots during low workload
phases of the flight, but often hinder the pilot at times when automation is required
most. In air transport, high workload flows are often experienced during descent and
approach to an airfield, working on checklists, briefing crew and communication
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with Air Traffic Control (ATC). Directions and clearances/requests for ATC can
often require additional changes to the planned flight path. This flight management
combined with the close proximity to the ground forces the pilot to be more conscious
and aware of errors, while being more cautious when making decisions (Sarter et
al., 1999).

It is ironic that the workload often recedes just prior to high workload phases,
which often creates a considerable transition challenge for the pilot. Low (2004)
found that reduced workload and improved system performance could be attained
with the application of intermediate levels of automation, which require continued
human involvement, instead of highly or fully automated systems that remove the
operator from an active role. Mouloulaetal. (2001) suggest thatbecause UAV control
is likely to be highly automated and the operator’s tasks are essentially focused on
supervisory monitoring, UAV systems need to be designed to remove both over-load
and under-load. One plausible solution is to merge manual and automated control,
assigning the operator with higher order tasks.

Humans have a limited capacity for information (Broadbent, 1958; Klingberg,
2000). As soon as the information flow is greater than the human operator’s ability
to mentally process the information, any additional information can no longer be
attended to, or may displace other information and tasks already being processed.
When this occurs, there are only two options available: shedding less important
tasks, or performing all of the tasks at a less than optimal level.

Effective workload management ensures that the essential operations are
completed by planning and logically sequencing them to reduce any opportunity
for work overload. As a pilot increases their level of experience, they learn to
identify and recognize future workload requirements and subsequently preparing
for high workload periods during periods of low workload. While automation has
the potential for reducing operator workload, in the case of UAV operations, the
challenge for safety-efficient operations will be to determine if automation actually
reduces workload and what level and degree automation will be integrated into such
operations.

Early UAV research assumed that UAV operators would have some degree
of responsibility for actually flying the UAVs in addition to other tasks such as
navigation and management of payload. Studies such as Wikens, Dixon, and Chang
(2003) and Ruff et al. (2002) reveal that while UAV operators are assigned various
control responsibilities such as navigation, and execution of mission, they are limited
in their ability to control multiple vehicles, even when supported by automation.
However, enhancements in technology and technical design is giving rise to a future
where UAV operators may be operating more than one or two UAVs (Cummings,
Bruni, Mercier, & Mitchell, 2007). Effective solutions to workload management
challenges will be required.

10
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SOLUTIONS AND RECOMMENDATIONS
Developing UAV Operator Skills in Situation Awareness

Maintaining SA is critical to aviation safety. For the operation of highly autonomous
UAVs, there are a number of factors that can collectively be extremely challenging
to maintain SA. These factors include:

Display design that may not be ideal for maintaining SA;

The removal of the pilot from the aircraft, resulting in sensory isolation;
Delays in data links, low-grade quality of images from onboard sensors; and
Lengthy periods of monitoring highly automated systems, leading to the
operator feeling ‘out of the loop’.

Ll

These factors are discussed in the following sections, while presenting current
research proposing solutions to these factors.

Principles of UAV Display

Australian mission control element (MCE) operators for the deployment of the
Global Hawk in 2001 rated status displays and controls in the MCE as consistently
unacceptable (Hopcroft et al., 2006). Within the report, there were a number of
areas identified as troublesome including the physical location and arrangement
of the displays spaced too far apart, and the difficulty in reading displays due to
fonts and colours applied). While the Global Hawk is a highly automated UAV in
terms of automated decision making and flight control and is predominantly used
for surveillance activities (Stacy, Craig, Staromlynska, & Smith, 2002), the case
study serves to illustrate the key design failures that impact on UAV operation and
a pilot’s ability to maintain SA.

The concerns highlighted by the Global Hawk operators suggest that there are
some standard design guidelines that UAV designers may have failed to observe.
Seven crucial principles of aviation display design have been defined by Wickens
and Hollands (2000).:

1. Principle of Information Need: When information is required more frequently,
it should be displayed in a location that is easily accessible by the operator;

2. Principle of Legibility: For displays to be of use to the operator, they should
be understandable. As such, displays should be of the appropriate size with
adequate contrast, brightness, illumination and volume (for auditory displays),
to provide relevant information in a timely and comprehensible fashion;
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3.  Principle of Display Integration/Proximity Compatibility Principle:
When operators are required to compare and integrate more than one source
of information, those sources should be located in close proximity within the
display;

4.  Principle of Pictorial Realism: The display should pictorially represent the
information and associated trends;

5.  Principle of the Moving Part: The moving element on a display should reflect
the moving element as perceived in the mental model of the operator;

6. Principle of Predictive Aiding: Predictive information of the aircraft state
is valuable only when it is accurate, reliable and easy to comprehend by the
operator; and

7.  Principle of Discriminality: A display element in the context of one situation
should not be represented in a similar way (look, sound or feel) to another
element that may occur in the same display situation.

Unfortunately, the MCE displays used in the Global Hawk Australian demonstration
0f 2001 appear to have ignored many of these display design principles. For example,
operators commented on the difficulty of reading displays. This stems from the
importance of the principle of legibility. There were also complaints on the spread
of the displays, which appears to highlight the violation of the principle of proximity.
These examples illustrate that there are fundamental design issues associated with
the presentation that need careful consideration when investigating the human
machine integration component of UAV operation. As such, in resolving SA issues
in UAV operations, it is important to consider the principles outlined by Wickens
and Hollands (2000).

The Removal of the Pilot From the Aircraft
Resulting in Sensory Isolation

The second impact on situational awareness for UAV operators relates to the
consequence of the operator being separated from the aircraft. Such a separation
means that the operator is then deprived of many of the sensory cures that are
normally available to the pilot of a manned aircraft. Unlike an inhabited aircraft,
where the pilot receives direct sensory information from the environment in which
his/her vehicle is operating, the UAV operator can only receive sensory information
from onboard sensors via data link. For many UAV operators, this generally includes
visual imagery, which often covers a limited field-of-view. The sensory cues that
are lost for UAV operators include ambient visual information, vestibular input,
and sound. When compared to the pilot of a manned aircraft, the UAV operator
is required to perform in what is considered “sensory isolation” from the vehicle
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in his/her control. Research is critical to pinpoint specific ways in which sensory
isolation impacts on operator performance in the many tasks and various stages of
UAV flight. More importantly, research is required to investigate advanced display
designs, which may provide compensation for the lack of direct sensory input from
the physical environment in which the aircraft is operating.

Researchers such as Ruff et al. (2002), Calhoun, Draper, and Ruff (2002), and
Dixon, Wickens, and Chang (2003) looked closely at the benefits of multimodal
displays to UAV operators. Ruff et al. (2002) studied the benefits of haptic displays
in warning UAV operators to the onset of turbulence. For UAV operators with a
conventional display, turbulence is realised entirely by disturbances in the camera
image that comes from UAV onboard sensors. Ruff et al. (2002) revealed that
haptic information transmitted through the joystick control column enhanced the
UAV operator’s SA in a simulated UAV approach and landing task although these
improvements were experienced in limited circumstances (i.e., only when turbulence
occurred far from the runway). Nevertheless, such results suggest that there is merit
in multi-modal displays in an effort to compensate for lost sensory information found
in UAV operations. More research is required to understand the costs and benefits
of multimodal displays in resolving UAV operator’s sensory isolation issues, and
to determine optimal design for these displays.

Considering the lack of multisensory cues available to UAV operators, Wickens
and Hollands (2000) argue that the installation of multisensory interfaces would be
of great benefit as multi-sensory interfaces may help to reduce the high workload
that can sometimes be experienced by a UAV operator, particularly when one
sensory mode (e.g., visual) is overwhelmed with information sources (Calhoun
et al., 2002). This suggestion in founded in the Multiple Resource Theory, which
proposes that different sensory modalities utilise different attentional resources
(Calhoun et al., 2002).

We have established that pilots of manned aircraft have access to much
multisensory information, which helps to understand the status of their aircraft
within its environment (Draper, Ruff, Repperger, & Lu, 2000). This information
includes the visual input, vestibular and auditory information that provides pilots
with the cues regarding speed of travel, angle of bank, the geographic elements
within the vicinity, weather conditions, and the health of the aircraft. Hopcroft et
al. (2006) suggest that UAV operators can also access much of this information via
their instruments and displays. Unfortunately, monitoring these displays and their
instruments may be considered more laborious and not suited to the building of SA
in the way pilots of manned aircraft do.

Draper et al. (2000) raised the possibility of augmented reality and synthetic
vision to better understand the benefits of supplemental sensor input. Similarly,
Van Erp and Van Breda (1999) have suggested that such augmented reality displays
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can offer significant improvements in accuracy and lower the cognitive demands
of target tracking with a payload sensor, leading to improved UAV flight control.
More recently Ruano, Cuevas, Gallego, and Garcia (2017) presented an Augemented
Reality (AR) tool for UAV operators. This tool has two functionalities for medium-
altitude long-endurance UAVs: route orientation; and target identification. Route
orientation allows the operator to identify upcoming waypoints and the route that
the UAV will follow. Target identification provides a fast target localization, even
in the presence of obstructions. The experiments demonstrate that such an AR tool
significantly improves situational awareness of the UAV operator (Ruanoetal.,2017).

Although these initial studies provide some evidence that multi-sensory interfaces
may improve the performance of UAV operators, more investigation is required. The
problems that result from sensory isolation for control of highly autonomus vehicles
as opposed to manually controlled vehicles is still not clear, and any interactions of
interface type with the experience level of the UAV operator is not clearly understood.
Questions that future studies may answer include:

1.  Will the provision of multisensory cues be as effective in situations where
the UAV operator has less control over the aircraft (i.e., highly autonomous
UAVs)?;

2. Would a licensed aircraft pilot benefit more from multisensory cues than a
non-pilot due to previous experience in manned aircraft? (Tvaryanas et al.,
2005); and

3. Areimitating cues normally present in a manned aircraft (e.g., ambient noise)
beneficial to UAV operators, or are they more beneficial simply to make more
effective use of attentional resources? (Draper et al., 2000)

Data Link Delays and Sensor Imagery

The problems associated with delays in data links and dropouts are of greatimportance
to UAV flights due to the ability to interfere with the aircraft control (Mouloula
et al., 2001). The UAV operation involving highly autonomous UAVs with pre-
programmed flight plans may be less of a concern. However, there may still be some
risk in disrupting the operation where the UAV operator is required to intervene
with the autonomous flight such as navigating to waypoints. The bandwidth and
time interval (between stimulation and response) limitations of the data links that
transmit the images from the sensors onboard the UAV to the image quality control
workstation means that timeliness and the quality of the images received can be
poor (McCarley & Wickens, 2005). Environmental conditions and visual displays
that are highly cluttered can also make images difficult to comprehend (Calhoun,
Draper, Abernathy, Patzek, & Delgado, 2005).

14

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Van Erp (2000) suggests that problems resulting from the limitations of data
links may be resolved with the transmission of task critical information only. Van
Erp (2000) also comments on image parameters that can be critical in the control
of unmanned ground vehicles such as magnification factors, field size, colour
application, update rates, spatial resolution, monoscopic/stereoscopic viewing,
viewing direction, and aiming. By extension, it would seem appropriate to identify
what information is critical for control of UAVs and to examine and determine how
the data link capacity may be used in the most efficient way.

Calhoun et al. (2005) revealed the SmartCam3D System (SDS) and considered
a more advanced system for the augmentation of camera imagery. The SDS draws
together the imagery from the camera and a 3D computer-generated representation
of what the camera should be capturing. This system has a number of benefits
including picture-in-picture presentation, which provides video footage as a picture
surrounded by the synthetic graphics, to enhance the field of vision.

Although there is a dearth of specific UAV information relating to augmented
reality displays, there is a significant body of research on augmented reality more
generally (Green, Billinghurst, & XiaoQi, 2008). There is evidence of the use of
augmented displays in teleoperation activities such as robot operations on space
shuttles, as well as for scientific and medical visualization (Kipper & Rampolla,
2013). Yet, the study of the various human factors issues relating to the application
and use of augmented reality displays relating to UAV ground stations s still required.

The appropriate level of augmentation for optimal interpretation of UAV imagery
is yetto be determined. In addition, the associated risks of UAV operators placing too
much confidence in the augmented imagery also need to be determined (McCarley
& Wickens, 2005). Cognitive tunnelling, that may result from excessive focus on a
certain element of synthetic vision can also lead to the deterioration of the sensor
images and this also requires further investigation (Yeh & Wickens, 2001).

Lengthy Periods of Monitoring Highly Automated Systems
Leading to the Operator Feeling ‘Out of the Loop’

There is a broad spectrum in UAV operations regarding the degree to which flight
control is automated. In some instances, the aircraft is manually guided using stick
and rudder controls, where the UAV operator receives visual imagery from a front
facing camera mounted on the vehicle. In other instances, the control is automated
only partially, where the operator may select the necessary parameters through an
interface in the ground control station. Again, in other instances, control of the
UAV may be fully automated, where an autopilot retains flight control accessing
pre-populated flight coordinates. The manner of flight control used during takeoff
and landing, can also differ from the manner of control used en route. The associated
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benefits of each variation of flight control may be different depending on the function
of the time delays in communication between operator and UAV and the quality of
visual imagery as well as other sensory information provided to the operator from
the UAV.

From the perspective of improving SA, more investigation is needed to understand
the interaction of human operators and the automation in UAV flights. Dixon et al.
(2003) revealed that when the flight control is allocated to an autopilot, this may
free some attentional resources and improve the operator’s fault detection abilities.
This improvement in abilities was obtained even where the autopilot was not entirely
reliable.

For example, in a simulated UAV supervisory monitoring task, Ruff, et al (2002)
identified that there were different benefits for automation that is managed by consent
(i.e., automation that suggests an appropriate course of action but does not act until
the operator gives approval). There were also identified benefits where automation
is managed by exception (i.e., automation which performs a recommended course
of action unless it is otherwise commanded by the operator). Further research is
still required to identify which of UAV operator tasks (e.g., traffic detection, flight
control, system failure detection) should be automated and what levels of automation
are optimal.

Training Situation Awareness in UAV Operators

We have previously established that designing an interface that offers an operator an
appropriate level of awareness of the activities of the UAV under the operator’s control
and of other operator’s involved in the mission is crucial in reducing information
overload, distraction, mis-communication and coordination breakdowns. However,
supporting operator SA involves more than simply providing information.
Improved UAV designs and better flight training are important processes that
help increase SA capability of pilots. Bolstad, Endsley, Costello, and Howell
(2010) investigated the effectiveness of six modules of training for developing and
maintaining SA by using the general aviation version of the Situation Awareness
Global Assessment Technique (SAGAT) installed on a computer located next to
the simulator to measure SA. The study found that the training modules improved
participants’ performance on these targeted skills. Results also provided promising
support for the effect of the training modules in improving situation awareness.
Sorenson, Stanton, and Banks (2011) compared three theoretical frameworks
covering psychology, engineering and systems ergonomics for further understanding
and improving pilot SA. While engineering and psychology offer considerable
knowledge in our understanding of SA, both disciplines rarely consider the interaction
between the individual, the artefact and the context in which they operate. However,
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the systems ergonomics perspective offers a more holistic framework to investigate
SA by exploring the complex interaction between the individual operator, the artefact
and their environment. Matthews, Eid, Johnsen, and Boe (2011) also explored SA
assessment utilizing an observer and self-rating methods under highly stressful and
challenging training conditions. The findings revealed that subjective SA measures
would not likely produce defensible estimates of SA in extreme conditions. Another
study found that following a malfunction in a flight simulator, the eye movements of
an experienced pilot significantly differed from a novice pilot, suggesting a different
disruption to SA (van de Merwe, van Dijk, & Zon, 2012).

Throughout a mission, a pilot commonly alters their levels of supervisory
control between a full auto pilot and other modes. This is certainly common in a
UAV operating environment, and depends greatly on the level of autonomy and
supervision required in various stages of flight. These transitions will involve some
risks and potential reduction in flight performance or an unacceptable change in
workload or SA (Nguyen, Lim, Duy Nguyen, Gordon-Brown, & Nahavandi, 2018).

Hainley, Duda, Oman, and Natapoff (2013) measured a pilot’s performance,
SA and work load over a number of automation mode transitions, in an effort to
construct objective measures of gracefulness during mode transition. The experiments
demonstrated that mental workload increases, and SA decrease in a monotonic
fashion, with relation to the number of manual control loops the pilot is required
to close as a result of the flight mode transition. The research also highlighted the
reduced attention of the pilot to fuel status, terrain and altitude during times of high
workload due to the attentional demands of manual control tasks.

Cuevas and Aguiar (2017) evaluated a behavioural measure to assess SA and
understand how specific operator characteristics (knowledge, skills, and abilities
(KSAs))impacton the success of the missionin UAV operations. The results revealed
that participants with greater manned flight experience performed better with respect
to SA elements because, as expected, pilots of manned aircraft generally receive
rigorous human factors and/or CRM training throughout their flight training (Cuevas
& Aguiar, 2017). The study also demonstrated a statistically significant positive
correlation between gaming experience with First-Person Shooter (FPS) games and
indicators for spatial orientation (Cuevas & Aguiar, 2017). The researchers explain
that this result is most likely due to the requirement for spatial awareness in these
kinds of games where the player is an avatar in a virtual world. For the player to
succeed, they must possess the skill to receive and comprehend all the available
information to correctly assess their situation (Cuevas & Aguiar, 2017).

While the majority of these studies investigated manned flight operations, there
are very limited studies that investigate effective assessment and training programs
to enhance SA in UAV operations. Yet, many of the findings are relevant to UAV
operations and provide a solid platform from which appropriate UAV operator
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training programs to enhance the non-technical skill of SA may be constructed.
Perhaps the most striking findings, that best inform improvements to SA training
for UAV operators are summarised below:

e  UAV operators with greater manned flight experience performed better with
respect to SA elements (Cuevas & Aguiar, 2017).

e  UAV operators with gaming experience associated with FPS games showed
improved performance in spatial orientation (Cuevas & Aguiar, 2017).

o  UAV operators trained to effectively manage workload in highly stressful
flight situations are likely to demonstrate positive skills of social cognition
(social SA).

e  UAV operator training needs to include pilot appreciation of the increased
risk associated with transitions and changes in automation modes depending
on the stages of flight. Such transitions will involve some risks and potential
reduction in flight performance or an unacceptable change in workload or
SA (Nguyen et al., 2018). As such, UAV operators need to be provided with
guidance and procedures to assist in SA management during transitions.

Developing UAV Operator Skills in Workload Management

One of the most significant views on human information processing and workload
is the concept that attention is a limited and multi-dimensional resource. There are
a number of persuasive arguments to the commonly termed ‘Multiple Resource
Theory’ (MRT) (Wickens, 2002), which provides a sound explanation on what and
how humans share different tasks. Furthermore, this theory helps describe how
two (or potentially more) tasks can be executed in parallel without any decrease in
performance, when being time-shared. This particular theory has been acknowledged
in highly dynamic multi-task environments such as aviation flight decks, Air Traffic
Management (ATM), and hospital emergency departments.

Wickens (2002) proposed the following diagram that depicts the four categorical
dimensions of mental resources involving, the processing stage, perceptual modalities
(e.g., input and output of visual and auditory information) followed by processing
codes.

Within the Visual Modality, there are also visual channels, which encompass
the variety of processing between focal and ambient vision. The visual channels
help to explain how the resources can be accessed when required. Workload and
coordination costs increase and it is likely that performance will be degraded when
the two tasks are competing for the same resources. On the dimension regarded as
the processing stage, the resource channels used for central processing activities are
distinct from the channels used for selection and execution of responses. An example
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Figure 1. Diagrammatic representation of Wickens’ Multiple Resource Theory
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of how the resources within this dimension can be mixed successfully is when an
air traffic controller can use voice to acknowledge an alteration in an aircraft flight
path (a response demand) while concurrently maintaining an unhindered SA of the
airspace (a perceptual-cognitive demand) (Wickens, 2002). This example explains
that tasks use different processing stages and different resources. An example of a
less effective mix is when trying to comprehend a speech transmission of another
person, while concurrently trying to also respond in a verbal activity. In this example,
two common stage-defined resources are forced to compete, leading to an increased
workload, a strain on working memory, and the potential for error.

The term ‘perceptual modalities’ is often used to describe the various sensory
inputs, most commonly the auditory versus the visual inputs. Wickens (2002)
comments that dividing attention between a single visual and single auditory channel
(cross-modal time sharing) is often better than trying to divide attention between
two visual channels (intra-modal time sharing). A subsequent study (Wickens &
Dixon, 2006) involving experiments alleviating high “triple task” workload showed
that auditory interfaces in UAV systems, compared to the normal visual displays,
markedly reduced workload across multiple resources.

Yet, it is not completely understood why two similar tasks restrict processing,
whether it may be a result of resource competition or other peripheral factors.
Nevertheless, it is considerably easier to process dual visual inputs, compared to
two auditory inputs. Wickens (2002) claims that the basis of these realizations
may hinge on the concept that the two different visual channels, focal and ambient
vision, use separate resources. The focal vision provides humans with the ability to
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recognize patterns, while ambient vision (which is peripheral) is used for sensing
orientation and movement.

Processing codes establish how and why individual resource channels are employed
depending on the activity type being performed. Cognitive processes such as spatial
and verbal processing resources, may be unclear as to which resource channel they
use (Low, 2004). For example, a UAV operator, in an effort to avoid poor weather
conditions, may change the vehicle course using a mathematical calculation (verbal
strategy), or visualizing the vectors of the UAYV, either by the observed camera fed
airspace or on the map display (spatial visualization strategy).

The utilization of the MRT model allows us to forecast the different levels of
interruptions and interference between tasks, and gives guidance to UAV designers
in developing interfaces and displays that aim to reduce workload to an appropriate
level and prohibit any potential for cognitive overload. We can use this work to assist
decision making about when it may be more appropriate to use voice control rather
than manual control, joystick inputs instead of predefined options, or special graphic
(e.g., maps, symbols or graphs) rather than verbal material (e.g., tables or text).

In the case of UAV operations, workload will be altered in the future as we
integrate data from multiple sources, perform more mental (compared to physical)
tasks, and ensure that the tasks can be combined (with reference to MRT), and any
additional or new tasks do not have an overwhelming effect on the computational
abilities of the operator.

Training Workload Management in UAV Operators

For aviation professionals to perform in high-risk environments, they must be proficient
in non-technical skills of SA and workload management. In earlier sections, some
suggestions to enhance UAV operator training programs with regard to SA were
provided. In this section, strategies to enhance UAV operator training specific to
workload management are discussed.

Earlier, we established that perfect automation may offer benefits when workload
is high, because either the task being automated is difficult (Maltz & Meyer, 2003)
or other multi-task responsibilities are in direct competition for the operators’ limited
attentional resources (Wickens & Dixon, 2006).

In the case of UAV operations, workload levels are constantly changing between
extended periods of low workload and intense periods of high workload (De la Torre
et al., 2016). We have discussed the negative impacts on flight performance when
cognitive demands overwhelm the capabilities of the operator, and during long
periods of low cognitive demand. As such, effective work design or work scheduling
generally aims to avoid these extremes of high or low demand.
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The variations in workload raises an important human factor issue concerning
the human weakness in maintaining vigilance during long periods of relatively
low task demand. For this reason, attention and cognitive arousal must remain at
sufficient level to stimulate the correct response to some (unlikely) occurrence, such
as a system breakdown or critical event. Unfortunately, humans have been found to
be particularly bad at sustaining alertness for lengthy periods of time.

When automation is reliable and working as designed, human attention and
monitoring effectiveness naturally decline. Even though a human (UAV operator
or pilot) may be highly motivated, it is unfeasible for them to retain effective
visual attention with regard to an unchanging source for more than thirty minutes
(Bainbridge, 1987).

Finally, De la Torre et al. (2016) explains that there are numerous advantages
in the use of simulators for training future UAV pilots. One of the most significant
advantages in the use of simulators is the ability to train a UAV pilot at reduced
cost, in real-time. However, an important element related to enhancing the non-
technical skill of workload management is that simulator training allows the UAV
pilot to practice problem solving and management methods facing new and often
complex scenarios.

Of all the UAV operator tasks De la Torre et al. (2016) studied in the simulator,
those tasks that related to landing indicated higher error rates. Landing was also
considered the task with higher mental demand. Hart and Hauser (1987) noted the
mental burden on civil aviation pilots during routine flights, documenting high peak
workload during takeoff and landing. Data and outcomes discovered in simulator
training is often similar to that observed in real flight situations (Staffan, 2002).
This emphasizes not only the benefits and effectiveness of simulator training, but
also the important research and learning that can be achieved from simulator work
in terms of how humans perform when interacting with UAVs.

Considering the limitations of humans in cognitive processing, the practicalities
of UAV operations and varied levels of automation, the isolation from the aircraft and
the challenges UAV operators face with regards to extremes in workload levels, the
above-mentioned research provides some interesting insights. These insights help to
provide evidence of the importance of workload management training for future UAV
operators. Perhaps the most striking findings, which may best inform improvements
to workload management training for UAV operators can be summarised below:

e  Workload and schedule planning are an important activity in removing

extreme periods of workload (during both high and low levels of cognitive
demand).
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e  UAV operators need to be aware of attention degradation during periods
of low workload and must allow for task changes as well as considering
procedural activities that stimulate changes in cognitive processing.

e  The use of simulators is evidently beneficial in UAV operator training with
the opportunity to build skills in managing complex situations.

FUTURE RESEARCH DIRECTIONS

Earlier in the chapter, we discussed the value of multi-modal displays as a method
for compensating for sensory information that UAV operators lose with conventional
displays. These displays may impose significant costs for the business. Future
research is required to investigate the costs and benefits of multi-modal displays in
resolving the UAV operator’s sensory isolation as well as the effective management
of workload, and to uncover the optimal design of such displays.

We also discussed the challenges of data link bandwidths, which limit the
transfer of accurate and timely information from the aircraft’s on board sensors
back to the UAV operator. This delayed feedback can hinder the UAV operator’s
performance, response to challenging scenarios and ability to resolve emergency
situations. Additional research is required to identify the effect of reduced spatial
and /or temporal resolution of restricted field of view on other details of UAV
and payload sensor control. Also, related to this challenge is the need for further
research, which investigates the optimal use of available bandwidth by prioritizing
information transfer, based on the stage of flight.

More research is required to examine the effect of augmented reality in an effort
to assist in improving sensor input as this technology has the opportunity to enhance
UAV flight control. Van Erp and Van Breda (1999) discovered that augmented
reality displays could enhance the accuracy and reduce the cognitive demands of
target tracking with a payload sensor. The performance improvements provided by
augmented reality were later also supported by Ruano et al. (2017). By extension,
this technology provides the opportunity to enhance UAV flight control.

More research is required to provide guidance to curriculum designers and
trainers to assist future UAV pilots in managing the complex tasks and demands of
their roles. Dramatic improvements in technology will mean a greater reliance on
automation for many UAV pilots. However, effective human interaction with the
UAV will continue to be a challenge. Nevertheless constant attention to research
and update of training programs will ensure safe and effective UAV operations.
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CONCLUSION

Civilian applications for UAV operations are expanding rapidly. Examples of theiruse
include (but are not limited to): providing disaster relief; transporting vaccinations;
surveying landscapes; capturing geographical and agricultural data; monitoring
sea, land and road operations; and delivering packages. The emergence and growth
of UAV operations has highlighted the urgent need for trained operators to ensure
these systems are used effectively and safely. In this chapter, we have emphasized
the importance and integration of appropriate Non Technical Skills (NTS) training,
particularly Situation Awareness (SA) and workload management, to further improve
UAV mission effectiveness.

We have examined the technical design and human factors challenges impacting
on UAV operations. Technological solutions to improving SA for UAV operators
include consideration of: the principles of UAV display; the removal of the pilot from
the aircraft resulting in sensory isolation; data links and sensor imagery; lengthy
periods of monitoring highly automated systems which lead to the operator feeling
‘out of the loop’. However, the chapter also highlighted important considerations to
inform improvements to training SA in UAV operators including: UAV operators
with greater manned flight experience perform better with respect to SA elements;
UAV operators with gaming experience show improvements in spatial orientation;
procedures and the design of systems should consider supporting crew to better
manage workload during stressful events; and UAV operator training should include
pilot appreciation of increased risk associated with transitions in automation levels.

In this chapter, we also discovered that SA skills are heavily integrated with
workload management skills. Technological solutions to improving workload
management requires aircraft systems, display and interface designers to have a deep
understanding of the Wickens’ (2002) Multi-Resource Theory. This understanding
of human cognition, available resources, processing stages and channels, will better
inform aircraft designers in the strengths and limitations of human processing within
the various levels of automation provided by UAV operations. However, the chapter
also highlighted important considerations to inform improvements to the training of
workload management skills for UAV operators. This includes consideration of: the
importance of workload and schedule planning to remove extreme (high and low)
periods of workload; providing UAV operators with greater awareness of attention
degradation during periods of low workload and providing guidance on strategies to
address this issue; and the benefits of simulator training in allowing pilots to build
skills in managing complex situations.

23

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators
REFERENCES

Abbott, K. A., Slotte, S. M., & Stimson, D. K. (1996). Federal Aviation Administration
Human Factors Team Report on: The Interfaces Between Flightcrews and Modern
Flight Deck Systems. Technical Report. Retrieved August, 2018, from http://www.
tc.faa.gov/its/worldpac/techrpt/hffaces.pdf

Adams, M. J., Tenney, Y. J., & Pew, R. W. (1995). Situation awareness and the
cognitive management of complex systems. Human Factors, 37(1), 85-104.
doi:10.1518/001872095779049462

Astuti, G., Longo, D., Melita, D., Muscato, G., & Orlando, A. (2008). HIL tuning
of UAV for exploration of risky environments. International Journal of Advanced
Robotic Systems, 5(4), 419-424. doi:10.5772/6227

Bainbridge, L. (1987). Ironies of automation. In J. Rasmussen, K. Duncan, & J.
Leplat (Eds.), New technology and human error (pp. 271-283). New York: Wiley.

Barnes,M.J., & Matz, M. F. (1998). Crew simulations for Unmanned Aerial Vehicles
(UAV) applications: Sustained effects, shift factors, interface issues, and crew size.
Paper presented at the Human Factors and Ergonomics Society Annual Meeting,
Santa Monica, CA. 10.1177/154193129804200132

Bolstad, C. A., Endsley, M. R., Costello, A. M., & Howell, C. D. (2010). Evaluation
of computer-based situation awareness training for general aviation pilots. The
International Journal of Aviation Psychology, 20(3), 269-294. doi:10.1080/1050
8414.2010.487013

Brar, S.,Rabbat, R., Raithatha, V., Runcie, G., & Yu, A. (2015). Drones for Deliveries.
Berkeley, CA: Sutardja Center Entrepreneurship Technol.

Broadbent, D. (1958). Perception and Communication. London: Pergamon Press.
doi:10.1037/10037-000

Buttigieg, M., & Sanderson, P. (1991). Emergent features in visual display
design for two types of failure detection tasks. Human Factors, 33(6), 631-351.
doi:10.1177/001872089103300603 PMID:1800293

Calhoun, G. L., Draper, M. H., Abernathy, M. F., Patzek, M., & Delgado, F. (2005).
Synthetic vision systems for improving unmanned aerial vehicle operator situation
awareness. Proceedings of SPIE: Enhanced and Synthetic Vision.10.1117/12.603421

Calhoun, G. L., Draper, M. H., & Ruff, H. A. (2002). Utility of a tactile display
for cue faults. Proceedings of the Human Factors and Ergonomics Society 46th
Annual Meeting.

24

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use


http://www.tc.faa.gov/its/worldpac/techrpt/hffaces.pdf
http://www.tc.faa.gov/its/worldpac/techrpt/hffaces.pdf

EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Casbeer, D., Beard, R.,McLain, T.,Li, S., & Mehra, R. (2005). Forest fire monitoring
with multiple small UAVs. Paper presented at the American control conference.
10.1109/ACC.2005.1470520

Connors, M., Harrison, A., & Akins, F. (Producer). (1985). Living aloft: Human
requirements for extended spaceflight. Retrieved from https://ntrs.nasa.gov/search.
jsp?R=19850024459

Crandall, J. W., & Cummings, M. L. (2007). Developing performance metrics
for the supervisory control of multiple robots. Paper presented at the ACM/IEEE
international conference on human-robot interaction. 10.1145/1228716.1228722

Cuevas, H. M., & Aguiar, M. (2017). Assessing Situation Awareness in Unmanned
Aircraft Systems Operations. International Journal of Aviation, Aeronautics, and
Aerospace, 4(4).

Cummings, M. L., Bruni, S., Mercier, S., & Mitchell, P. J. (2007). Automation
Architecture for Single Operator, Multiple UAV Command and Control. The
International C2 Journal, 1(2), 1-24.

Cummings, M. L., & Mitchell, P. J. (2007). Operator scheduling strategies in
supervisory control of multiple UAVs. Aerospace Science and Technology, 4(11),
339-348. doi:10.1016/j.ast.2006.10.007

De la Torre, G., Ramallo, M., & Cervantes, E. (2016). Workload perception in
drone flight training simulators. Computers in Human Behavior, 64, 449-454.
doi:10.1016/j.chb.2016.07.040

Dixon, S. R., Wickens, C. D., & Chang, D. (2003). Comparing quantitative
model predictions to experimental data in multiple-UAV flight control.

Proceedings of the Human Factors and Ergonomics Society 47th Annual Meeting.
10.1177/154193120304700122

Draper, M. H., Ruff, H. A., Repperger, D. W., & Lu, L. G. (2000). Multi-sensory
interface concepts supporing turbulence detection by UAV controllers. Proceedings
of the First Human Performance, Situational Awareness and Automation Conference.

Drury, J. L., & Scott, S. D. (Producer). (2008). Awareness in UAV Operations.
Retrieved from http://www.cs.uml.edu/~holly/91.550/papers/Drury_Scott_UAV-
Awareness.pdf

Endsley, M. R. (2000). Theoretical Underpinnings of Situation Awareness: a Critical
Review. In M. R. Endsley & D. J. Garland (Eds.), Situation Awareness Analysis and
Measurement. Mahwah, NJ: Lawrence Erlbaum Associates.

25

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use


https://ntrs.nasa.gov/search.jsp?R=19850024459
https://ntrs.nasa.gov/search.jsp?R=19850024459
http://www.cs.uml.edu/~holly/91.550/papers/Drury_Scott_UAV-Awareness.pdf
http://www.cs.uml.edu/~holly/91.550/papers/Drury_Scott_UAV-Awareness.pdf

EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Funk, K., Suroteguh, C., Wilson, J., & Lyall, B. (1998). Flight deck automation
and task management. Paper presented at the IEEE 1998 International Conference
on Systems, Man, and Cybernetics, New York, NY. 10.1109/ICSMC.1998.725523

Gawron, V. J. (1998). Human factors issues in the development, evaluation, and
operation of uninhabited aerial vehicles. Paper presented at the Associations of
Unmanned Vehicles Systems International.

Green, S., Billinghurst, M., Chen, X. Q., & Chase, J. G. (2008). Human-Robot
Collaboration: A Literature Review and Augmented Reality Approach in Design.
International Journal of Advanced Robotic Systems, 5(1), 1-18. doi:10.5772/5664

Gupta, S. G., Ghonge, M. M., & Jawandhiya, P. M. (2013). Review of unmanned
aircraft system (UAS). Technology, 2(4).

Haidari, L., Brown, S., Ferguson, M., Bancroft, E., Spiker, M., Wilcox, A., & Lee,
B. (2016). The economic and operational value of using drones to transport vaccines.
Vaccine, 34(34), 4062-4067. doi: 10.1016/j.vaccine.2016.06.022 PMID:27340098

Hainley,J. C.J.Jr,Duda, K.R., Oman, M., & Natapoff, A. (2013). Pilot performance,
workload, and situation awareness during lunar landing mode transitions. Journal
of Spacecraft and Rockets, 50(4), 793-801. doi:10.2514/1.A32267

Hart, S. G., & Hauser, J. R. (1987). Inflight application of three pilot workload
measurement techniques. Aviation, Space, and Environmental Medicine.
PMID:3593142

Helmreich, R. L., & Merritt, A. C. (2000). Safety and error management: The role
of crew resource management. In B. J. Hayward & A. C. Lowe (Eds.), Aviation
resource management (pp. 107-119). Aldershot, UK: Ashgate.

Helmreich, R. L., Merritt, A. C., & Wilhelm, J. A. (1999). The evolution of crew
resouce management. The International Journal of Aviation Psychology, 9, 19-32.
doi:10.120715327108ijap0901_2 PMID: 11541445

Helmreich, R. L., & Wilhelm, J. A. (1991). Outcomes of crew resource management
training. The International Journal of Aviation Psychology, 1(4), 287-300.
doi:10.120715327108ijap0104_3 PMID:11537899

Hopcroft, R., Burchat, E., & Vince, J. (2006). Unmanned aerial vehicles for maritime
patrol: Human factors issues (No. DSTO-GD-0463). Air operations division: Defence
sicenice and technology organisation Edinbrgh (Australia).

26

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Kaupp, T., & Makerenko, A. (2008). Measuing human-robot team effectiveness
to determine an appropriate autonomy level. Paper presented at the Robotics and
automation, 2008, ICRA 2008, IEEE international conference.

Kintsch, W., & Ericsson, K. A. (1995). Long term working memory. Psychological
Review, 102(2), 211-245. doi:10.1037/0033-295X.102.2.211 PMID:7740089

Kipper, G., & Rampolla, J. (2013). Augmented Reality: An emerging technologies
guide to AR. Waltham, MA: Elsevier.

Klingberg, T. (2000). Limitations in information processing in the human brain:
Neuroimaging of dual task performance and working memory tasks. Progress in
BrainResearch, 126,95-102.doi:10.1016/S0079-6123(00)26009-3 PMID:11105642

Kontitsis, P., Tsourveloudis, G., & Valavanis, P. (2003). A UAV based automated
airborne survellance system. Paper presented at the 11th Mediterranean conference
on control and automation, Rhodes, Greece.

Lauber, J. K. (1987). Cockpit resource management: Background and overview.
In H. W. Orlady & H. C. Foushee (Eds.), Cockpit resource management training:
Proceedings of the NASA/MAC workshop (pp. 5-14). Moffett Field, CA: NASA-
Ames Research Center.

Low, 1. (2004). A Tool for the Assessment of the Impact of change in Automated
ATM Systems on Mental Wokload (Report: HRS/HSP-005-REP-03). Brussels:
European Air Traffic Management (EATM).

Maltz, M., & Meyer, J. (2003). Use of warnings in an attentionally demanding
detection task. Human Factors, 43, 217-226.

Manning, S. D., Rash, C. E., LeDuc, P. A., Noback, R. K., & McKeon, J. (2004).
The Role of human causal factors in US army unmanned aerial vehicle accdients
(No. USAARL-2004-11). Fort Rucker, AL: Army Aeromedical Research Lab.
doi:10.21236/ADA421592

Matthews, M. D., Eid, J., Johnsen, B. H., & Boe, O. C. (2011). A comparison of
expert ratings and self-assessments of situation awareness during a combat fatigue
course. Military Psychology, 23(2), 125-136. doi:10.1080/08995605.2011.550222

McCarley, J. S., & Wickens, C. D. (2005). Human factors implications of UAVs in
the national airspace. Aviation Human Factors Division: University of Illinois at
Urbana-Champaign.

27

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Meshkati, N., Hancock, P., & Rahimi, M. (1992). Techniques in mental workload
assessment. In J. Wilson & E. Corlett (Eds.), Evaluation of human work. A practical
ergonomics methodology (pp. 605—627). London: Taylor & Francis.

Mouloua, M., Gilson, R., Daskarolis-Kring, E., Kring, J., & Hancock, P. (2001).
Ergonomics of UAV/UCAV mission success: Considerations for data link, control

and display issues. Paper presented at the Human Factors and Ergonomics Society
45th Annual Meeting, Santa Monica, CA. 10.1177/154193120104500231

Mouloua, M., Gilson, R., Kring, J., & Hancock, P. (2001). Workload, Situation
Awareness, and Teaming Issues for UAV/UCAV Operations. Paper presented
at the Human Factors and Ergonomics Society 45th Annual Meeting.
10.1177/154193120104500235

Nguyen, T.,Lim, C. P, Duy Nguyen, N., Gordon-Brown, L., & Nahavandi, S. (2018).
A Review of Situation Awareness Assessment Approaches in Aviation Environments.
Eprint ArXiv 1803 (08067) Retrieved 29 December, 2018, from https://arxiv.org/
ftp/arxiv/papers/1803/1803.08067.pdf

Nisser, T., & Westin, C. (2006). Human Factors Challenges in Unmanned Aerial
Vehicles (UAVs): A Literature Review. Lund University: School of Aviation.

Rathinam, S., Almeida, P., Kim, Z., Jackson, S., Tinka, A., & Grossman, W. (2007).
Automous searching and tracking of a river using an UAV. Paper presented at the
American control conference.

Reason, J. (1997). Managing the risks of organizational accidents. Aldershot, UK:
Ashgate.

Ruano, S., Cuevas, C., Gallego, G., & Garcia, N. (2017). Augmented Reality Tool
for the Situational Awareness Improvement of UAV Operators. Sensors (Basel),
17(2), 297. doi:10.339017020297 PMID:28178189

Rubio, S., Diaz, E., Martin, J., & Puente, J. (2004). Evaluation of subjective mental
workload: A comparison of SWAT, NASA-TLX, and workload profile methods.
Applied Psychology, 53(1), 61-86. doi:10.1111/j.1464-0597.2004.00161 .x

Ruff, H. A., Narayanan, S., & Draper, M. H. (2002). Human interaction with levels
of automation and decision-aid fidelity in the supervisory control of mulitple
simulated unmanned air vehicles. Presence (Cambridge, Mass.), 11(4), 335-351.
doi:10.1162/105474602760204264

28

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use


https://arxiv.org/ftp/arxiv/papers/1803/1803.08067.pdf
https://arxiv.org/ftp/arxiv/papers/1803/1803.08067.pdf

EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Sarter, N. B., Woods, D. D., & Billings, C. E. (1999). Automations Surprises.
Columbus, OH: The Ohio State University, Cognitive Systems Engineering
Laboratory.

Sauer,J., Wastell, D., & Hockey, G. (1996). Skill maintenance in extended spaceflight:
Ahuman factors analysis of space and analogue work environments. Acta Astronautica,
39(8), 579-587. doi:10.1016/S0094-5765(97)00006-4 PMID:11540781

Schutte, P. C., & Trujillo, A. C. (1996). Flight crew task management in non-normal
situations. Paper presented at the 40th Annual Meeting of the Human Factors and
Ergonomics Society, Santa Monica, CA. 10.1177/154193129604000422

Sorenson, L. J., Stanton, N. A., & Banks, A. P. (2011). Back to SA school: Contrasing
three approaches to situation awareness in the cockpit. Theoretical Issues in
Ergonomics Science, 12(6), 451-471. doi:10.1080/1463922X.2010.491874

Stacy,N.J.S.,Craig,D. W., Staromlynska, J., & Smith, R. B. (2002). The Global Hawk
UAV Australian deployment: imaging radar sensor modifications and employment

for maritime surveillance. Paper presented at the Geoscience and Remote Sensing
Symposium 2002. 10.1109/IGARSS.2002.1025623

Staffan, M. (2002). Similarities and differences in psychophysiological reactions
between simulated and real Air-to-ground missions. The International Journal of
Aviation Psychology, 12(1), 47-61.

Thomas, M. J. W. (2004). Predictors of Threat and Error Management:
Identification of Core Nontechnical Skills and implications for Training Systems
Design. The International Journal of Aviation Psychology, 14(2), 207-231.
doi:10.120715327108ijap1402_6

Tvaryanas, A. P., Thompson, B. T., & Constable, S. H. (2005). U.S. Military Unmanned
Aerial Vehicle Mishaps: Assessment of the Role of Human Factors using HFACS,
Technical Report. Brooks City-Base, TX: USAF Human Performance Directorate.

van de Merwe, K., van Dijk, H., & Zon, R. (2012). Eye movements as an indicator
of situation awareness in a flight simulator experiment. The International Journal
of Aviation Psychology, 22(1), 78-95. doi:10.1080/10508414.2012.635129

VanErp,J. B.F. (2000). Controlling unmannedvehicles: The human factors solution.
Paper presented at the RTO Meeting Proceedings 44 (RTO-MP-44).

Van Erp, J. B. F., & Van Breda, L. (1999). Human factors issues and advanced
interface design in maritime unmanned aerial vehicles: A Project Overview (Report
TNO TM-99-A004). Soesterberg, The Netherlands.

29

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

Weimer, J. (1995). Research techniques in human engineering. Englewood Cliffs,
NJ: Prentice Hall.

Wickens, C. D. (1999). Cognitive factors in aviation. In Handbook of applied
cognition (pp. 247-282). John Wiley & Sons.

Wickens, C. D. (2002). Multiple resources and performance prediction. Theoretical
Issues in Ergonomics Science, 3(2), 159-177. doi:10.1080/14639220210123806

Wickens, C. D. (2003). Pilot actions and tasks: Selection, execution, and control.
In P. Tsang & M. Vidulich (Eds.), Principles and Practice of Aviation Psychology
(pp. 239-263). Mahwah, NJ: Erlbaum.

Wickens, C. D., & Dixon, S. R. (2006). Human machine interface analysis of
unmanned vehicle systems (Technical report HFD-06-1/MAAD-06-01). Savoy,
IL: University of Illinois, Institute of Aviation, Aviation Human Factors Division.

Wickens, C. D., & Hollands, J. G. (2000). Engineering psychology and human
performance (3rd ed.). Upper Saddle River, NJ: Prentice Hall.

Wiegmann, D. A., & Shappell, S. A. (2001). Human error perspectives in aviation.
The International Journal of Aviation Psychology, 11(4), 341-357. doi:10.1207/
S153271081JAP1104_2

Wiener, E. L., Kanki, B. G., & Helmreich, R. L. (1993). Cockpit resource management.
San Diego, CA: Academic.

Wikens, C. D., Dixon, S., & Chang, D. (2003). Using Interference Models to Predict
Performance in Multiple-Task UAV Environment - 2 UAVs: AHFD-03-9/MAAD-03-
1. Savoy, IL: Aviation Human Factors Division, Institute of Aviation, Universit of
[llinois at Urbana-Champaign. doi:10.21236/ADA496812

Yeh, M., & Wickens, C.D. (2001). Display signalling in augmented reality: Effects of
cuereliability and image realism on attention allocation and trust calibration. Human
Factors, 43(3), 355-365. doi:10.1518/001872001775898269 PMID:11866192

ADDITIONAL READING

Bennet, W., Jr., Bridewell, J. B., Rowe, L. J., Craig, S. D., & Poole, H. M. (2016).
Training Issues for Remotely Pilot Aircraft Sytems from a Human Systems Integration
Persective. In N. J. Cooke, L. J. Rowe, W. Bennett, D. Q. Joralmon (Eds.), Remotely
Piloted Aircraft Systems (pp. 163-176). John Wiley & Sons.

30

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Non-Technical Skills (NTS) Training for UAV Operators

De la Torre, G., Ramallo, M., & Cervantes, E. (2016). Workload perception in
drone flight training simulators. Computers in Human Behavior, 64, 449-454.
doi:10.1016/j.chb.2016.07.040

Drury, J. L., & Scott, S. D. (Producer). (2008). Awareness in UAV Operations.
Retrieved from http://www.cs.uml.edu/~holly/91.550/papers/Drury_Scott_UAV-
Awareness.pdf

Endsley, M. R. (2000). Theoretical Underpinnings of Situation Awareness: a Critical
Review. In M. R. Endsley & D. J. Garland (Eds.), Situation Awareness Analysis and
Measurement. Mahwah, NJ: Lawrence Erlbaum Associates.

Hing, J., & Oh, P. Y. (2009). Development of an Unmmaned Aerial Vehicle Pilot
System with Integrated Motion Cueing for Training and Pilot Evaluation. Journal
of Intelligent & Robotic Systems, 54(1-3), 3—19. doi:10.100710846-008-9252-3

McCarley, J. S., & Wickens, C. D. (2005). Human factors implications of UAVs in
the national airspace. Aviation Human Factors Division: University of Illinois at
Urbana-Champaign.

Riganati, J. P., & Harrison, G. (2016). The Path Forward for Remotely Piloted
Aircraft Systems. In N. J. Cooke, L. J. Rowe, W. Bennett, D. Q. Joralmon
(Eds.), Remotely Piloted Aircraft Systems (pp. 223-240): John Wiley & Sons.
doi:10.1002/9781118965900.ch10

Wiegmann, D. A., & Shappell, S. A. (2001). Human error perspectives in aviation.
The International Journal of Aviation Psychology, 11(4), 341-357. doi:10.1207/
S153271081JAP1104_2

KEY TERMS AND DEFINITIONS

Artefact: Shein’s model of culture is well established in the aviation human
factors area. Shein divides organizational culture into three levels. One level refers
to artefacts, which are the visual organizational structures and processes that are
easy to identify, yet are hard to understand.

Flight Management Systems (FMS): A fundamental component of a modern
airliner’s avionics and a specialized computer system that automates a wide variety
of in-flight tasks, reducing the workload on the flight crew.

Fly-by-Wire: A semi-automatic and typically computer-regulated system for
controlling the flight of an aircraft that replaces the conventional manual flight
controls of an aircraft with an electronic interface.
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Haptic Displays: Haptic technology or kinesthetic communication recreates
the sense of touch by applying forces, vibrations, or motions to the user. Haptic
devices may incorporate tactile sensors that measure forces exerted by the user on
the interface.

“Inhabited” Aviation: An aircraft that is controlled by a pilot that inhabits the
aircraft cockpit during operation.

Non-Technical Skills (NTS or NOTECHS): Encompasses attributes including
the ability to recognize and manage human-performance limitations, to make sound
decisions, communicate effectively, lead, and work as a team and maintain situation
awareness. When coupled with strong technical skills, NTS is the difference between
performance that is acceptable and performance that is outstanding.

Situational Awareness: The perception of environmental elements and events
with respect to time or space, the comprehension of their meaning, and the projection
of their future status.

Stick-and-Rudder: A colloquialism used in the aviation industry to refer to the
manual manipulation of controls in the cockpit to manage the flight path of an aircraft.

Threat and Error Management: The process of identifying and responding to
threats with appropriate countermeasures to reduce or remove their consequences
and mitigate the probability of errors.

Vestibular Input: The sensation of any change in position, direction, or movement
of the head. The receptors are located in the inner ear and are activated by the fluid
in the ear canals moving as you move.
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ABSTRACT

This chapter presents the role, functions, and prospects of civil unmanned aerial
vehicles development, as well as technical and regulatory barriers to the introduction
of unmanned aircraft into special cargo transportation technology. The authors’
main idea is that the degree of UAV involvement in freight traffic will continue to
grow rapidly as the range of UAV flight and carrying capacity increases, and the
air law is liberalized. It is proposed to evaluate the economic efficiency of UAV
application and their share in the market for the transportation of urgent and
perishable goods using the methodology based on the principles of logistics and
mathematical modeling. In the formulated model, the process of special cargoes
delivery by unmanned aerial vehicles is integrated into the supply chain by all
modes of transport along the set route network, taking into account the requirements
formulated by the freight forwarder, carrier, and logistics company.
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INTRODUCTION

The world economy globalization and the processes connected with this phenomenon
largely influenced the overall structure of the world markets of air transportation and
freight forwarding, including those requiring special delivery and storage conditions.
On the one hand, the Freight Forwarding Companies (FFC) have significantly
expanded the range of services. On the other hand, the client’s demands for the
goods delivery have increased, in particular in terms of comprehensive services,
the full responsibility of the FFC for delivery management, shipment processing,
formalities, cargo collection and consolidation etc.

Special, perishable and dangerous goods delivery is a popular and interesting
market segment for FFC. To ensure effective delivery of special cargo, it is required
to consider the whole chain of cargo delivery and take steps to minimize the time
of goods delivery. This requirement is particularly important for regions with
poorly developed transport connections, where it is unfeasible to use the charter
flights or aviation. However, as it often happens in business, the relevant solution
to the problem was found in military aviation, which has been using unmanned
aerial vehicles (UAVs) in its operations for a long time. The civil UAV test flights
performed in some countries of Europe, Africa, and Asia with the aim of medicines
delivery to inaccessible communities and food (pizza, beer) supply to the vicinity of
the city were done with minimal costs and minimal risks (Domino’s, 2016, Bryan,
Char, 2014, Rosen, 2017).

The objectives of this chapter are to educate the reader with information concerning
theoretical and methodological approaches and practical recommendations for
managing the economic efficiency of multimodal delivery of special cargoes with
an emphasis on the capabilities and prospects of using UAVs. To achieve this goal,
the following sequence of studies is determined:

1. About the present and future of UAV.
2. Role of UAV in forwarding operations.
3. Special cargo delivery modeling.

The authors of this work are not deluded by numerous iridescent publications in
the media about the fast and widespread use of UAVs in many spheres of our life
and, first of all, in the goods transportation. There are many barriers, which should
be overcome in this unquestionably innovative direction, namely the technical,
organizational and economic ones. The most important barrier is the regulatory
one. Carriers and FFCs, apparently, should not waste time in anticipation of the
final version of the legislation on UAV flights regulation, but to prepare for such a
desired invasion of drones in advance.

34

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Delivery of Special Cargoes Using the Unmanned Aerial Vehicles
BACKGROUND

21st century aviation is the unmanned aviation era. The impetus to the intensive
development of unmanned aviation, as well as many other high-tech branches of
engineering science, was the widespread use of unmanned aerial vehicles in the
armed forces of the United States, Israel and other countries. More than 100 years
ago, Nikola Tesla developed and demonstrated a miniature radio-controlled vessel
(Cheney, 2001). Since then, the theory and practice of unmanned aviation has made
a huge leap from the unmanned aerial vehicle to the unmanned aerial system. For
clarity, some core definitions are specified below.

According to the ICAO Doc 9854 (2005), unmanned aerial vehicle is a pilotless
aircraft in the sense of Article 8 of the Convention on International Civil Aviation,
which is flown without a pilot-in-command on-board and is either remotely and fully
controlled from another place (ground, another aircraft, space) or programmed and
fully autonomous. An unmanned aerial system (UAS) includes not only the UAV,
but also additional components, such as an autonomous or human-operated control
system, a command and control system, technical personnel, software, means of
integration with other systems, technical and regulatory documentation (Fetisov,
2014). Appropriately equipped UAVs determine the UAS industry specialization,
for example, agrarian, transport or military UAS, etc.

UAVs are manufactured all over the world. USA, Israel, Germany, France, Japan,
China and a few other countries are the leaders in this segment. According to PwC’s
study (2016), the commercial application of drone technology, the emerging global
market for business services using drones is valued at over $127 bn. A considerable
share should be attributed to the cargo unmanned aviation, namely $13 bn.

Today, over dozens of companies, from small start-ups to world-known
manufacturers, are working at the creation of multi-rotor UAVs. However, the
development of the cargo UAV market towards UAV integration into a single airspace
is hampered by technical and regulatory barriers. These problems are not solved
completely in any country in the world. For example, Ukraine has been taking just
the first steps in this direction. In 2018, to ensure safe flight operations of general-
purpose drones within Ukrainian airspace, the State Aviation Service of Ukraine
published a new draft concept. The introduction of electronic registration and
certification, as well as the right to control the unmanned systems depending on their
size and destination is considered for the first time. These measures should greatly
simplify the fly-over permission. However, this document should be supplemented
by a number of supporting documents containing the detailed rules and guidelines.
For now, unmanned systems are purchased by entities having special powers (border
guards, army, the Ministry of Emergency Situations) without waiting for the creation
of aregulatory framework. Currently, the responsibility for commercial UAVs flights
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rests with the operator. The issues of certification, insurance, and registration have
not been addressed entirely yet.

Among the technical barriers, it should be noted that the most UAVs are not
equipped with an obstacle recognition and collision avoidance system, which leads
to an increased UAV accident rate (Brar et al., 2015).

Autopilots of some UAV models are less than perfect but used for the sake of
sparing the cost and weight of the onboard equipment. There is one vulnerable link
in the UAV control system. This is a need for continuous information exchange
with ground control points. It is very difficult to ensure a high level of reliability of
the large volume of transmitted data. In the simple version, they can be suppressed
by noise.

In this chapter, the aviation transport term shall mean a system of means, including
the traditional civil aircraft (airplanes and helicopters) and UAVs used to carry
cargoes for certain purposes. In the course of its development, unmanned aviation
will complement the manned one, and in the foreseeable future, it will be able to
replace the same, where UAVs prove to be more efficient. Below, in particular,
when the process of special cargo delivery is described by mathematical model,
the aggregate fleet of aircraft is considered without its division into manned and
unmanned ones.

ABOUT THE PRESENT AND FUTURE OF UAV
Role of Cargo UAV in Air Transportation

According to ICAO forecast, the global freight traffic is expected to grow 4.4 per
cent annually by 2032 (ICAO, 2016). It would seem that there is no reason for air
carriers’ concern over the next 6-7 years. However, “not everything is so smooth in
the Danish kingdom.” The adverse factors include the peculiarities of the cargo and
passenger flow formation, which almost never coincide; a wide range of parameters
of the carried goods by weight, dimensions, values, urgency of delivery, packaging
conditions, environmental hazards and so on. It is not always possible for carriers
to solve the FFCs’ tasks by means of traditional vehicles and logistics.

What to do in this difficult situation? It is not new in the history of technology
development when the solution is offered by IT applications in the field of robotics
and mechatronics. The idea of drone use for commercial cargo delivery is in the air.
Despite the existing administrative barriers, the enthusiasts and corporations are
investing heavily in the development of this direction, and it looks like it is already
paying off. Only a few years have passed since the first publications on the delivery
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of goods by non-military UAVs were perceived almost as a sensation. And now
serious projects with real results began to appear.

Here are a few examples of the most outstanding projects in which their developers
have demonstrated the role of cargo UAVs in the future of air transportation not
only by words, but also by products ready for serial production.

In December 2016, Amazon, the largest Internet retailer, announced its fastest
way to deliver purchases by copters — Amazon Prime Air (Amazon Prime Air, 2016).
According to Amazon, through this service, the goods purchased from Amazon
online store can be delivered to the customers within 30 minutes, which is 4 times
faster than the current fastest deliver service, Amazon Prime Now.

DHL, which is one of the largest logistics companies in the world, shows a steady
interest in the use of UAVs for the delivery of goods. Flight tests were conducted in
autumn 2014. Within 3 months, drones transported medicines and essentials from
Nordeich, Germany, to the island of Joust, Germany. The flight route ran over the
North Sea and was 12 km long (Bryan & Char, 2014).

In 2016, Zipline from California, in agreement with the government of the
African state of Rwanda, began delivering donor blood and medications by UAV's
(Rosen, 2017).

Modeling the delivery of medicines to the refugee camp in Haiti, Matternet from
California debuted with the use of drones in 2012. Based on the data obtained during
these tests, it was claimed that the cost of delivering 2 kg of cargo over a distance
of 10 km was 24 cents (The Guardian, 2013).

In February 2017, the postal giant UPS announced the field trials of a postal
van, which was at the same time an aerodrome for drones. The concept of using
this machine is the same as in Matternet and Mercedes-Benz project. The van with
parcels drives up to the village, and then the drones deliver parcels to the addressees
(Stewart, 2017).

The Domino’s Pizza projects of pizza delivery by drones are impressive in their
depth and diversity (Domino’s, 2016). In June 2013, the company introduced a
conceptual model for the delivery of pizza by DomiCopter UAVs.

The precedent has already been established; UAVs are now used for air cargo
transportation. However, before the expected future of universal UAV application
comes, a number of challenges would need to be overcome. The most important
of them is to find a balance the interests of all parties who use the UAVs. FFC are
interested in effective delivery, citizens need acomfortable environment, and the state
needs to maintain the security of the country. Only if such balance is maintained,
the desired efficiency of UASs can be achieved.
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Functional Capability of Cargo UAV

The main characteristics by which the cargo UAV is evaluated include the load-
carrying capacity. Not every drone can be considered a cargo UAV. Not only the
total load capacity of the cargo UAV (which can be quite significant), but also its
ability to carry cargo of different sizes and different weights is important.

Cargo UAVs must have a load gripper, to which a transported object can be
hooked, or which can capture the same. The simplest example is a hook, but it can
be slings, chains, special grippers, manipulators, cargo compartments and so on.
If the cargo UAV design does not provide for the possibility of installing a load-
handling device, the transportation of the goods can be seriously hampered or even
impossible. In professional models, capable of lifting several kilograms of cargo
into the air, the fixtures should not only ensure the required reliability, but also allow
fast fastening and unhooking the cargo.

The issue of the Cargo UAV reliability is equally important. Some of the models
are equipped with parachutes, allowing a smooth landing even in the event of failure
of all engines. Almost always, there is a video camera on board. It is usually used
for the First-Person View (FPV) control. Cargo UAV with a large load capacity also
have a high degree of autonomy and are able to travel long distances on one battery
charge or on one fuel tank refueling. The visual contact with the cargo UAV can
be lost quickly, while the camera allows the operator to maneuver the drone. Video
broadcast to the console or to the screen of the mobile device helps controlling.

Another main limiting factor is the flight duration, which is greatly influenced by
the energy consumption per unit of flight time of the cargo UAV, all other conditions
being equal. Despite the general fascination with cargo copters and convertiplanes,
the UAVs of the traditional airplane scheme are undeservedly ignored. If you compare
cargo copters and Cargo Unmanned Aerial Plane (UAP), to date, the copter design
is inferior to the aircraft design by a number of characteristics. Difficulties begin
when trying to transport a light, but space-occupying cargo. The increase in sailings
leads to the copter diversion from the course and may even cause an accident.

Powerful brushless engines installed on copters are able to lift a significant weight
in the air, but they consume a lot of energy, like the unmanned helicopters powered
by batteries. The larger the battery capacity, the more expensive, larger, and heavier
it is, and therefore, it proportionally consumes a part of the copter payload. The
flight time on one battery rarely exceeds 40 minutes. A light cargo of up to 1 kg can
be raised by many amateur copters. The best professional copters raise 225 kg or
more in the air. For example, a Norwegian start-up, Griff Aviation, has developed
aradio-controlled copter, Griff 300 (Coxworth, 2016), which is capable of carrying
a cargo of 225 kg and fly over 30 minutes. American Advanced Tactics introduced
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AT Transporter, a multi-purpose ATC capable of carrying cargo up to 544 kg at a
speed of 113 km h at an altitude of 3 km (Blain, 2017).

Weather conditions are one of the significant problems for copters. Unlike
UAVs of the aircraft type, copters barely tolerate light rain, but they cannot fly
in a downpour, snowfall, strong wind, fog, or heavy snow. Negative temperatures
have a negative effect on batteries, which quickly lose capacity. The only, perhaps,
advantage of copters as compared to UAVs of the aircraft type is the possibility of
vertical takeoff and landing; in many cases it makes it allows delivering cargo “door
to door”, although in the logistics supply chain, this advantage can be utilized only
in part because of the limited flight range of the modern copters.

Atthe same time, cargo UAPs are able toraise tens and hundreds of kilograms, and
in the near future even tons of payload. Let’s start with a small UAP DR-60 (Figure
1), developed in Ukraine by the head of AeroDrone, Y. Pederi. This multi-purpose
UAP develops a cruising speed up to 100 km/h and can carry 60 kg of payload at the
distance of 150 km; the maximum flight time is 90 minutes; the maximal altitude is
2000 m. The takeoff and landing of this UAP requires a ground only 150 x 15 m.

In 2017, the Chinese cargo drone AT200 (Figure 2), developed based on a light
multipurpose New Zealand aircraft P750XL, made its first flight (Fisher, 2017). The
aircraft can carry 1500 kg of payload at a distance of 2,180 km with a maximum
cruising speed of 300 km/h, the duration of the flight is 8 hours, the practical
maximal altitude is 6100 m, the cargo compartment volume is 10 cubic meters, and
the runway length is 200 m.

The history of the cargo UAP AT200 creation can be considered as a practical
implementation of a theoretical approach to aircraft design, published by Belan,
Yun, and Gnashuk (2018). It is obvious that any aircraft, including UAYV, initially
developed to address specific tasks, will be more efficient than an upgraded, re-
equipped manned aircraft similar to a New Zealand aircraft P750XL. However, it
should be borne in mind that a successful selection of a manned prototype can make
an unmanned conversion preferable to the originally designed, generally accepted
version. This approach to the creation of a new UAV has a number of advantages,
such as cost savings for the design, production and testing phases; availability and
logistics of spare parts; possibility of using the existing service base; reduced UAV
project development and serial production launch timelines. The authors use the
“conversion” term to denote the process of transforming the manned aircraft into
UAV for their subsequent economically and technically efficient use in various
economy sectors. The effectiveness of such UAVs will largely be determined by
the quality of conversion as mentioned above. To solve the conversion problem, a
corresponding theoretical base, some combination of algorithmic and software tools,
as well as technical means ensuring a complete cycle of testing the UAV control
systems in all flight modes are required.
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Figure 1. Unmanned aerial plane DR-60
(https://smartdrones.ua/products/dr-60, 2018)

Perspectives of Cargo UAV

In fact, one can imagine many scenarios in which the use of UAVs for cargo
transportation will be justified. They are able to do a lot, from pizza delivery to
the transportation of special cargoes in cities, at the regional level and even within
the country. Most of the routine tasks will be performed without an operator. The
international transportation is still a dream to be gradually prepared for. Artificial
intelligence will take care of paving the optimal route, takeoff and landing, as well
as aircraft return to the base.

To date, the most promising direction is the use of cargo UAVs in the delivery of
urgent and perishable goods, which the authors call special cargo. One of the barriers
(an, probably, the principal one), constraining the use of freight UAVs, as the authors
see it, is the state regulation, or rather, an almost complete lack of understanding
of how the industry of unmanned transport should work. It is difficult to engage in
commercial cargo transportation where the rules of work are unknown and it is not
clear whether the permission to use UAVs will be obtained and who should issue it.

Of course, there are certain security requirements. Accidental or deliberately
directed drop of the drone with the cargo can lead to injuries and even death of
people, fires, and destruction of strategically important objects. Only the correct
models should rise in the air, and their routes should pass away from the crowded
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Figure 2. Unmanned aerial plane AT200
(https://www.janes.com/article/75309/china-s-at200-cargo-uav-to-supply-military-installations-in-
south-china-sea, 2017)

places. Otherwise, the reliability of drones should be so high that they could be
safely run over the city.

The State Aviation Service of Ukraine intends to regulate the use of UAVs in the
country. The office has developed a draft concept to ensure the safety of general-
purpose, sports and amateur, UAV flights. UAV certification is suggested. The
certificate will cover all the components required to perform the controlled flight.
To determine the UAV classification, the following criteria will be evaluated: flight
weight, range of action and method of control (within visibility, outside visibility
and along the programmed trajectory), as well as kinetic energy upon UAV collision
with an obstacle.

Also, the draft regulation suggests defining the drone operators (‘“‘external
pilots”) as a new category of pilot. Their duties are proposed to be equated to the
duties of pilots of the manned aircraft; for this purpose, it is proposed to develop
the certificate of the external pilot, in which the required qualification notes and
restrictions will be specified.

The integration of drones into the air traffic environment will be implemented
in two phases. Prior to the introduction of a special regulatory framework, it is
proposed to allow the drone flights only in reserved airspace or at small altitudes
(150 m outside the settlements and crowded places) at the weather safe for visual
flights (the height of the lower border of the clouds min 450 m and the horizontal
visibility min 5,000 m). Within settlements, the drones will run only based on separate
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permits, issued by the aviation and local authorities. It is proposed to introduce the
obligatory insurance of commercial UAVs.

Today, all UAV developers, operators and amateur enthusiasts are outraged by
the slow solution of problems so important for many sectors of the economy and
citizens of the country by the state regulators. Still, there is hope, the ice has moved.
The first documents appeared, in which the regulator tries to define the rights and
obligations of those who are not indifferent to the fate of unmanned aviation.

Role of UAV in Forwarding Operations

The attraction of unmanned aircraft to the transportation of goods, in particular
special ones, according to the authors, will occur in several stages. At the initial
stage, they will be used to transport the goods with small weight and volume on
short routes, mainly in regions barely accessible for the other types of vehicles.
As the carrying capacity and the range of UAV flight increase, and the regulatory
legislation, including the international one, is liberalized, the share of UAV freight
traffic will only grow.

The global economy continues to develop and form the global supply chains. This
process is actively promoted by the IT penetration and development of theoretical
foundations of the network economy (Lu, Wang, 2008; Velthuijsen, Frank, 2014).
Based on the network economy, an appropriate scientific direction is formed, studying
the benefits of merging into various networks, including the transportation and
supply networks. At the same time, the role of not only the FFC, but also the carrier
in the global supply networks is changing, since now it must not only ensure the
transportation of cargo, but also take an active part in the formation of supply chains.

The processes of general and special cargo transportation have significant
differences and require special regulation. When transporting special cargo, the risks
are inherent in the cargo nature. The likelihood of losses during the transportation
of special cargo, in contrast to the general cargo, is also greater. However, for the
customers, an important issue is not the possibility of compensation for damages
by the carrier, but the delivery of goods in good quality at an acceptable time,
especially those with specific properties. According to the IATA definition, special
cargoes are the goods requiring the most urgent delivery and observance of special
transportation conditions (IATA, 2018).

For the successful transport of special cargoes using the aviation transport, it is
also required to consider the fact that the aviation component in the delivery chain
requires qualitative interaction with the other modes of transport. Therefore, the actual
task for the FFC in the matter of organization of cargo transportation using UAV
is to ensure the safety of transportation, safety of cargo, and economic efficiency.
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The steps to prevent the emergence of risks certainly require costs, so in order to
ensure the economic efficiency of the delivery of special cargoes, it is required to
determine the cost price of technologies for servicing all links in the cargo delivery
chain. Optimization of insurance coverage for the special cargo transportation is only
one of the steps to minimize risks. The core actions should be the risk prevention
and control.

For example, such a measure may be procedures for licensing and certification
of carriers for the delivery of special categories of goods using UAV, as well as
licensing and certification of handling companies for performance of the relevant
loading and unloading operations. Control by the authorized bodies should be aimed
atensuring the safety of transportation, which is especially important for the delivery
of dangerous goods and goods, which are simultaneously dangerous and perishable.

The cargo safety depends on the coordination of organizational, economic,
technical and technological measures implemented by the FFC, airlines, airports
and other stakeholders, which, of course, significantly complicates the delivery
process and requires the development of multimodal technologies, appropriate
software products, considering the features of using the UAVs. Increased demand for
air cargo transportation has led to an increase in the average lifting capacity of the
cargo UAVs, the average length of flight, and focus on development of autonomous
flight control systems.

For pharmaceutical companies, the criteria determining the delivery chain
effectiveness may include minimum costs, flexible and timely supply, as well as
risk minimization (Jaberidoost et al., 2013; Scott et al. 2017).

Consequently, there arises the problem of accounting for multiple criteria when
delivering the products of pharmaceutical and biomedical industry, whichis supposed
to be one of the main customers of special cargo transportation services using UAVSs.

To develop the recommendations of achieving the economic efficiency of UAS,
we also define the main internal and external factors which, in the opinion of the
authors, should be considered in planning and optimizing the delivery of special
cargoes. The internal factors include the costs of the delivery organization, the
technology of cargo consignment formation, the choice of the optimal transportation
route, the mode of transport, the carrier, and the cargo handling technology. The
external factors include potential and effective demand, requirements for transport
safety, cargo safety and transportation quality. Internal factors depend on the goods
properties and technologies used in FFC, while the external ones are determined by
the requirements and constraints established by the authorized organizations (for
example, aviation authorities, ICAO, IATA) and customers.

Figure 3, representing a simplified process of arranging the delivery of special
cargo using the air transport provides an understanding of the need for a central
warehouse (this may be the airport cargo terminal) to ensure the turnover of special
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Figure 3. Scheme of organization of special cargo transportation services using
air transport
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On almost all continents, there are territories where the points for collection of
special cargoes are located in small and medium-sized towns, where it is impossible,
and sometimes unfeasible to arrange the regular and charter flights of traditional
aircrafts.

UAVs may be involved in the process of transporting a special cargo from the
shipment point to the delivery point both at the collection point, i.e. the central
warehouse in the aviation terminal, and at the central warehouse of the delivery
point. It is impossible to say a priori which parts of the routes will be assigned to
certain types of UAVs, and which ones - to the ground vehicles. The answer can
be obtained only by solving an optimization problem, the mathematical model of
which is set out herein below. Obviously, the solution will depend on the technical
and economic parameters of the UAVs (payload weight, flight range, cruise speed,
tariffs and fees, requirements for take-off and landing characteristics, etc.), the
number of UAVs of each type in the fleet, as well as competing modes of transport.

Considering the efficiency criteria listed above, factors and general ideas about
the delivery of special cargoes using the aviation transport, we will determine the
stages of FFC decision-making for process optimization.
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Step 1: The sub-problems for delivery of consignments of special cargoes by road
and/or cargo UAVs are solved by the criterion of the minimum total costs
at the stage of assembly of individual samples, packaging, provision with
refrigerants, formation of cargo units and consignments for delivery. The result
of solving such a sub-problem is the optimal plan for the delivery of special
cargoes, that is, the optimal number of cargo units is determined by the types
of packaging and cargo consignments delivered to each collection point to the
central warehouse in the aviation terminal.

Step 2: The coordinating task of delivering consignments of special cargoes in land-
based aviation is being solved. Synchronization of the input and output freight
flows of special cargoes to the central warehouse is carried out and the optimal
plan for the delivery of special cargoes in the land-aviation communication is
established. The optimization criterion is the minimum total costs for delivery
in the automobile-aviation communication over the scheduled period. The
problem solution will result in determination of the structure of FFC operating
expenses.

Step 3: The incomes and profits of FFC are calculated. The revenues are calculated
depending on the volume of cargo transportation and FFC tariffs. The indicator
of the FFC performance is profit. To determine the FFC performance in the
delivery of special cargoes, it is required to assess whether the FFC is satisfied
by the level of profit at the existing tariffs.

Step4: Where the level of profitis unsatisfactory for the FFC, the further optimization
is possible by determining the FFC tariffs at the desired level of profitability,
that is, the inverse problem is solved at this stage. The result of solving this
problem is the FFC tariff system, at which the desired level of profitability is
achieved. FFC efficiency is significantly affected by fluctuations in demand
over the scheduled period. Ignoring the possible changes in demand in the
tariff formation can lead to periodic losses of FFC during the scheduled period.

When searching for the optimal plan of the special cargo delivery, the consignments
are sorted and re-formed, the number of consignments sent and those remaining for
temporary storage is calculated, the urgency of dispatches, storage at departure points,
selection of air carriers, the schedule of flights, ground transportation schedule and
carrying capacity of the cargo UAV is considered.
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SIMULATION OF THE PROCESS OF
SPECIAL CARGOES DELIVERY

Building Models for Efficient Delivery of Special Cargoes

Recent publications offer various models considering the use of UAVs for the goods
delivery at short distances, mainly within the city limits and its suburbs. Murray and
Chu (2015) are developing two models for the delivery of parcels by unmanned aerial
vehicles. These authors developed a model for the parcels delivery by unmanned
aerial vehicles, in which the delivery process is similar to the delivery of fighters to
the place where the combat operation is carried out by an aircraft carrier.

herein this case, the truck with the UAV on board passes most of the way, and
when the distance from the truck to the cargo delivery point becomes less than the
range of the UAV flight, the latter is launched from the truck. Such a tandem strategy
(truck-UAV), apparently, will be quite effective, provided that the UAV can be safely
returned to its launch site, that is, subject to the UAV circuit use.

An interesting model was proposed by Scott and Scott (2017), which considers
the scenario of delivering the emergency medical supplies to remote areas with bad
roads, but too far for the delivery by UAV. Here, too, a tandem strategy is used.
However, in this case, the ground vehicles deliver the goods without the UAV to the
“location”, from where the cargo is further transported by the UAVs. The considered
territory (region) is divided into a number of demand clusters, representing a group
of villages. Each cluster will contain a demand socket. Two types of models with
different optimization criteria are considered.

In this chapter, the process of special cargoes delivery is described using a model
with discrete and continuous variables and non-linear cost functions, taking into
account the non-delivery of intact specimens of special cargoes to the destination
point at a certain time for various reasons. Transportation of the clinical trial results
is associated with the cost of storage facilities for samples at low temperature,
i.e. special containers, dry ice, outer packaging. The weight of the gross cargo
is determined not so much by the weight of the samples, as by the weight of the
additional equipment and materials. The total weight of the cargo depends to some
extent on the number of samples simultaneously prepared for transportation and
packaged. Then the cargo prepared for transportation is sent by land or by air to
the central warehouse. In the central warehouse, samples from different departure
points are sorted and repacked, depending on the destination. Transportation to
destinations is performed by air transport at the tariffs meeting the special cargo
transportation rules.

The process is monitored over time. The planning period can be one month or
several months. The planning period is divided into individual days ¢ .

46

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Delivery of Special Cargoes Using the Unmanned Aerial Vehicles

For each day ¢, the need to send samples of drugs is set, where h;j means the
number of the samples, ¢ € I means the index of the customer (shipfnent point),
j € J means the index of sample destination. Shipment is performed by one batch
once a day only but can be performed not on all days of the week. Accepted and not
dispatched samples can be stored for 24 hours. Thus, the need for shipment of h;
on day ¢ may not be equal to the dispatch of dfj no this day, which allows more
efficient transportation.

However, a part of the samples hgt < hf] must be sent urgently and cannot be
kept for shipping on the next day. The sample type and the analysis to be performed
does not matter, since the weight and volume of the sample are not significant.
Depending on the number of samples df] sent from point ¢ no day ¢, a sample
packaging optionis selected. The chosen packaging optionis described by the weight
g, volume v’ and cost ¢, of packing the samples.

Where the number of samples d; exceeds the capacity of the maximum package,
then the question arises as to the best distribution of the total number of samples
dfj between the packaging options. Namely, let the number of the packaging options
be equal to P . Each option p € P is characterized by the maximum number of
samples J] ~ it can accommodate, external dimensions v, the weight of the package

along with the dry ice g, and the cost ¢, of packing along with the dry ice.

Here we allow a slight simplification, considering that the amount of ice does
not depend on the number of samples in the package. This simplification is not
significant, since such adependence is not significant. The amount of ice can fluctuate
depending on the season, the expected time of delivery to the destination etc.

The task for the entire planning period 7' is to determine for each day ¢t € T’
and each shipping point ¢ € I how many samples di’jﬁ will be sent on that day to the

central warehouse, how this quantity will be distributed by packages, what carrier
to choose, based on the criterion of the minimum total packaging and dry ice,
additional dry ice and storage cost and, in fact, the transportation over the scheduled
period.

Formally, the problem is written as follows:

min (cf’ + S (AR + C™ (v, gf’)), (1)
diokyml er o o

dy =hi —Ahl + AR, d> AR 4R, jed iel teT, (2)

K K
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Yodk >d, jeliel teT, 3)
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de*zh?',]ereIteT 4)
Piil[)
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k‘f’]p_k:ng,pEP jed,iel,tel, &)

=Yg ka, iel, teT, (6)

peP jeJ
ZAU, iel,teT, (7
jeJ
t t .
v, :vazkmﬂ 1el,teT, (8)
peEP jeJ

,:Zgzwjtglzclt iel,teT, )
eP jeJ

jeJ

Ahl =0, 1, 2,...integer, j€J, i€, teT, (10)

k;p =0, 1, 2, ...integer, kzj =0, 1, 2,...integer, pe P, je J,icl, teT,
(11)

Ah} =0, Ah, " =0, icl, jel, (12)
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mell, iel, (13)

where

7 € I means index of sample shipment point;
J means the set of sample destinations;

h;, means the number of samples taken on day ¢ to be shipped to j;

hgt means the number of samples to be sent urgently, hi?t < h; ;

cf means the total cost of packing and dry ice at the standard transportation timelines;

Ah;’ means the total number of samples left for storage after day ¢ ;

Ah; means the number of samples left for storage after the day ¢ to be shipped to
Js

v’ means the total volume of packages shipped on day ¢ ;

3

gf means the total weight of the packages shipped on day ¢ ;

S, means the function of storage costs (mainly the cost of dry ice), depending on
the number of stored samples;

CT means the function of transportation cost for the carrier 7, depending on the
total volume and weight of the packed samples;

¢, means the cost of a packaging option p € P with dry ice;

k;fjp means the total number of packaging options p to be used at point ¢ on day ¢
for shipping to j;

k:f;f means the number of packaging options p to be used at point ¢ on day ¢ for
urgent shipping to j ;

v, means the volume of the packaging option p € P ;

g, means the weight of the packaging option p € P with dry ice;

g, means the average weight of one sample;

dilj means the number of samples sent from point ¢ onday ¢ to j;

J] ~ means the maximum number of samples placed in the package p ;

I, means the set of possible carriers 7 for the shipping point 7 ;

77[' means the carrier selected for day ¢ .

The variables in the model are Ah; AR, kfjp,ki;(éf, ¢, v, g, dfj u o

That is, for each day, a decision is made on how many samples and where will
be sent, how they will be packed, and which carrier will be used. The variables
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affecting the decision are d;, k;p, kif, ' . The problem (1) - (13) is written for each

shipping point ¢ separately, and conditions (2) - (13) are established for each planning
period ¢. (1) is the optimization criterion. The constraints (2) - (13) have the
following meaning: (2) means the conditions for the number of samples shipped on
day t , taking into account those not shipped the day before and left for the following
day, as well as the conditions for the number of samples requiring urgent shipment;
(3) means the condition determining the sufficiency of packages to accommodate
all samples by destination; (4) means the condition determining the sufficiency of
packages to accommodate all samples designated as urgent by destination ; (5)
means the condition of consistency between the number of urgent packages and the
total number of packages; (6) means the cost of packaging and ice; (7) means the
number of samples left to be shipped on the next day; (8) means the total cargo
volume; (9) means the total cargo weight; (10), (11) means the condition for integer
variables (the number of samples) kept for storage and the number of packages;
(12) means the threshold conditions of the dynamic process; (13) means the condition
for choosing a ground carrier.

As a rule, trucking is carried out by evening and night flights. Therefore, the
batches of samples sent on day ¢ arrive at the central warehouse on day ¢ +1,
sorted by the shipping directions, and cargo is formed for shipment to the destination
points. Thus, for each day ¢ + 1 and destination j € J, the weight and volume of
cargo received and subject to shipping are determined. The number of samples by
destination is determined as follows:

d =Yd, vied, (14)

iel
cargo weight by destination:

9" =>9> k, +g,> 4, (15)

peP il el

volume by destination:

U;H - Z Y, Z kfw ’ (16)

peP el

number of packages by type of packages and destination:
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k;‘zj—l - Zkfm ’ A7)

iel
number of packages requiring urgent shipping by type of packages and destination:

Qt+1 __ Qt
RO =%k (18)

p
iel

The further transportation is carried out by air transport. The cost of transportation
is calculated based on the tariffs for transportation of dangerous goods by regular
and charter flights of airplanes, helicopters and UAVs. These tariffs are based on
general tariffs with additional fees and charges. The above model (1) - (13) concerns
the optimization of sample transportation from one clinic (shipping point) to the
central warehouse. Where this transportation is organized by the same FFC, then it
may agree on the receipt of packages with samples from different points and their
shipment by air. In this case, problems (1) - (13), formulated for each separate
shipping point, must be coordinated by a higher-level problem, which we formulate
as follows: it is required to organize the receipt of packages with samples at the
central warehouse in such a way as to minimize the total costs of FFC for delivery
of samples by all shipping points, the cost of the sample air transportation and
storage in clinics and in the central warehouse. Subject to the coordinated receipt
of samples from different clinics at the central warehouse, the number of samples
to be stored in clinics should be determined as a result of solving the coordination
problem. In this case, the variables Ah; become the variables of the coordination

problem, and criterion (1) for the sub-problems of individual shipping points ¢
changes to the following one:

2 (ARY) = S, (AR +min (] +CT (o), o)) )

provided that the conditions of (2) - (13) are met, where Ah" means vector of
variables Ah;, Ah;‘l, j € J .Thatis, problem (19) s solved for each day separately.

The coordination problem determines the total costs associated with the sample
transportation and is recorded as follows:

303 DURTED SIS SPAY ]| NEE)

NY
Ah,fAkW,a] teT \ jeJ peP i€l
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Bo=> kLR =3 "k2  peP jel teT, 1)
icl iel

¢, =k —Ak +AE g > AR+ kYT peP jel teT, (22)

Jp

Z( +glp),j€J,t€T, (23)
epP

v‘j:vaq;p,jeJ,tET, (24)
peP

Ak;’p =0, 1, 2, ...integer, Ak;} =0, Ak;“ =0,peP, jel, teT, (25

Ah, =0, 1, 2,...integer, AR} =0, Ah " =0,icl, jel, teT, (26)

ij

a;eAj,jeJ,teT, (27)
where

C" means the cost function for air transportation by air carrier a; to destination
j depending on the cargo weight and volume;

a;’. means the air carrier selected for day ¢ to destination j ;

s, means the cost of storage of the package type p overnightin the central warehouse;

Zf means function of the cost of shipping the packages from clinic ¢, considering
the storage of samples in the clinic;

Ah'™"" meansthe vector of variables Ah™, Ah'* determining the value of function
AR

2

k]':p means the number of packages of type p received at the central warehouse on

day ¢ for shipping to destination j ;
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k]j(ff means the number of packages of type p received at the central warehouse on

day t forurgent shippingtodestination j (which cannot be retained for shipping
on the next day);

k;;l means the number of packages of type p shipped on the eve of day ¢ from the
shipping point+ to destination j ;

Akz;p means the number of packages of type p not sent to destination j on day ¢
(retained for storage overnight) on day ¢ ;

q;p means the number of packages of type p shipped by air on day ¢ to destination
Js

gi means the weight of all packages shipped by air on day ¢ to destination j ;

v; means the volume of all packages shipped by air transport on day ¢ to destination
Js

A;‘f means a set of air carriers flying on day ¢ to destination j .

The variables in this problem are Ah;, Ak;jp, q;p, g;, U; and a;;.

In model (20) - (27), function (20) is the optimization criterion, which includes
the total cost of air transportation, storage of packages in the central warehouse and
transportation to the central warehouse, as well as sample storage in clinics over
the whole planned period; (21) means the total number of packages received on day
t at the central warehouse by shipping direction, type of packages and number of
urgent packages; (22) means the number of packages to be shipped by air on day ¢
to destination j by the type of packages; (23) means the total weight of the
consignment sent to destination 7 onday ¢, taking into account the urgent packages
and packages retained for storage; (24) means the total volume of cargo sent to
destination j onday ¢ ; (25) means the condition of the integer number of packages
stored in the central warehouse and their threshold conditions over time; (26) means
the condition for the integer number of samples retained for storage in clinics and
their threshold conditions over time; (27) means the condition of choosing an air
carrier on day ¢t to destination j .

Since the loss of cargo can occur at different stages of transportation and for
various reasons, the FFC will incur different costs at that time. Besides, the
transportation can be insured, thatis, the insurance premium can be paid to compensate
all or some losses of the FFC. There, each risk accident is associated with certain
costs and reimbursements for FFC. Let’s denote the set of risks as R, and the
probability of risk accident as r € R for one shipped package x .

When 7 € R event occurs, the FFC incurs additional costs Z depending on

the type of package and transportation destination. For urgent packages, the costs
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increase, as the fines increase. Let’s denote such costs as sz]p . Given that the
likelihood of risk occurrence is low, the mathematical expectation of FFC costs

associated with transportation risks can be written as follows:

Zy =220 2| ((ky —KEDD 2, + R 20)x, |- (28)

teT iel jeJ peP reR reR

Let’snow consider the revenue part of the FFC arranging the sample transportation,
the delivery of containers and dry ice, storage of samples in the central warehouse
and coordinating these processes in time.

The revenue part of the FFC operations is the product of the volume of cargo
transportation and FFC tariffs. Since the weight and volume of the package does
not depend on the number of samples therein, the tariff depends mainly on the type
of packaging, the destination and the delivery time. Urgent delivery is more expensive.
When transporting a small number of packages by one mode of transport, it is quite
simple to allocate a fixed and variable part of the costs. However, the mixed delivery
of cargo, re-forming of cargo batches, and different demand for each transportation
cycle make this allocation very difficult. Also, FFC expenses include the cost of
package, packing and refrigerants, the quantity and types of which are also varying,
which makes it difficult to determine the fixed and variable part of the costs.
Therefore, it is suggested to use the averaged fixed and averaged variable tariff
components of FFC per package, allowing to distribute the FFC costs for the special
cargo delivery system These components were searched by mathematical modeling
over an array of possible delivery scenarios. 1 package as a unit for tariff determination
is chosen because in the delivery of bio-based products, 1 package is the cargo unit
passing all the links of the goods delivery without re-formation. Since FFC operates
in a competitive environment, tariffs should be flexible and provide for incentives.
Therefore, we will additionally raise the issue of creating such a tariff system that
would ensure a certain predetermined level of profitability for different options of
sample transportation and would provide some flexibility. Formally, we present
each tariff as two parts, fixed and variable, depending on the number of packages.
Let’s designate b;;p, b;,p as the fixed and variable part of the tariff for the ordinary

delivery of a batch of samples as in package p from point ¢ to point j foraparticular

day of the week, and b;‘f, b;ij’ as a fixed and variable part of the tariff for urgent

delivery. Then the total revenue of the FFC, associated with all shipments for the
entire simulation period, is equal to:
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D, =3 S S (b, 0 (K, — K2 4+ b+ b2k ). (29)

teT iel jeJ peP

The total expected income from the FFC operations for period 7 is equal to

M,=D,-V,—Z,. (30)

An additional condition for finding the values of b;;p, b;j’,p and bi{ , bg‘;’ factors so

as to reach the set level of profitability +, is the following:

D, >1+(V, +72,). 31)

In this case, the FFC is interested in finding the lowest values of b;;p, b;’.p and

bzf, bg’ factors to find the range of tariff values at which the minimum acceptable
level of profitability is provided to it.

Consequently, in this statement, the objective function (20) can be replaced by
the following one:

D — min (32)

T bt b b9 ARL AR
up yp yp up © aw J

provided that conditions (2) - (14), (20) — (22), (31) are met.

The proposed model allows calculating competitive tariffs for transportation of
special cargoes by minimizing costs while maintaining a set level of profitability.

Simulation of the special cargo delivery process gives to the FFC a clear and
detailed plan for the formation of cargo shipments by types of packages, points
of cargo collection and size of cargo batches for dispatch by air at the central
warehouse daily during the scheduled period. Using the cost minimization model,
one can analyze different options for the delivery of special cargoes (bio products)
with consolidation and without consolidation, considering that all or a part of the
shipments will require urgent delivery, and determine the delivery cost of 1 sample,
1 kg or 1 package of cargo. To ensure the profitability of special cargo delivery for
the FFC, it is required to determine FFC competitive prices and tariffs, which should
be flexible enough. Their level depends, on the one hand, on the market situation,
structure and volumes of effective demand and, on the other hand, on the size and
structure of the FFC costs.
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Practical Recommendations for Forwarders

When calculating the mathematical model determining the cost part, in the practical
work of the FFC, the following parameters may vary. For each point of cargo collection,
the types of packages, the amount of refrigerant, and the number of cargo samples
transported daily may vary. It is also possible to accumulate and temporarily store
the non-urgent samples at the cargo collection points. Delivery from collection
points to the central warehouse can be carried out by various motor carriers in view
of the air transportation schedule. For a central warehouse, the parameters of cargo
consignments and storage terms may vary, depending on the shipping urgency,
timetable and carrier selection.

Based on the analysis, methods and models it was determined that when the
special categories of cargo are delivered, there is an increased overall level of risk
associated with the fact that, together with the ordinary risks faced by the FFC,
the risks of damage and loss of cargo, transportation jeopardizing and harm to the
environment and stakeholders in the cargo delivery chain, associated with the cargo
properties and its interaction with the environment, occur.

The interaction of the special cargo properties with the environment and the course
of various biochemical processes leads to the cargo instability, a rapid deterioration
of its quality and reduced time of its intended use. Especially, the presence of such
risks is manifested when delivering goods having both dangerous and perishable
properties. It is found that the acceptable risk zone is the time interval during which
the properties of special cargoes are preserved, and the risks associated with their
properties do not occur. In this case, the ordinary risks of the delivery process
take place, special cargoes are in the transportable state, and no additional costs
are required. A critical risk arises during the time interval in which the properties
of special cargoes begin to deteriorate, but it is still possible to return them to the
transportable state due to the timely handling of bio-based products.

In the practical work of the FFC, this should be ensured by the cargo maintenance
in the form of its repacking, replacement of refrigerants and its placement in the
controlled temperature regime zone. As special cargos enter the critical risk zone,
they start losing the transportable state and a part of the cargo may be lost; the
losses depend on the specific type of special cargo. It is established that the return
of special cargo to a transportable state will require additional costs for handling
and extra time.

Therefore, when the FFC is planning the process of special cargo delivery, it is
suggested to calculate the time, place and quantity of the cargo servicing processes
in advance, and to include the corresponding costs in the cost of transportation in
accordance with the proposed tools. Thus, FFC, with the help of the developed
tools, can develop an optimal plan for the delivery of special cargoes with details
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on the shipping points, types of package, the amount of refrigerant, the number of
cargo units and consignments, as well as the synchronization of the cargo delivery
schedule in automobile and aviation communications.

When delivering goods, the companies engaged in express delivery of goods
and mail to the customers guarantee a certain period of delivery and some set of
services for the transportation registration and delivery of goods from the branches
of express carriers to the airport. However, the customers deliver the cargo to the
branch of the express carrier by itself. That is, express carriers, as a rule, do not
provide the cargo collection services to

the customer, and pack the cargo at the collection points. Also, the delivery
schedule depends on the organization of the express carrier operations and does not
always coincide with the wishes of the customers. The prices of express carriers’
services are quite high.

Unlike express carriers operating mainly in their network, the FFC can adapt
very flexibly to the needs of the customers, organize the delivery of cargo by
various modes of transport, including the cargo UAVs, perform cargo collection and
formation of cargo units and cargo consignments, that is, it performs the functions
of a PL-provider of logistics services. When arranging the delivery of special
cargo in a road-air communication, it is required to build the organizational and
economic relations of the airline and the FFC properly. The airlines to be involved
in the transportation of dangerous and perishable goods must be certified for
such transportation in accordance with requirements of IATA, ICAO and national
authorities, and possess the required technical and technological capabilities to
transport such categories of goods.

It is also advisable for FFC to choose those carriers, which have a system of
servicing special cargoes and ensure regular transportation. When concluding
contracts with air carriers, FFCs are suggested to prioritize the service and dispatch
of special cargoes by the airline, and where there is a quite large flow, to secure
the tonnage quotas for the carriage of special cargo by certain flights and prescribe
penalties for untimely servicing or untimely departure of bio-products by the airline.

In the presence of agreements with airlines, FFC receives discounts from the
tariff, which will reduce the total cost of special cargo (bio-product) delivery. As
the volumes of special cargo transportation are increasing globally, the airlines
can get a highly profitable segment of the cargo transportation market, which is
explained by higher tariffs for airfreight of special cargoes with small bulk-volume
characteristics of cargo. UAV can become competitors of traditional air carriers in
this segment, but they are still developing small light cargoes on short routes in
regions hard-to-reach for the other modes of transport.

Cooperation of air carriers with FFC allows organizing a chain of special cargo
(bio-product) delivery in automobile and aviation communication at competitive
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prices, and gaining a foothold in a certain segment of the air transportation market.
The cost of handling special cargo at the airport is also a part of the shipping cost.
With appropriate infrastructure, special cargo (bio-product) handling can also be a
source of additional airport revenues.

FUTURE RESEARCH DIRECTIONS

According to the authors, the time when cargo transportation by manned aircraft
will become exclusive and very expensive operations is not far off. Piloted aircraft
may even switch places with the cargo UAV in terms of the share in the air freight
market. However, these changes will occur only after overcoming the technical and
regulatory barriers significantly affecting them. The latter, by the way, has been
pressured by the media recently. I would like to hope that this book will make its
contribution.

Despite predictable difficulties, today there are available niches in various sectors
of the economy for the use of civil UAVs, subject to certain requirements of state
authorization services. As for the cargo UAVs, it is the delivery of special, light,
ultra-light, low-volume cargo for short distances outside densely populated areas
and closed airspace areas. Considering, for the time being, the lack of the powerful
and energy—efficient copters, and the dependence of the UAVs on the airplane
scheme on the runways, the much-needed “door-to-door” cargo delivery is suitable
in tandem with an automobile or other mode of transport.

Agriculture is another promising area for a super-active use of UAVs for field
monitoring, combat of plant diseases and pests. Since the majority of technological
operations in agriculture are performed by UAVs at low altitudes, it is relatively
easier to obtain a permission for flights in this case. Currently, the National Aviation
University is working at the development and application of UAVs for agricultural
purposes. Should the editors of the book include this subject in the next edition, we
would gratefully take part in the preparation of one of the chapters.

CONCLUSION

Even from this overview chapter, it becomes clear that the cargo UAVs are not
exotic. They are used to solve the professional tasks of transport and logistics. In the
future, the cargo UAV standard range will be significantly expanded from micro-
UAV for local movements of light packages until the appearance of a long-haul
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UAV of high payload, something like the AN-225 MRIJA, but without a crew. Of
course, the cost of such UAV is quite high, but such is the fee for speed, range and
reliability of delivery.

Manned aircraft cost much more than UAVs in terms of maintenance and
production. While a normal aircraft requires a system of protection and life support
for pilots, the UAV’s needs are much less. Unmanned aerial vehicles spend much
less fuel due to their weight, and they need a smaller runway area. A lot less time
and money are needed to train a UAV operator than a pilot.

We are witnessing the beginning of a new round of technological progress. The
precedent has already been created, UAVs are already being used for commercial
cargo delivery. However, before this expected future becomes a reality, it is required
to solve many problems. The most important of them is to find a balance of interests
of all stakeholders, which may be affected by the use of UAV's in one way or another.

Business is interested in efficient cargo delivery technologies, citizens need a
comfortable environment, and the state needs to maintain the security of the country.
Only provided that this balance is maintained, a fair system of legislative regulation
of UAVs use can be built. Legislation is the last barrier to the use of UAVs. In terms
of engineering, they are ready.

The method of managing the economic efficiency of special cargo delivery
using the air transport as a set of principles, methods and mathematical models
allows determining the optimal plan for the phased delivery of special cargoes in
the road-air communication.

The management of the economic efficiency of special cargo delivery can be
ensured by implementing the simulation of the delivery process using the UAVs. In
this case, the calculation of the total costs of FFCs for the multimodal transportation
of special cargoes allows taking into account the package features, batch size, carrier
tariffs, cargo handling cost, and payments of reimbursement tor FFC related to the
permissible risk.

The principles, methods and mathematical models are an integral part of the
methodology to manage the economic efficiency of special cargo delivery and
provide flexibility in the decision-making by the FFCs to determine the optimal
special cargo delivery option in the event of a change in the competitive situation
in the special cargo transportation markets.
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KEY TERMS AND DEFINITIONS

Cargo Tariff: A tariff contains rates, charges, and the conditions of service,
applicable to the transportation of cargo by air transport.

Chain of Cargo Delivery: Airlines, ground handlers, freight forwarders, shippers,
and industry experts.

Copter: A rotorcraft that primarily depends on engine driven rotors for motion.

Freight Forwarding Company: A company that organizes shipments for
individuals or corporations to get goods from the manufacturer or producer to a
market, customer or final point of distribution, and acts as an expert in the logistics
network.

Multimodal Delivery: It is transportation by using two or more different means
of transport through the use of transshipment (intermediate handling), organized by
one company (freight forwarding company, multimodal transport operator) under
one contract, with one freight document, under one liability, and one tariff (price).

Perishable Goods: Shipments that will deteriorate over a given period of time
or if exposed to adverse temperature, humidity, or other environmental conditions
while in carrier’s possession.

Special Delivery: Transport of special cargo such as perishables and
pharmaceuticals, requires compliance with regulations, standards, and training. The
standards that built a global industry are applicable to criteria such as the shipping,
acceptance, handling, loading, transport, and documentation.
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ABSTRACT

Unmanned aerial vehicles (UAVs) are present in our lives, and although they are
mostly connected to military purposes, they are becoming more present in the
commercial and civilian sector. Possible applications of UAVs in the commercial
and civilian sector will open new possibilities for further research and development
of UAVs. This movement can bring new investment and new jobs, but at the same
time, it will influence the way some activities are being done now. The use of UAVs
brings savings in the production cycles and improve current operations in various
industrial sectors. The chapter gives a definition and explains different types and
potential applications of unmanned aerial vehicles in the word as well as the
potential economic impact of their development and use. In the second part, the
chapter analyzes the application of drones in Turkey and Croatia. Although different
in terms of their size and the number of inhabitants, both countries are at the same
level in relation to UAV application. Applications in both countries are compared,
and after that, a conclusion is drawn.
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INTRODUCTION

Globalization has brought significant changes to the world and economy. Different
innovations have created improvements in services and products in different
industrial sectors. Improvement in the fields of technology and information and
communications has enabled the use of many new different machines which will
change our future significantly. One of those improvements is unmanned aerial
vehicles (UAVs), commonly known as drones. Unmanned aerial vehicle systems,
whose potential benefits were not visible, have spread rapidly since the early 2000s,
while both their varieties and their abilities increased at the same time. Their use
was from the start connected only to military purposes but in recent days they have
been used in many industrial sectors.

In this research, unmanned aerial vehicles are examined; their development
is explained beginning from their invention to their present form, and their types
are listed. This research is trying to find answers to how the usage of UAVs has
affected different industrial sectors since the drones were introduced, especially in
two countries, Turkey and Croatia, which were subjects of our research.

In the first part of the chapter, we will present UAVs and give their definition,
types and main application sectors. In the second part, we will show where the
drones are used in Turkey and Croatia, and then we will compare their applications.
Finally, we will draw conclusions and make suggestions for further research into
this emerging topic.

BACKGROUND

Stipanovi¢ et al. (2004) defined an unmanned aerial vehicle (UAV) as a powered,
aerial vehicle that does not carry a human operator, uses aerodynamic forces to
provide vehicle lift, can fly autonomously or be piloted remotely, can be expendable
or recoverable, and can carry a lethal or non-lethal payload. In the last decades,
special attention has been paid to UAVs due to the advantages of not placing
human life at risk and the absence of a pilot that enables longer endurance, and
consequently weight savings and costs. Unmanned aerial vehicles are referred to in
many ways, from remotely piloted systems (RPAS) or aircrafts (RPA), unmanned
aircraft systems (UAS), to pilotless aircraft (Erceg, Cinéurak Erceg and Vasilj, 2017).
UAVs are most often referred to as drones, which are defined as a flying robot or
aircraft that does not carry human. These aircrafts can be controlled by humans or
software by communicating onboard GPS (Eisenbeiss, 2005, Estampe, 2015). In
recent years, UAV's have been most frequently associated with the military; however,
drones are now also used in a wide range of civilian roles ranging from search and
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rescue, surveillance, traffic monitoring, weather monitoring and firefighting to
personal drones and business drone-based photography, as well as videography,
agriculture and even delivery services. Today, there are many more drones than
ever before. Throughout the world, many competitions are held, and research and
development activities are encouraged to be maintained to further develop the UAV
technology (Koeniger et al., 2005). Based on current R&D activities, Gonzales-
Aguilera and Rodriguez-Gonzalves (2017, p. 1) see the main advances of drones
in: (1) the emergence of new sensors that allow the improvement of the geometric
and radiometric resolution, as well as the spectral range; (2) the evolution of new
platforms that improve robustness and increase autonomy; (3) the development of
software, from the navigation and communication with the platform to the processing
and analysis of the images captured; and (4) new applications in emerging sectors:
logistics, disaster assistance, security and surveillance, health and marine science.

There are many reasons why drones are increasingly being used, mainly due
to an increase in efficient technology and reductions in costs of their production.
Finnegan (2015) predicts that the production of drones within the next ten years
will reach 14 billion USD per year.

Drone Types

Erceg, Cindurak Erceg and Vasilj (2017) found that drones are usually divided based
on specifications such as range and endurance, and based on maximum take-off
weight, engines, and price. Another possible classification is according to their
usage, and Sudip (2017) divided them into four main types of UAVs, i.e. multi-rotor
drones, fixed-wing drones, single-rotor helicopter, and hybrid VTOL.

A multi-rotor drone is very common because both professionals and hobbyists use
them. As to the price, it does not require a lot, could be considered the cheapest in
the sector. This type is used by photographers for taking pictures and shoot movies
(Lutz, 2014). Multi-rotor drones are easiest to manufacture and tend to be versatile
enough to adapt to so many different usages. On the other hand, their flying time is
very limited, and their speeds are very slow. There is a strong correlation between
multi-rotor drone flying time and their battery life. Thus, people generally use this
type of drones for fun.

Fixed-wing drones look more like airplanes. Unlike multi-rotor UAVs, these
drones cannot stay in the air and have an average flying time. Their battery lasts up
to 16 hours and is used by a human or autopilot (Sandbrook, 2015). They might be
more expensive than multi-rotor ones considering the facts that the design of their
bodies and wings requires craftsmanship and their materials must be enduring. They
need a runway and a parachute, which represents another shortcoming. These types
of drones are usually used in the defense industry because of their ability to float
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through the air silently. A downside to this type of drone is the requirement of a
runway for takeoff and landing. However, unlike multi-rotor drones which have “a
rotor hum”, these drones can generally operate with almost no sound.

Single-rotor drones are the ancestor of multi-rotor drones. Despite having a
fan in the wing part, they are named single-rotor drones because they have a large
motor that resists the air. These UAVs can fly longer than fixed-wing drones and
multi-rotor drones. This type is mostly used by hobbyists.

Ahybrid VTOL shares the advantages of both fixed-wing and multi-rotor drones.
A vertical take-off and landing (VTOL) drone operates and flies like a fixed-wing
drone in the air; however, it has the vertical take-off and landing ability, negating
the use of a runway. Heutger (2014) and Kelek (2015) noted the advantages and
disadvantages of different types of drones that are used worldwide. (Table 1)

Another categorization is based on launching capability, endurance, altitude
capability, and the load capacity area needed for maneuvering. According to
this categorization, UAVs are divided into the following groups: lighter-than-air,
fixed wings, and rotary wings. All aforementioned drone groups have their own
disadvantages and advantages, but as already stated, they all have huge potential
for different application fields where UAVs can be used.

DRONE APPLICATION POSSIBILITIES

Today there are many sectors of the industry that drones have been proven to be
useful for, including, but not limited to, military, communications, advertising, trade,
logistics, health, research and development, and discovery and surveillance. Frost and

Table 1. UAV advantages and disadvantages

Types Advantages Disadvantages
. Inexpensive Low weight Limited payloads
Multicopter Easy to launch Susceptible to wind due to low weight
Horizontal take-off requires substantial
. . Long range space or support
Fixed-wing Endurance Inferior maneuverability compared to VTOL
(Vertical Take-Off and Landing)
Combination of Expensive
Tilt-wing fixed-wing and VTOL P
Complex technology
advantages
Unmanned (Hybrid) VTOL - Expensive
Helicopter Mancuverability Comparably high maintenance requirements
P High payloads possible P y e q

Source: (Heutger, 2014; Kelek, 2015)
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Sullivan (2007) divided civil and market applications of drones into the following
segments: government, firefighting, the energy sector, agriculture, forestry and
fishery, earth observation and remote sensing and communication and broadcasting.
The status of different applications of drones can be seen through the value of labor
and businesses in different sectors using drones. Mazur and Wisniewski (2016)
stated that current drone-powered solutions in different industrial sectors amount
to more than 127 billion USD. (Figure 1)

The application of drones in infrastructure has the highest potential (45 billion
USD), followed by agriculture (32.4 billion USD) and transport and logistics (13
billion USD). In what follows, we will shortly present several industrial sectors
where the drones are used.

Defense Industry

With the new technology, drones have been used in the defense industry in different
ways. For example, Israel has begun with domestic production of drones and it
imports drone engines manufactured in the United Kingdom. Israel refused torelease
the full list of countries to which it sold military arms (Heutger, 2014). The United
States import drones from Israel for use in combat (Lorenz, 2017). Besides these
countries, research has shown that many developed countries have started using
drones for national defense. From China to the USA, from Russia to South Africa,

Figure 1. Drone-powered solutions in different industrial sectors
Source: (Mazur & Wisniewski, 2016: 4)
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countries are using drones for, including but not limited to, border control, attack
and defense, and monitoring.

The first UAVs (i.e. balloons with explosives) were used during the attack on
Venice by the Austrian Habsburgs in 1849 (Consortiq, 2016). The development of
UAVs started in the early 1900s and continued throughout World War I. Following the
war, the development continued until World War I, when UAVs were produced and
used to fly attack missions and train anti-aircraft gunners - in the 1930s the British
Navy used drones for target practice (Gonzalez-Aguilera & Rodriguez-Gonzalvez,
2017). Drones are used in the military industry today for the following: air strikes,
radar, rocket defense, security control, and border control systems. Most of the
countries in the world developing UAV programs are developing armed UAVs, while
a minority of countries are developing only unarmed UAV capabilities (Horowitz
& Fuhrman, 2015). The use of drones for military purposes is expected to grow
during next years (Knight, 2017).

Health Sector

Given thatevery second is very important for patients, drones are of great importance
in the health sector. Drones are normally not late as they are not affected by roads
or by traffic. In the air, there is little traffic for drones when compared to roads.
Drone applications in healthcare include delivery of medicine, defibrillators, blood
samples, and vaccines. Some tests have already been done with a drone carrying
medicinal products. Drones can play an important role in healthcare in the future
and according to Blau (2017), there are several ways how they will do that: (i) by
delivering medical supplies to rural areas, (ii) by transporting blood samples to fasten
different tests, (iii) by delivering relief to disaster victims, and (iv) by delivering
blood units needed for surgery. The use of drones will allow more people to receive
care at home for a longer period of time and potentially decrease the cost of helping
people. For example, autonomous drones, such as those employed by Matternet, use
GPS and other sensors to navigate between automated ground stations to deliver
medications in remote locations that lack adequate roads. Matternet’s drones can
carry one to two kilograms and transport items about 10 km, traveling up to 40 km
perhour, taking about 18 minutes including lift-off and landing (Raptopoulos, 2013).

Communication and Entertainment Sector
Drone application in the communications and entertainment sector gives users

considerable advantages since many technological devices can see the pictures taken
by drones. Users can see images by means of an easy application. Nowadays, many
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electronics companies have started to use this technology. Drones can be used for
communications purposes both indoors (i.e. plants) and outdoors.

Film producers are using these UAVs for action movies, such as Marvel Studios
Captain America: The Winter Soldier. Marvel Studios have brought anew dimension
torecording movies by using drones to help capture footage. By using this technology
both the shooting techniques have improved and new uses have been found for
drones. The use of drones in communications and entertainment could contribute
to steering toward a cost-effective way of maintaining critical networks. Another
benefit is that drones can be used even in bad weather conditions and according to
Mazur and Wisniewski (2016), a drone could even become part of communications
networks as portable cell towers replacing cells on wheels at special events (i.e.
sports games, concerts, etc.).

The advancing technology has changed the way of advertising a lot and an
importantrole thereinis played by drones. Advertising agencies have started to create
many innovative ideas by means of drones. As a direct result of falling production
costs, drones are beginning to be used for advertising.

It is rather common that even small businesses use drones to show their products
to people. In 2014, drones were used for the first time as flying billboards. In
Moscow, an advertising agency used drones to carry small fliers and later in Brazil
several drones were seen while carrying headless mannequins. Brown (2017)
stated that drones can benefit marketing in the following four ways: (1) they allow
new ideas in the marketing industry; (2) they are easily obtained, so any new idea
can be easily brought to the table; (3) there is no end of the content which can be
created; and (4) drones can be used as the “wow” factor in adverts. Drones can be
used in marketing as a tool, for quick marketing, as platforms, as actors and can
have unlimited creativity potential (Agrawal, 2017).

Agriculture

Agriculture needs to accept changes to technology and groundbreaking approaches
to food production. UAVs are an important part of this process together with better
cooperation between industry, technology, and governments. Drones can bring
important technology transformation to agriculture with plans and strategies based
on real-time data collection and analysis. Mazur (2016) stated the following six
fields of application in which drones can improve the agricultural sector:

e  Soil and Field Analysis: Important for plant life cycle start since they can

create precise maps needed for soil analyses which can be used for seed
planting plans and for irrigation and nitrogen level management;
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e  Planting: Planting systems with drones can create a saving of up to 85% and
the uptake rate of 75%. Drones will place seed pods with plants and necessary
nutrients into the soil which will ensure the sustainability of the plant;

e  Crop Spraying: Drones can increase efficiency and reduce chemicals
penetrating groundwater. Drone spraying based on estimations can be
completed five times quicker in relation to traditional ways;

e  Crop Monitoring: The use of drones removes obstacles to the low efficiency
of crop monitoring with time-series animations showing precise crop
development and potential inefficiencies in production;

e  Irrigation: Drones can detect which parts of the field need improvements
and can calculate the vegetation index which can describe the relative density
and health of the crop; and

e  Health Assessment: Drones can detect which plant reflects a different
quantity of green light and this can initiate a response to treatment the entire
crop can see. Also, drones can help farmers document more precisely their
potential losses for insurance.

In agriculture, UAVs could involve a fleet of drones involved in monitoring or
performing different tasks. For even greater use of drones in agriculture in the future,
the industry needs to develop drones which will need minimal training of users and
which will be highly automated.

Transport and Logistics Sector

Logistics is generally a detailed organization and implementation of a complex
operation. In a general business sense, logistics is the management of the flow
of things between the point of origin and the point of consumption to meet the
requirements of customers or corporations (Stroh, 2006). Logistics delivers the right
product by providing high service quality and within the period of time requested
by customers. What one needs when one needs it, and when one needs it can be
a summary of logistics. Recently, most companies have been trying to have their
orders delivered sooner to compete with other companies. This especially holds for
deliveries of the so-called last mile deliveries, which Slabinac (2015) considers to
be most inefficient in the whole supply chain due to smaller shipments but higher
frequency. With the development of technology, UAVs are everywhere. Possible
uses of drones are increasing day by day. Estampe (2015) concluded that drones
will impact future transport and logistics potential in the following five ways: (i)
saving money, (ii) keeping people at home, (iii) delivering parcels to places where
they are not usually delivered, (iv) reducing and eliminating possible human errors,
and (v) protecting and monitoring transportation paths.
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Some well-known multinational companies use or test UAVs specifically because
of this high level of interest. Amazon.com customers may soon be able to get their
parcels in 30 minutes or less. Their Amazon Prime Air service will deliver shipments
of up to 2.36 kg within 30 minutes after delivery. In the future, this option should
refer to up to 80% of all Amazon deliveries (Johnson, 2017). Google is testing
the possibility of using drones for deliveries. Google started the program called
Project Wing, by which it plans to ship products to their customers within one to
two minutes (Etherington, 2017). As one of the largest transportations and logistics
companies in the world, DHL is also testing drones. They use them for shipping
orders in Bavaria and for delivering medical supplies to the North Sea island of Juist.
Numerous start-ups have joined the cause to gain publicity and boost sales. One
of those start-ups is the Australian company Zookal, whose intention is to deliver
textbooks via UAVs (Welch, 2013).

UAVs are also useful for intra-plant transportation, as well as for transportation
between plants. If drones are completely operated within the plant, then there are
very few regulatory issues that need to be dealt with. Another issue with drones is
that currently they are limited to small form factors, as the larger ones have operating
costs similar to, if not greater than, the manned options.

Advantages and Disadvantages of Drone Usage

Development predictions for the use of drones in all industrial sectors are admirable
due to a significant improvement in drone technology. Currently, drones are not an
integral part of the transportation and logistics sector, but they are considered because
of their cost of operations and speed in relation to other potential transportation
modes. Similar developments are noticed in almost all industrial sectors in which
drones can be potentially used. Smith, Mazur, and Wisniewski (2017) see potential
opportunities for the increased use of drones in financial and legal support, enhancing
data processing and accessibility and rapid technology development, while potential
challenges are aviation risk and privacy. Rosberg (2009) found the following potential
setbacks for the increased use of drones in civil and commercial application: (i) non-
existence of operator safety and training standards; (ii) restricted freight capacity
and space limits; (iii) no protected non-military frequencies; (iv) responsibility for
civil actions; (v) partial or undeveloped airspace rules that cover UAV systems; and
(vi) a negative customer perception.

Although there are many advantages for drone use worldwide in different
areas and industrial sectors it is needed to state that there are also challenges and
disadvantages. The main challenge and disadvantage relate to security. Thus, it is
necessary to create a complex air management system for the prevention of potential
air collision. Besides the potential air collision, there is the issue of privacy. Since
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drones fly over various sites and can collect a lot of information it is important to
deal with the privacy issue. Thus, another significant disadvantage is that there is
no regulation regarding data collection. Additional problems can be that drones can
affect navigation routine. In some area, local government restricts the use of drones
(i.e. military facilities, airports, etc.) due to the safety issues for wider populations.
Improdrone (2018) state four main disadvantages of drone use: (i) invasion of
privacy; (ii) accidents; (iii) legal issues and (iv) potential misuse.

Animportantissue which will influence the future use of drones is legal regulation
and this relates to some of the current disadvantages of drone use (Cindurak Erceg,
Vasilj & Erceg,2017). Not so many countries currently have legal regulation referring
to drone usage for civil and commercial purposes. (Table 2)

Based on Table 2, there is a movement toward legal regulation of drone usage
worldwide, which will enable the increasing use of drones and help users in different
industrial sectors to use drones more frequently. Drone-related legislation is carried
out on three levels, i.e. international, European and national. Work aimed at solving
different legal issues which are needed is initiated through work of different aviation
organizations such as the International Civil Aviation Organization, the European
Aviation Safety Agency, the European Organization for the Safety of Air Navigation,
Joint Authorities for Rulemaking on Unmanned Systems, etc. (Erceg, Cin¢urak
Erceg & Vasilj, 2017)

Table 2. Legal regulation of drone usage worldwide

Country Possibility of License Possibility License Insurance Training
commercial required to | to perform | required for | required for | required for

flights fly BVLOS BVLOS commercial pilots to

flights flights flights obtain a

license
Poland v v v v v v
UK v v v v v v
China v v v X v v
Canada v v v X v v
Germany v v X X v v
France v v v X X v
South Africa v v v X X v
Indonesia v v X X v v
Australia v v X X v v
Brazil v v v X X X
Mexico v v X X X v
USA v v X X X X
Japan v X X X X X
Russia X X X X X v
Argentina X X X X X X

Source: (Maazur & Wisniewski, 2016: 21)
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RESEARCH METHODOLOGY

This chapter presents the research conducted regarding use of the drones in Croatia
and Turkey. For the preparation of the theoretical part of the chapter, a review of
available scientific and professional papers and sources was examined. For the
empirical part of the chapter i.e. review of current status of drone use in Croatia and
Turkey, authors examined and collected already available data from both countries.
Based on the collected data, the authors made a comparison and draw conclusions.

Authors have chosen to compare the use of drones in Croatia and Turkey since
both countries are among the countries which have introduced the legal regulation
of drone use. Although both countries have legal regulation of drone use, the use
of drones in both countries is still insufficiently researched.

DRONES IN TURKEY AND CROATIA
Drone Usage in Turkey

Similar, to other countries in the world, Turkey is constantly developing the use
of drones. Increasing numbers of unmanned aerial vehicles are used at the same
time. According to the latest data released in 2016, the number of personal UAV's
in Turkey amounted to 9,000, compared to 2.5 million drones in the world. It has
been reported that there will be 20,000 in the coming years. Drones have become
one of many different gift options for Christmas, birthday, wedding anniversary,
Valentine’s Day (Emir & Ere, 2016). This shows that the number of drones used
for hobbies, military and industrial purposes is increasing. Teknolo (2015) stated
that the most important areas of drone application in Turkey are: deliveries, first
aid, wildlife conservation, search-rescue studies, preventing and detecting forest
fires, crime combating, advertisement, making movies, photography, journalism,
and border security.

Military capabilities that are currently available or are foreseen to be acquired
in the near future are listed as follows (Tiirkiye insansiz Hava Arac1 Sistemleri Yol
Haritasi, 2011): discovery, tactical discovery and surveillance, bomb or fuzzy air
attacks, advanced look-up for indirect shots, special operations and psychological
operations, control and protection of borders, mine search and destruction,
replenishment of health and military material, fight against smuggling, chemical,
biological and radiological screening, ship identification and isolation in the maritime
operations, combat search and rescue, air radio link and role assignment, point-to-
point cargo delivery, and weather data collection. For military purposes, Turkey
used the ANKA UAV system that was developed and produced in Turkey. In 2016,
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Turkey became one of the leading military drone producing countries in the world.
In Turkey, UAVs are used not only for military purposes, but also for border control
and for control of many activities in the civilian sphere.

Currently, drones are mostly used in Turkey in the advertising industry and in
firefighting operations. More often, drones are brought into play in areas such as
woods and forests, in situations where normal interventions cannot be done effectively
with firefighting equipment. Remotely controlled drones can take an active role
in firefighting operations by discharging water from the special reservoir (Sahin,
2016). Necessary measurements related to forest restoration or reforestation in areas
damaged in forest fires in August 2016, i.e. in Buca and Seferihisar districts of
Izmir, were controlled by unmanned aerial vehicles and pictured onto maps. Debris
clearing, and land preparation activities carried out by the General Directorate of
Forestry Buca and Seferihisar are continuing and measurements are made in the
field to carry out reforestation (Sayfa, 2016).

Another interesting field of drone application in Turkey is forensic anthropology
and archeology. Due to the changes in the natural environment and vegetation, forensic
archaeologists and forensic anthropologists use technologies such as magnetometer,
ground penetrating radar or electrical resistivity kit (Ceker, 2014). Apart from
these, UAVs have started to be used recently to detect burial places in aerodrome
examinations by taking bird-eye views and to create an incident map (Ceker, 2016).

In addition to their use in different industrial sectors, in Turkey drones are also
used in sports activities. Many different competitions were organized for drones
and in 2017, the first official Turkish Drone Championship was held in Istanbul,
in which more than 60 licensed drone pilots took part. Based on the results of this
competition, the Turkish national drone competition team was established (Sayfa,
2017).

In terms of the advantages of drones, there are various legal problems. Their
problematic usage is reflected in acts such as violation of the right to respect for
private life, endangering people’s lives, terrorism, flying in protected areas, espionage,
and so on. Therefore, Turkey has UAV-related legal regulations. There are some
criteria to use a drone in Turkey, such as registration, permission, insurance, and
age (Cetin, 2016). For example, a person is allowed to fly a drone only in daylight
and within a visual range of 2 km and he/she should not fly it higher than 120 m
above the ground. The growing use of drones in Turkey in 2016 resulted in their
introduction in legal regulation providing for requirements for registration and
authorization of drones. According to legal regulation, those who have unmanned
aerial vehicles which can be controlled by a person or institution in Turkey must
primarily register with the Directorate General of Civil Aviation. When registering,
criminal record and information, such as a national identification number, are required.
There is also a separate rule for drones over 25 kg (Cevap, 2016). In addition,

75

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

The Use of Unmanned Aerial Vehicles

drone pilots are required to be trained according to the type of a vehicle. If UAVs
are flown without a permission, a fine may be issued of up to 11,447 Turkish Lira
(approximately 1,882 EUR) (Calishan, 2018). Moreover, a person who had flown an
unauthorized unmanned aerial vehicle over Istanbul Atatiirk Airport was arrested for
jeopardizing air traffic (Directorate General of Civil Aviation). In 2018, there were
11 organizations for drone (UAV) training established before 2018. The Directorate
General of Civil Aviation has recently announced that the number of drone flight
training organizations has amounted to 25. There are 24,866 registered drones in
Turkey, while the number of users is 31,194. When amateur devices weighing less
than 500 grams are excluded, there are about 25,000 registered drones. Pursuant
to Article 10, operators/owners of all UAVs and systems are liable for any damage
caused to third parties.

A possible disadvantage to faster implementation of drones used in the commercial
and civilian sector in Turkey is legal regulation and its changes.

Drone Usage in Croatia

In Croatia, based on the trends and development in technology, drones have already
been used in different sectors. This is confirmed by more than 130 different
companies using drones in their business. Drone implementation today in Croatia
is in line with the current business perspective and development worldwide. This
offers potential for further automation of processes in companies which will improve
their efficiency in different areas (Vlahovié, KneZevi¢ & Batali¢, 2016). Drones are
mostly used in the media and entertainment sector, surveillance and infrastructure.
There are three companies producing commercial drones in Croatia (Hipersfera,
Kapetaia and Tarsier drones) and this indicates an increase in drone use for civilian
and commercial purposes.

Two main telecommunications companies (i.e. Hrvatski Telekom and Vipnet)
evaluate the use of drones in automation of their mobile networks, which should
lead to savings in operational costs. Both companies and their owners (i.e. Deutsche
Telekom and A-1) also consider potential drone development for different parts
of their businesses. Another field of drone application is agriculture, where the
Croatian company Zito Group tests drones for collecting data from planted seeds, for
farmland conditions analyses and for making digital orthophoto maps. With drones
in their business, the company intends to achieve field monitoring automation and
make savings in their business. Agrokor, one of the biggest Croatian companies,
uses drones for their agricultural business operation (i.e. Belje and PIK Vinkovci
companies), where this use resulted in savings in production that led to increased
productivity. They also evaluate the possibility of using drones in the other part of
their group. (Baceli¢, 2016) The use of drones in agriculture was one of the main
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topics at the Croatian DRONEfest conference, which was held for the second time in
2017. DRONEfest is a conference for presenting the latest news about drones from
different aspects (legal regulation, business possibilities, drone types, etc.) and it
is a great place for further promotion of drone usage in Croatia. The conference is
organized by IN2 company, which is the leading company in drone use introduction
and adeveloper of software for drone control and use in infrastructure and agriculture.
In May of the 2018 a first Drone Expo has been organized in city of Osijek. Expo had
several workshops and lectures about drone use and was a host for the International
Drone race cup of Croatia (Korda, 2018)

The Croatian national electricity company Hrvatska Elektroprivreda uses
drones to control their power lines in remote areas. This helps them check potential
malfunctions without shutting down electricity during this process.

In Croatia, drones are mostly used in the production and technology sector.
Several logistics companies (e.g. Tisak and Overseas) are evaluating the use of
drones for their deliveries. The Croatian Post is watching global trends, but for them,
drone deliveries are not feasible due to drone reliability as delivery tools (weather
conditions, short delivery range, and airspace regulation).

There is a legal framework regulating the use of unmanned aircraft vehicles in
Croatia. The Air Traffic Act (Official Gazette, 2014) regulates all civil aviation
activities on the territory and in the airspace of the Republic of Croatia. In accordance
with the Air Traffic Act, Croatia adopted the Ordinance on unmanned aircraft
systems (Official Gazette, 2015). The provisions of the Ordinance are applied to the
systems with operating mass less than 150 kg. Pursuant to current legal regulation,
unmanned aircraft vehicles are divided into three classes: (1) up to 5 kilograms, (2)
from 5 to 25 kilograms, and (3) from 25 to (and including) 150 kilograms. Besides
that, the Ordinance defines flight area classifications in relation to population and
the presence of people and buildings. The category of flight operations is defined
by operating mass and the flight area and there are currently four categories in
accordance with the Ordinance. Regarding UAV flight safety, the aforementioned
Ordinance states general conditions (i.e. flights in daylight, distance from objects,
people, animals, etc.), some of which leading to the biggest restrictions - flights
during daylight hours. For these reasons, the full exploitation of the technological
capabilities of UAVs is disabled. One of the current problems of UAV regulation
is the fact that Croatia does not have any register of UAVs. This problem becomes
apparent when it is required to find an unmanned aircraft and locate a responsible
person (i.e. operator, pilot, or owner). This register should be implemented based on
comparative legal solutions. Mudri¢ and Katuli¢ (2016) stated that similar registers
of operators are currently present in the Czech Republic, Italy, the Netherlands and
Sweden. Erceg, Cin¢urak Erceg and Vasilj (2017: 54) state that although Annex 5
of the Ordinance provides the fulfilment of certain requirements relating to flight
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operations, relating to the age of the operator, the psychophysical ability, knowledge
of the aviation regulations and the ability to manage the system depending on the
category of flight operations, they are not strict. Thus, the issue and the problems
regarding safety of unmanned aircraft flights and potential issues in terms of damage
liability should be emphasized and further researched. Considering the specificities
of unmanned aviation, revision, improvement, and supplementing of the present
legislation in Croatiais needed (Cinéurak Erceg, Vasilj,& Erceg, 2017) and therefore
changes to the Croatian unmanned aircraft legislation will have to consider the
potential problems in current practice as well as the change of EU legislation

The main disadvantage of drones in terms of greater use in the commercial and
civilian sector in Croatia is a slow introduction of legal regulation and a lack of
regulation.

Comparison Between Turkey and Croatia

Based on the conducted research, it can be said that drones are becoming more and
more popular in both countries, bearing in mind that Turkey is a significantly larger
country than Croatia. In both countries, the number of drones is rising, especially
the ones used for personal purposes (i.e. hobbies). The fields in which drones are
currently applied in both countries are shown in Table 3.

The previous table shows drone application in Turkey and Croatia. Both countries
have legal regulation for drone use. In Turkey, drone use is regulated by several
laws. The use of drones under 4 kg of weight, with a speed less than 50 km/h and
a flight altitude under 100m is not regulated and their use is allowed for sport and
recreational purposes in open areas. Drones over 20 kg of weight are not allowed
to be operated by civilians and are regulated by the Instructions on Procedures and
Principles of UAV System Registration, Operation, Navigation, Maintenance and
Flight Sufficiency Directive. Croatia regulated drone use in May 2015, when the
Ordinance on unmanned aircraft systems (Official Gazette, 49/2015, 77/2015) was
adopted. In accordance to the Ordinance there are several types of drones and several
categories of flight operations based on the operating mass and the presence of
the people and the buildings. Although both countries have legal regulation of the
drone use, due to unexplored potentials and continuous development of unmanned
aircraft, this area will need to be constantly advanced and legally regulation should
be adjusted to the changes in use and technology development.

Both countries use drones in the military, but Turkey also produces them and is
very advanced in their production with plans for further developments.

Drones are used in both countries in the commercial and civilian sector and are
becoming even perfect gifts for different occasions for people using drones for hobbies.
Croatia uses drones in agriculture, power grid maintenance, telecommunications
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Table 3. Drone application in Turkey and Croatia

Field Turkey Croatia

Legal regulation v v
Military v v
Agriculture X v
Logistics (deliveries) X X
Maintenance X v
Telecommunications v v
Advertising, film making, marketing v v
Hobby v v
Drone thematic conferences X v
Sports v v
Forensic anthropology and v X
archeology

Source: Authors’ research, 2018

and the advertising, filming, and marketing sectors. In Turkey, drones are used in
the telecommunications sector, advertising, filming, and marketing sectors and in
forensic anthropology and archeology. In both countries, national postal companies
are evaluating the use of drones and will probably soon start testing them for
delivering parcels to rural and hard-to-reach areas. This is also the situation with
different parcel delivery service companies (i.e. DHL, DPD, UPS, FedEx), which
are still exploring possibilities in relation to legal regulation for the use of drones
for last mile deliveries.

Every year, a drone thematic conference called DRONEfest is held in Croatia
and it represents an excellent place for exchanging the latest news about drone
development trends and information about their use in different sectors. In Turkey,
Tubitak organizes the Turkish International UAV competition. The aim of the
competition is to show potential applications of UAVsin the civilian sector, especially
in emergencies such as fire or different accidents (Tubitak, 2017).

Finally, Turkey has started a drone racing championship that will also influence
and raise the popularity of drones in the country. This is a sign that drones will
have a future in our lives, especially in the logistics sector since DHL is the main
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sponsor for the world drone racing series (DR1 racing, 2017). In Croatia, similar
sport events have been organized in last two years.

Based on the aforementioned, both countries have accepted the use of drones in
the commercial and civilian sector and it is expected that drones will play an even
more significant role in the future in different sectors where they will be able to
contribute to optimization of business processes.

CONCLUSION

Unmanned aerial vehicles (drones) have brought significant advantages and
innovations to different industrial sectors. Today they are used in many different
applications, including, but not limited to, cargo, military, and advertising. Drones
are increasingly becoming a staple of everyday life and a way to help productivity.
On the one hand, they can help reduce shipping costs, and on the other, they can help
secure national security. Usage of drones is increasing, not only due to a reduction in
their prices, but also due to people’s interests, and from today’s perspective, drone
technology will continue to be developed and changed.

Drones are used in different sectors in Turkey and Croatia. Both countries use
them for military purposes since this was the intention when drones came into first
use. In other sectors, drones are becoming more and more popular and their use is
mainly limited to legal regulation and a slow introduction of legal regulation. This
is also the main barrier to greater use of drones as legal regulation is changing and
there are no standardized rules of using drones. Thus, with further development of
law and drone technology, drones will be used more frequently in industrial sectors
where they are not present now — e.g. in delivering parcels in last mile deliveries.
Their further use will lead to further development in technology and an increase in
drone production. This will result in a need for drone pilots who must be trained,
and hence create drone use and maintenance job opportunities, which will at the
end boost the national economy.

Since drones are currently present in some industrial sectors in both countries
and their use in other sectors is being evaluated, we propose further research into
the following:

e  Economic benefits of drone usage in different sectors in both countries,

e Drone production and its influence on increased drone usage in both countries,
and

e  The potential new industrial sector where drones can be introduced.
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KEY TERMS AND DEFINITIONS

Automation: Creation of technology and its application in order to control and
monitor the production and delivery of various goods and services.

Last Mile Delivery: Movement of goods from a transportation hub to the final
delivery destination. The final delivery destination is typically a personal residence.
The focus of last mile logistics is to deliver items to the end user as fast as possible.

Legal Framework: Comprise a set of documents that include the constitution,
legislation, regulations, and contracts.

Logistics: Planning, execution, and control of the procurement, movement, and
stationing of personnel, material, and other resources to achieve the objectives of a
campaign, plan, project, or strategy.

Unmanned Aerial Vehicles: An unmanned aerial vehicle is a type of aircraft
that operates without a human pilot onboard. Recent technologies have allowed
for the development of many kinds of advanced unmanned aerial vehicles used for
various purposes.
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Chapter 4

Drones in Healthcare:
An Extended Discussion on
Humanitarian Logistics

Berk Anbaroglu
Hacettepe University, Turkey

ABSTRACT

This chapter discusses the use of drones in healthcare with a specific focus on
humanitarian logistics. Drones have already been used in healthcare in different
aspects, including transfer of blood products, search and rescue missions, or collecting
different types of data including aerial photographs, air quality, or radiation levels.
Even though the published research evidence in the area of “drones in healthcare”
is almost 1% of the broader area of “drones,” the progress in public acceptance,
regulations, as well as technology is undeniable. This chapter summarizes the
different aspects regarding the use of drones in healthcare, while specifically focusing
on humanitarian logistics. The SWOT analysis indicate that the strengths and
opportunities weigh more than the weaknesses and threats, suggesting that drones
will revolutionize the way medical supplies are delivered within the coming years.
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INTRODUCTION

Airspace ownership is a topic under spotlights for centuries, from the Roman
times in 27BC to the present day. Each technological progress leads to a regulation
structuring how that technology should be used. It is not surprising to see that after
the first aircraft, which was a hot-air balloon leaving the ground in 1783, the relevant
regulations followed it in 1784 (Engvers, 2001). In today’s context, the debate is
much more heated as the airspace could be commercialised to an extent that have
never endured before, thanks to the prospects provided by the adoption of drones.
Therefore, it is not surprising to hear a senior engineer from NASA stating that
“we need to accommodate drones” in air traffic control systems (Schneider, 2017)
or see global challenges funded by Bill & Melinda Gates Foundation to support
the distribution of vaccines by low cost drones (Global Grand Challenges, 2012).

Some researchers differentiate the words “remotely piloted vehicle”, “drone” or
Unmanned Aerial Systems (UAS) (Rosser, Vignesh, Terwilliger, & Parker, 2018).
However, this chapter does not make a distinction between them. The definition
relied on throughout the chapter is: a system composed of an air vehicle and a
mission planning/control station, in which the air vehicle could potentially carry a
load for Beyond Visual Line Of Sight (BVLOS) distances and could be operated at
different levels of automation (Fahlstrom & Gleason, 2012, p. 8).

The research and development activities surrounding this topic is wide and its
implications are substantial. The renowned TIME magazine had a special issue
entitled “The Drone Age”, which was printed on the issue of June 11, 2018. A total
of 958 drones created the logo of the magazine as well as the red border in mid-
air. The cover image depicting this spectacular event was also shot with a drone
(TIME, 2018).

The word “drone”, which was coined due to the similarity of its sound to a male
bee, hasinitially been associated with a military unit, thus took a negative connotation
(M. Benjamin & Ehrenreich, 2013; Rosser et al., 2018). However, there is a growing
number of research on small, human-friendly highly automated drones that fly
in confined spaces and in close proximity to people. The emergence of drones in
public use is facilitated by their miniaturisation and reduced costs. Consequently,
the prototyping and commercialization of civilian drones had already happened and
many different drones could be bought online.

Drones can be classified in different ways, such as their landing and take-off
type (horizontal or vertical), weight (small, medium, large), propulsion (electric or
internal), flight time and their specialization such as surveillance or package delivery
(Fahlstrom & Gleason, 2012; Rosser et al., 2018). A thorough comparison of 30
different UAS based on their manufacturer, type (rotor or fixed wing), size, weight,
flight time and cost is provided in Kim and Davidson (2015).
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The integration of drones in a civilian context would add value to economy not
only in terms of research and development but also in job creation. The economic
impact of this endeavour is estimated to be $13.6 billion in its first three years of
integration and will grow to $82 billion in the next 10 years. As a result, more than
70,000 new jobs will be created in the first three years of integration (Jenkins &
Vasigh, 2013). Another article proposes a different projection, where size of the
market will reach to $82.1 billion by 2025, and generating more than 103,000 jobs
(Rosser et al., 2018). These values suggest an expected and natural outcome since
drones can perform many different tasks ranging from logistics to crop monitoring
to infrastructure surveillance, most of which can be highly automatised.

Logistics would probably be the key sector in which the utilisation of drones
would revolutionise our lives (Anbaroglu, 2017; Barmpounakis, Vlahogianni, &
Golias, 2016). The advantages of using drones to transport packages include reduced
congestion in urban areas, rapid transport of packages where road infrastructure is
poorly developed or access to remote areas in a safe way. Researchers proposed
heuristic algorithms to handle the operational challenges such as optimal routing
and scheduling of drones and delivery trucks by minimizing the delivery time
(Murray & Chu, 2015).

The nature of the spatial data generated by a drone is referred to as a ‘trajectory’,
which contains the position and timestamp of the drone at specific time intervals.
Therefore, a trajectory would constitute of a series of four-dimensional points
(latitude, longitude, elevation and time), which necessitates the use of Geographical
Information Systems (GIS) to store, query and visualise the data. Especially, legal
bodies need to store such data for long times in case of an enquiry.

The growing number of resources regarding do-it-yourself drones adds further
support to the vision of ‘drone deliveries’ (Lim, Park, Lee, & Kim, 2012). Combined
with societal efforts, such as AirShare (a design concept allowing people to offer
leftovers or unused food to those in need), drone delivery has much to offer (Burton,
Meier, Olarte, Skeini, & Zahan, 2017).

Use of drones in healthcare has also recently attracted the interest of researchers
as well as companies and non-governmental organizations. Meier (2015) provides
a concise description of how drones could be adopted in this context by including
information about some of the first ‘use-cases’. For instance, the first aerial image of
an earthquake, which happened in San Francisco, was shot in 1906. The first search-
and-rescue mission with a drone took place in May 2013. Consequently, there is a
growing research interest on the use of drones in healthcare (Bhatt, Pourmand, &
Sikka, 2018; Sachan, 2016). This chapter contributes to the literature by providing
a thorough discussion on the humanitarian logistics aspect of the use of drones in
healthcare while focusing on the most recent publications. Having reviewed the
literature, the findings are summarised through a SWOT analysis.
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Figure 1. Number of publications on drones and their classification based on the
research discipline
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There is a growing number of research on the wide area of drones. One of the
commonly used databases to search for scientific articles, SCOPUS, has been used
to investigate this trend. Having noted that the word ‘drone’ also refers to a male
bee, the papers indexed in SCOPUS having the key words {“unmanned aerial
systems” or “unmanned aerial vehicles” or “drones” and not “bee”} are analysed on
26 December 2018. Consequently, almost 40,000 papers have been published, with
almost half of it in the last four years. Since January 1* of this year [2019], over 200
papers have been indexed already. Distribution of paper’s subject area is illustrated
in Figure 1. This sheer scale of research interest is a clear indication of how these
airborne robots are going to influence our lives in the near future.

The results indicate that “medical” sector is still in its infancy with a total of
378 publications, which corresponds to less than 1% of the total publications within
the broad field of drones. A recent survey investigated the EBSCO database with
a similar search pattern and a total of 202 publications are found to be containing
the keywords “drone” and “medicine”. The scientific publications about the use
of drones in medicine are further classified into three: i) public health/disaster
relief, ii) telemedicine, and iii) humanitarian logistics, where a total of 116, 8 and
78 publications have been identified corresponding to these respectively (Rosser
et al., 2018).
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The use of drones in healthcare would lead to a substantial impact. Humanitarian
organizations or countries could immediately dispatch aid efforts by improving
surveillance, search and rescue capabilities, which is also referred to as ‘non-human
humanitarian’ effort (Meiches, 2018; Skinner et al., 2018). Emergency units such as
firefighters could benefit from simulations relying on human-system interaction. In
a search and rescue operation researchers have integrated inspection drones, that are
capable of flying in confined spaces, and virtual reality is used to provide a better
sense of the environment (Prexl, Struebig, Harder, & Hoehn, 2017). Last, as most
drones rely on electric batteries, which emit less carbon than delivery trucks, drone
delivery would also contribute to improving air quality. In this way, drone delivery of
medical products would lead to an indirect improvement to public health (Yoo, Yu,
& Jung, 2018). Empirical results also add further support by suggesting a substantial
improvement regarding the “Global Warming Potential” parameter if drone delivery
is utilised instead of relying on motorcycles (Park, Kim, & Suh, 2018).

Three Facades: Public Acceptance,
Regulations, and Technology

Public acceptance, regulations and technology are the three key facades of seeing
the effective use drones in a civilian context. As more and more research is carried
out in all of these different aspects, drones carrying medical products would be a
common practice in the coming years. The signs of this have already emerged in
the United States with the ‘UAS Integration Pilot Program’ (FAA, 2018), which
was launched on 7 May 2018. The pilot program matches local governments with
private companies to test drone flights that are currently banned in the U.S., including
flying at night, package delivery and flying over people and beyond the pilot’s line
of sight. Tests will occur at 10 different sites across the U.S. and the outcomes would
offer valuable information to the U.S. Department of Transportation and Federal
Aviation Administration (FAA), which is the aviation regulatory body to provide
the regulations for drone flights.

Public Acceptance

Itis not easy for the public to accept the use of civilian drones in a short span of time.
Recent researches aim to understand the factors affecting public attitude to drone
delivery service and prospective customers’ intention to adopt the technology (Yoo
etal., 2018). One of the key outcomes of Yoo et al. (2018)’s study is that customers’
area of residence influence their attitude towards drone delivery. Specifically, people
living in an urban environment are more interested in the safe operation of drones,
whereas people living in a rural environment are interested in privacy.
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Noise pollution is often an overlooked issue regarding the wide use of drones.
However, due to its linkage with health problems including heart disease or lower
academic performance (Passchier-Vermeer & Passchier, 2000), it is important to
investigate on noise pollution to understand citizens’ reactions. A recent research
evidence demonstrates that the noise caused by a drone is more annoying to people
than the same level of noise caused by cars or trucks (Christian & Cabell, 2017).
Consequently, it is important to investigate solutions to mitigate the sound caused by
a drone, especially during take-off, landing and low level flight (Miljkovi¢, 2018).

Safety is another important aspect that influence public acceptance. A drone
colliding into people or properties due to malfunction, hacking or running out of
battery exemplify the potential danger associated with the operation of drones in
densely populated areas. Therefore, researchers aim to quantify the effect of falling
drones on dummy human heads (Koh et al., 2018). The Alliance for System Safety
of UAS through Research Excellence, an academic research Centre of Excellence,
is also conducting research on, amongst others, quantifying the injury potential of
drones resulting from collisions with public on the ground (ASSURE, 2018). Different
strategies could be adopted to reduce the injury levels such as using energy-absorbing
materials to cover the drone or using parachutes when loss of control occurs.

Privacy is also a topic of interest, since one of the main uses of drones is to
offer enhanced vision to its customers (Zuboff, 2015). Finn and Wright (2012)
argue that the “usual suspects” (i.e. the poor, people of colour and anti-government
protesters) would be targeted and current legislations are inadequate as drones are
complex, multimodal surveillance systems that integrate a range of technologies and
capabilities. Nevertheless, regulations should be structured to protect civil liberties
and freedoms and develop mechanisms to ensure that the drone is doing its intended
task and not used for other purposes.

Lichtenstein, Slovic, Fischhoff, Layman, and Combs (1978), in their seminal
work, highlight that the public either “overestimate small risks” or “underestimate
large risks”. Therefore, public awareness should be increased by elaborating on
the best practices as well as the current regulations that are in practice. Therefore,
understanding and constructing the public perception is a crucial step towards the
acceptance of drone technologies (Clothier, Greer, Greer, & Mehta, 2015; Luppicini
& So, 2016).

Regulations
In order to realise the full potential of drones, not only scientific and technological
advances have to be achieved, but also a regulatory framework has to be developed

bridging the gap between public and private entities. In this way, public and economic
concerns could be addressed. National Aviation Authorities (NAAs), such as Federal
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Aviation Administration (FAA) of U.S. or Civil Aviation Authority (CAA) of the
UK are working towards such a regulatory framework. For instance, FAA requires
that drones, apart from those that are under 55 pounds (~25 kg), to have on-board
“detect, (sense) and avoid” capabilities (Shively, 2014). In addition, they classify
drones based on their take-off weight (Oliver, 2017). On the other hand, CAA
“requires drone flights to stay away from persons not actually involved in the flight
operation and to be at least 150 metres from structures” which prevent the mass use
of drones for logistics in an urban environment (Harrington, 2015).

Different countries have different regulations. However, for shared airspace like
the one in the European Union, it would be necessary to define test conditions and
performance standards in cooperation with all other regulatory bodies to evaluate
the capabilities and reliability of drone technology (Boucher, 2015; Torresan et al.,
2017). Consequently, European Aviation Safety Agency had already provided a
technical opinion suggesting to harmonize the efforts (EASA, 2015).

The importance of following the regulations were also highlighted in the context
of 2015 Nepal Earthquake. Even though there were no regulations regarding drone
flights, some of the volunteers assumed that they could operate drones for humanitarian
purposes without seeking permission. This act; however, backfired and some of these
teams got arrested and their drones were confiscated. This suggests the importance
of working together with the governmental bodies and the aviation regulators. Even
if the intention might be purely humanitarian, officers could evaluate the situation
differently (Meier, 2015).

Technology

Drone is a robot, meaning that it is purely a product of science and technology.
Therefore, under this heading, many different topics could be discussed such as
prolonging battery life through wireless charging (Choi et al., 2016), investigating
different levels of autonomy (Floreano & Wood, 2015), navigating through GNSS
denied environments such as urban canyons or forest canopies (Chowdhary,
Johnson, Magree, Wu, & Shein, 2013) or improving the sense and avoid methods
(Zhang, Cao, Ding, Zhuang, & Yao, 2016). It is not possible to cover all of these in
depth under this chapter. Nevertheless, it is worth to highlight the possible security
breaches. Drones relying on WiFi for communication (i.e. IEEE 802.11 standards)
are vulnerable to attacks. The recently announced security protocol, WPA3, is more
secure than its predecessor, since it fixes de-authentication, off-line dictionary attacks
and the KRACK vulnerability (Kohlios & Hayajneh, 2018). However, developing
new attacks and counter-measures are still important to assure the security of the
overall system (Vanhoef & Piessens, 2018).
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Path finding in an urban environment is also a recent research interest. In order
to prolong battery life, hence, flight duration, solar-powered drones could be used
in an urban environment. The shortest path between two points might not be optimal
in terms of energy efficiency due to the differences in building heights. Therefore,
researchers compared two strategies on a synthetic urban environment: time-
optimal and energy-optimal paths. The energy-optimal path avoids being close to
tall buildings as the total energy savings would be lower, whereas the time-optimal
path finds the shortest path. The proposed methodology aims to bring a balance to
both approaches (Wu et al., 2018).

Disaster response and management might necessitate multiple drones operated
simultaneously, also called a swarm of drones, where each is responsible for a
single task like 3D mapping of the region, locating stranded people or supplying
the medical products. The communication between the drones could make the
system cost-efficient rather than utilising a single drone for the same purpose (Alex
& Vijaychandra, 2016). A nice overview covering the different aspects of utilising
drones for disaster management, including the automated organisation between them
and their safety and security, is presented by Tanzi et al. (2016).

One of the main issues to be addressed is the data scarcity. Most of the researches
rely on simulated environments to generate and validate their models. Researchers
investigate the effectiveness of game engines for the purpose of generating as realistic
disaster data as possible (Smyth, Glavin, & Madden, 2018). As a result, drones in
healthcare is a multi-stakeholder research agenda, involving governmental regulatory
bodies, internationally recognised public bodies, non-governmental organisations
and companies. Some of these are described in Table 1 (the stakeholder names are
clickable).

DRONES IN HEALTHCARE

The growing research and development activities surrounding the topic of drones in
medicine, signal their potential, and that they would play a vital role in healthcare
(Balasingam, 2017; Bhatt et al., 2018). Researchers have conducted studies using
drones in healthcare under three main categories: i) public health/disaster relief, ii)
telemedicine, and iii) humanitarian logistics.

Public health and disaster relief related researches mainly rely on the ‘enhanced
data collection’ aspect of using drones. In this way, high-resolution spatial data could
be generated in a short span of time and at low costs compared to, for example,
satellite imagery. In addition, drones could fly through hostile or inaccessible terrain
or dangerous to humans due to contamination (Martin et al., 2016).
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Table 1. Different stakeholders relying on drones in healthcare

Name

Explanation

Public Bodies

European Aviation Safety
Agency

Established in 2002 to ensure the protection of EU citizens as well as the
environment.

International Civil Aviation

ICAO works with the National Aviation Regulatory Authorities and industry
groups from around the world to reach consensus on international civil
aviation Standards and Recommended Practices (SARPs) and policies

Organization ICAO . .. . .
g ( ) in support of a safe, efficient, secure, economically sustainable and
environmentally responsible civil aviation sector.
Organizations
Humanitarian network consisting of 3200 members in over 120 countries. The
UAViators network is dedicated to the use of drones in humanitarian efforts in a safe and
effective way.

L A community dedicated to humanitarian action and community development
Humanitarian through open mapping. The created maps are invaluable assets regardin,
OpenStreetMap yrough op ppIng. P g e

disaster management.
A community deploying micro tasking apps specifically customized for
Micromappers digital humanitarian response. User-generated, multi-media content posted on
social media during disasters are used to evaluate the overall situation.
Emergenc S .
seney A global network of organizations that work together to provide shared
Telecommunications S Lo o .
Cluster communications services in humanitarian emergencies.

Joint Authorities for
Rulemaking on Unmanned
Systems

Providing support regarding technical, safety and operational requirements for
the certification and safe integration of drones into airspace.

Companies

Matternet

Swiss Post started delivering lab samples between hospitals in an urban
environment by using quadrotor drones.

Zipline

Successful blood-deliveries in Rwanda that rely on fixed-wing drones since
late 2016 (Ackerman & Strickland, 2018).

Flirtey

Collaboration of different partners led to the first U.S. government approved
delivery of medical supplies on July 17, 2015 (Howell, 2016).

Wilstair

Within hospital delivery. Commercialization of drones delivering drugs
or carrying lab samples within hospitals would be revolutionary. Costly
pneumatic tubes will not be needed any more.

Vayu

Clinical lab samples are transferred from a remote village to a central lab in
July 2016 in Madagascar by a VTOL capable fixed wing drone.

eHang

The designed drone (coaxial multi-rotor with VTOL) can fly with a passenger
carry a passenger for approximately 10 miles through the air at speeds up

to 65 mph. The aim is to automate organ transplant delivery in medical
emergency situations in an urban environment.
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Photogrammetric methods are used to investigate copper concentration in southern
Italy (Capolupo, Pindozzi, Okello, Fiorentino, & Boccia, 2015). Photographs collected
by drones are used to identify the cause of malaria in the Sabah region of Malaysia
(Fornace, Drakeley, William, Espino, & Cox, 2014). Brady et. al (2016) relied on
aerosol optical particle counter and a CO, sensor to measure aerosol and trace gas
levels. In this way, they suggest, complex terrain, including urban environment,
forest canopies, and even breaking surface waves could be studied.

Data collection process; however, could be hampered due to the electronic
interference between the drone and sensors. Gu, Michanowicz, and Jia (2018)
monitored air quality by relying on particulate matter and nitrogen dioxide
observations. They emphasized the need to improve the electronic design so that
the on-board sensors’ readings are shielded from drone’s electronic interference.
Other studies relying on the ‘enhanced vision’ capability of a drone include the
surveillance of beaches to detect drowning people (Claesson et al., 2017), detecting
mosquito habitats (Hardy, Makame, Cross, Majambere, & Msellem,2017) or locating
wandering patients with dementia (Hanna, Ferworn, Lukaczyn, Abhari, & Lum,
2018). All of these studies demonstrate that relying on drones could improve the
existing practice.

Telemedicine is defined as an “integrated system of healthcare delivery that
employs telecommunications and computer technology as a substitute for face-to-
face contact between provider and client” (Bashshur, 1995). The main use of drones
in telemedicine is Out-of-Hospital Cardiac Arrests (OHCAs), which are considered
to be an important health concern affecting hundreds of thousands people annually
with almost a 10% survival rate (E. J. Benjamin et al., 2018).

A drone could be utilised to deliver an Automated External Defibrillator (AED)
to a location close-by the patient. Instructions to use the AED are provided through
the drone by either a video or an audio (Claesson et al., 2016; Ze¢gre-Hemsey,
Bogle, Cunningham, Snyder, & Rosamond, 2018). The communication could also
be interactive, since a smartphone attached to the drone could be used to connect
the bystander and the expert who is off-site. It is important to highlight that timely
action is critical and each minute is precious to the patience having an OHCA
(Larsen, Eisenberg, Cummins, & Hallstrom, 1993).

Some even referred the drones carrying an AED as the ‘magic-bullet’ to solve
not only the long mean response times in Emergency Medical Services (EMS), but
also the different issues regarding public access to defibrillation programs (Voorde
et al., 2017). Delivery of an AED could be considered both as telemedicine, as an
expert could be guiding a bystander from a distance by employing information
technologies as well as humanitarian logistics due to the delivery of an AED.
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Humanitarian Logistics

Humanitarian logistics involve the distribution of critical healthcare products to
patients on a timely basis and at right conditions of the product. Vaccine transportation
is the most widely studied, but the delivery of blood products, AEDs or even organs
are possible. Once entered a country, the supply chain logistics of critical healthcare
usually travels by road, passing through several storage locations before reaching
the patient (Lee et al., 2015). Supply chain bottlenecks and inefficiencies can cause
invaluable medical products to spoil, suggesting the need for innovative and lower cost
methods for delivery (Haidari et al., 2016; Thiels, Aho, Zietlow, & Jenkins, 2015).

It is also equally important to demonstrate the cost-effectiveness of transporting
medical products by drones. Haidari et al. (2016) demonstrated that utilising drones
for vaccine delivery could be more cost-effective in acomputer simulated environment
compared to the delivery using road transportation. A range of conditions including
the road conditions, population and vaccine schedule have been analysed to identify
when and how relying on drones would be cost effective. In most of the examined
scenarios, in addition to being cost-effective, vaccine availability also increases
about 2%.

Delivery of medical supplies using drones would be achieved through three main
steps: 1) dispatch, ii) shipment and iii) delivery. During dispatch the medical supplies
to be delivered are removed from the repository to be sent to the patient. Shipment
is the transportation of the medical supply to the patient and delivery occurs when
the package is delivered to its destination as depicted in Figure 2. Automation, in
all three aspects of the process, is desired in order to provide a faster and probably
a secure delivery.

During dispatch the relevant package is loaded to a drone with the destination
location. There might be new generation drones that could carry several packages
to be delivered to more than one destination in a single launch. The dispatch could
occur through a stationary repository such as hospitals, regional medical suppliers
or even pharmacies. According to Stolaroff et al. (2018), current practical range
of drones is approximately 4 km, which necessitates a new network of urban
warehouses. However, building such a network would be a costly process. In that
case, mobile repositories could be utilised containing several drones. In this way
more than one destination can be served at a time, which would still improve today’s
state-of-the-practice.

Shipment process is critical for several reasons. First, different drones would be
sharing the same aerospace, which necessitates them to follow well-defined regulations
and standards. One such regulation could be adopting an open standard that is used
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Figure 2. Humanitarian logistics using drones in an urban environment (adapted
from Anbaroglu, 2017)
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to plan non-conflicting paths for multiple drones in an obstacle rich environment.
Kothari, Postlethwaite, and Gu (2009) relied on the rapidly-exploring random trees
method to generate paths in near real time, by considering different obstacle types
(static and dynamic) as well as the kinematic constraints of the drones such as turn
radius constraints. They have assumed that drones are flying at the same height.

Different flight heights could be used to accommodate drones flying at different
speeds, just like air routes of today’s commercial flights as shown in different
horizontal lines in Figure 2. Class G airspace, which is at 1,200 feet (~365 metres)
or less to the ground, should be utilised for broad deployment of drones. Researchers
investigated the use of LiDAR data for this purpose and relied on automatically
generated Digital Surface Models (DSM), which incorporates ground objects that
pose navigation restrictions such as airports and high-rise buildings (Feng & Yuan,
2016).

During the shipment process, all drones should employ sense-and-avoid technology
so that a collision between each other, or between man-made or natural structures
are prevented. In addition, drones should reach the level of ‘cognitive autonomy’.
A drone having cognitive autonomy could perform simultaneous localization and
mapping; resolve conflicting information and plan for the future even at the risk of
not accomplishing the initial goal (Floreano & Wood, 2015). For instance, due to
heavy wind a drone might decide to return to a safe spot or charge its battery even
though it might postpone the delivery of a medical supply. The motto here should
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better be “better late than never”, since an uncontrolled failure of the mission would
probably cause more damage.

The trajectories of the drones could also be kept for some period in case of further
analysis or enquiries. Consequently, developing efficientindexing methods toretrieve
the queried data in a fast manner is important. The traditional approach is to use
relational database management systems, such as PostgreSQL, to store trajectory
data, so thatits integration with a GIS is straightforward (Mangiameli & Mussumeci,
2014). On the other hand, the emergence of NoSQL database management system,
such as MongoDB, offers new horizons to store and query large trajectory data sets
as well (Guan, Bo, Li, & Yu, 2017). Last, if a drone loses control and that downfall
isinevitable, a parachute should open while making a loud sound to warn the people.
It would also be important to aim for either natural or manufactured structures that
will cause the minimum harm to people as well as the medical supply.

Finally, the medical package should be delivered. The most plausible scenario for
deliveryistouse “Collectand Delivery Points” (CDPs), where general-practitioners,
bystanders or whoever is responsible can pick up their medical supply. There are two
main types of CDPs: 1) attended and ii) non-attended. In attended CDPs an officer is
employed, whereas in non-attended CDPs customers use some sort of identification
(e.g. PIN number) to pick up their supply. The supplies could be delivered to both
types of CDPs. Indeed, Amazon has already issued a patent application to use lamp
posts as a CDP, which could also be used to recharge drones (Coulton, Lindley,
Sturdee, & Stead, 2017).

Apart from having a more organized way of delivery, relying on CDPs would
also have the advantage of delegating the recognition of the person receiving the
supply to CDPs. In this way, the privacy of the patients would be kept, which is
a requirement of “Health Insurance Portability and Accountability Act (HIPAA)”
of the U.S (Bhatt et al., 2018). Once the technology to deliver medical supplies to
CDPs is established, the next improvement would be towards delivering supplies to
residential buildings or even moving emergency vehicles in an urban road network.

Drones have already been deployed for humanitarian logistics and at different
stages of disaster management including response, recovery, and mitigation (K.
Kim & Davidson, 2015). It is possible to deliver essential medical products such as
vaccines, blood products and diagnostic tests by drones. As Flahault et al. (2017)
states “as smartphones are solving the communication needs in low and middle
income countries, drone deliveries might solve transportation needs in countries
where road networks are wanting”.

Essential medicine delivery by drones is not limited to low and middle income
countries. The Swiss Post, national postal service of Switzerland, has started using
drones to carry laboratory samples between hospitals in Lugano and Bern (Swiss Post,
2018). In Australia, the prospect of ‘medical maggot’ delivery by long endurance
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drones is investigated. The authors state that “no insuperable challenges to the
concept” are found, and they offer a road map to realise this economically feasible
delivery method (Tatham, Stadler, Murray, & Shaban, 2017).

Safe transport of disease test samples and test kits in areas with high contagion
could also be provided. Consequently, there is a growing research interest in this
endeavour and the use of drones in medicine appears to be promising as it can both
increase the quality and accessibility of healthcare (Bhattetal.,2018). Companies like
Google have already patented their ideas (US9307383B 1) regarding the distribution
of medical supplies including defibrillators, inhalers and drugs like epinephrine and
insulin (Patrick, 2016).

The challenges such as the maintenance and operation of drones as well as storing
the medical products at right temperatures during the delivery are eminent. For
instance, Amukele et al. (2017) investigated the impact of along (i.e. three hour flight
travelling approximately 258 km) drone flight on chemistry and haematology results
obtained from the flown blood samples. Apart from glucose and potassium levels
being higher in the flown samples, which is attributed to temperature differences,
the remaining 17 chemical and haematological tests showed similar results. This
finding adds further support to transporting blood long distances using drones, but
transportation environment should be carefully designed to consider temperature,
vibration and acceleration. In addition, growth patterns of microbes that are transported
by a drone flight are also not affected during the transportation (Amukele, Street,
Carroll, Miller, & Zhang, 2016).

Search and rescue operations could also be considered under humanitarian logistics,
since they might involve transportation of a product or person to improve the current
situation. The duration of the process is usually critical in such missions. Drones
are found to be useful to scan large areas in short time periods (Karaca et al., 2018;
Pulver & Wei, 2018). Therefore, a search and rescue operation could involve the
delivery of critical equipment such as a vaccine or an inflatable boat. For instance,
Silvagni, Tonoli, Zenerino, and Chiaberge (2017) operated drones in mountainous
areas for rescue operations. The drone is designed to meet the harsh environmental
conditions including low temperatures, high altitude and strong winds. In addition,
different payloads could be carried such as avalanche beacon, camera, emergency
kits or even explosive material for controlled avalanche detachment.

Military could also benefit from the advancement of drones by rapidly evacuating
the wounded or deceased personnel from highrisk areas. The benefits include, reduced
risk to human life, cost-effectiveness, ability to reach areas that are unreachable
by conventional aircraft and the rapidity of transfer. However, user acceptability
has to be investigated thoroughly. In addition, effective management of airspace as
well as the appropriate level of care to deliver during transit are equally important
(Handford, Reeves, & Parker, 2018).
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Commercialization of some of these use-cases has already taken place. For
instance, Rwanda launched world’s first national emergency drone delivery system.
The mountainous terrain of Rwanda makes it difficult to reach remote villages. The
lack of proper road infrastructure further exacerbates the problem. Furthermore,
some places can only be reached by boat (Gavi, 2016; Rosen, 2017). The 18-month
project run by Zipline, a robotics company founded in 2011, involves two phases;
the first is blood delivery to transfusion facilities to save women experiencing
postpartum haemorrhaging, the second is rabies vaccine delivery. The drone is a
12 kg fixed wing that can carry almost 1.5 kg of blood or medicine and can fly 75
miles before recharging.

DISCUSSIONS

The dilemma between the advancement of technology and its implications to
society is a moral and a philosophical one (Postman, 1993). Even though most of
the technological advancements do occur prior to regulations, it is important to
convince the public regarding the added value of the newly introduced technology.
It is always necessary to learn from the previous experiences such as Los Angeles
Police Department and Seattle Police Department abolishing their drone programs
after public’s disapproval (West, Klofstad, Uscinski, & Connolly, 2019). Therefore,
decision makers need to balance the concerns of the general public, companies,
drone hobbyists, and government agencies.

Three main issues have to be addressed to gain public support in this regard:
privacy, safety and ethics (Luppicini & So, 2016). Considering the advancements in
sensor technologies and the web technologies, it is difficult to think of a complete
privacy. In addition, the number of Internet of Things (IoT) are projected to reach
to 50 billion by 2020 (Isaak & Hanna, 2018). All of these developments further
exacerbate the public’s concern on privacy. However, researchers also identify
different aspects that might change our perception on a technological product. For
instance, appearance and the level of automation and as discussed, autonomy of a
drone could affect the perception towards their use (Lidynia, Philipsen, & Ziefle,
2017). Different tools such as community meetings, mass media coverage of success
stories and informing the public and private sector would add support to people
embracing this new technology.

At the same time, regulations need to keep up with the technological progress.
Indeed, a report entitled “Recurring Dilemmas: The Law’s Race to Keep up with
Technological Change” is dedicated for this topic and proposes to design a legal
system that can cope with a rapidly changing technological environment (Moses,
2007).
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Clothier, Fulton, & Walker (2008) state that “history has shown us that some
of the greatest obstacles facing the realisation of a new technology are not always
technical in nature but are often related to its integration into society.” They further
provide a thought-provoking example of the introduction of automobiles in the UK.
The relevant legislation, Locomotive on Highways Act of 1865 that is also referred to
as the ‘Red Flag Law’, might well have blocked further technological developments
in the UK, leaving other countries to benefit the pioneering.

The growing research trend on the use of drones in healthcare, and specifically
in humanitarian logistics signal a future where a new mode of delivery of medical
supplies is introduced: drones. This new mode could potentially be applicable in
both rural and urban environments. Atthe moment, researchers have already initiated
pilot projects, and countries like Rwanda have started delivering critical medical
supplies with drones. The success of such projects would not only convince the
regulators but also the tax payers in terms of the societal and economic gains that the
new delivery mode will bring. It is therefore important to start developing planning
models in order to determine the optimum number of drone centres and the number
of drones each of these centres should employ (S.J. Kim, Lim, Cho, & Coté, 2017).

The SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis
regarding the use of drones for humanitarian logistics is provided in Table 2. The
foremost positive aspect of relying on drones in humanitarian logistics is apparent:
rapid transport of medical supplies to both rural and urban areas. In rural areas the
infrastructure might not be well-established, which would increase journey times by
road. In urban areas traffic congestion or landscape might increase journey times.
In addition, the initial test results demonstrate that the quality of the transferred
medical product do not deteriorate due to its transmission with a drone. Last, relying
on drones might decrease the overall costs. However, the main aspect blocking its
wide use appears to be the lack of legislation. Just like in 2015 Nepal Earthquake,
the use of drones could even be banned (Meier, 2015). In addition, it is important
to operate each mission with care, since an incident might cause concerns amongst
the public delaying its common use.

FUTURE RESEARCH DIRECTIONS

Drones would likely be used extensively in healthcare in the coming years. Countries
such as Rwanda and Switzerland have already started delivering medical products
through this new mode of transportation. One possible future research direction is to
investigate the cost-effectiveness of this new mode compared to existing modes. Even
though there is research evidence supporting the use of drones for vaccine delivery,
these econometric studies have relied on computer simulations. Real-life pilot studies
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Table 2. Drones in humanitarian logistics: SWOT Analysis

Strengths

‘Weaknesses

e Rapid transport of critical healthcare products
such as AEDs . Given that the spatial distribution
of drones is optimised, the majority of a 2000 km?
landscape could be reached under a minute, which
is substantially better than the traditional approach
of relying on a road transport vehicle such as an
ambulance or a motorcycle (Pulver & Wei, 2018).
e Access to remote areas including, caves, islands,
rugged terrains, mountains or rural areas.

e Economically feasible (Haidari et al., 2016).

e Reduced carbon emissions (Park, Kim, & Suh,
2018).

o Quadrotor drones could fly and land to small
designated areas, requiring low levels of capital
investment.

o Initial test results indicate that the quality of the
transported medical supply does not deteriorate
(Amukele et al., 2017, 2016).

o Lack of regulations (Tatham et al., 2017).
o Lack of extensive experiments of drone flights
under different climate zones, weather, landscape,
urban environment or at different daylight levels.
More research has to be carried to investigate the
quality of the transferred medical supplies under
these different conditions (Lippi & Mattiuzzi, 2016).
o Lack of extensive research on the financial cost-
benefit analysis. Current analyses favour delivery
of medical supplies by drones (Haidari et al., 2016).
However, it is important to minimize the required
extra warehousing due to the limited flight range of
drones (Stolaroff et al., 2018).

o Necessity to understand the concerns of the
public (Clothier et al., 2015; Luppicini & So, 2016).

Opportunities

Threats

o Existence of well-established organisations such
as UAViators. Their resources are invaluable as they
document the best practices as well as the lessons
learned.
e Research on indoor navigation and small drones
could lead to intra-hospital deliveries, which might
then eliminate the need of the traditional pneumatic
tubes.
o The benefits have already been observed. Success
stories should be highlighted in media, education
and governmental bodies. There are more than 25
million results for the terms: ‘drone’, ‘saved’, ‘life’
in Google.

o Recent initiatives from regulatory bodies
allowing for a variety of test scenarios (FAA, 2018).

o A legislation prohibiting drone flights.

e Not being compliant with laws such as “Health
Insurance Portability and Accountability Act
(HIPAA)” of the U.S. that regulates the health
insurance, protect the confidentiality of the patients
and security of healthcare information (Bhatt et al.,
2018).

o Incidents cause frustration amongst the public
(Solodov, Williams, Al Hanaei, & Goddard, 2018).
Transferring wrong type of medical supply or
drone carrying critical healthcare falling to cause
another injury or even casualty would probably raise
concerns.
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should be carried out to draw a more realistic conclusion. In addition, each drone
delivery would generate substantial amount of spatio-temporal data. Once the number
of operational drones reach thousands in a single urban environment, investigating
efficient ways to store and query such large trajectory datasets would be required.
Societal and legal studies need to carried out to understand the implications of using
drones in medical sector and develop mechanisms to solve possible controversies.
Last, progress on artificial intelligence would undoubtedly advance the ‘sense and
avoid’ capabilities of drones as well as pave the way towards autonomous delivery

of medical products.

102

Al'l use subject to https://ww.ebsco.coniterns-of-use




EBSCChost -

Drones in Healthcare
CONCLUSION

Robot automation has advanced considerably in the last decade. Drones have also
advanced in many different ways including, but not limited to, their agility, speed and
length of flight time. The number of publications including the keyword “drones”
and its closely related terms reached 40 thousand, and intriguingly almost half of this
have occurred in the last four years. There are many areas where the use of drones
would bring additional benefits to current operations. Healthcare has relatively taken
less attention. However, the existing literature suggests that the use of drones would
bring substantial benefits to healthcare.

The first benefit is due to their advanced capabilities in terms of data collection.
They could be used to quickly locate and identify people in search and rescue
missions, collect test samples from contaminated areas or collect air quality data.
The second benefit is telemedicine and the leading example of this is the assistance
provided by the drone while delivering an AED. The drone will not only carry an
AED, but also the necessary means to facilitate the communication between the
bystander and the medical expert. Humanitarian logistics, which is the third benefit
of drones in healthcare, would prove to be invaluable in terms of rapid transport of
medical supplies to both rural and urban environments compared to the traditional
land based modes. In addition, there is experimental evidence suggesting that this
endeavour would also be more economically viable in the long term. The main threat
to the realisation of this vision is two-fold. First, most of the developed countries’
regulations do not still allow for BVLOS flights as well as flying over people,
without specific approvals or waivers. In addition, the prospect of incidents might
raise concerns amongst the public. Nevertheless, the initiatives such as the recently
launched ‘UAS Integration Pilot Program’ are invaluable towards the integration of
drones into civilian airspace (FAA, 2018).
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KEY TERMS AND DEFINITIONS

Autonomous Drone: A drone that is cognitively aware of its environment and
itself. An autonomous drone may decide to abort a delivery mission and make a
safe landing.
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Collect and Delivery Point (CDP): The pickup and dropoff locations of the
medical product.

Database Management System (DBMS): An information system that is used
to store, query and analyze large amounts of trajectory data generated by the drones
carrying medical products.

Geographic Information Systems (GIS): Aninformation system that can be used
to store, query, analyze, and visualize trajectory data and maps generated by drones.

Humanitarian Logistics: Distribution of healthcare products to patients on a
timely basis and at right conditions of the product.

Operation Time: Temporal duration between the dispatch of the drone carrying
a medical product and its delivery.

Trajectory Data: The location and time of each drone carrying amedical product
could be sampled at regular intervals, eventually leading to a trajectory. Additional
attributes such as the pitch, roll, and yaw angles as well as the speed could also be
included in a trajectory.
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Chapter 5

Drones to the Rescue:
A Case Study of Cyclone PAM

Peter Tatham
Griffith University, Australia

ABSTRACT

This chapter considers the potential operation of long-range drones to support
the logistic response to a natural disaster using a case study of Cyclone Pam that
struck Tafea Province of Vanuatu in March 2015. It provides an overview of how
the core capabilities of such drones might be employed in order to overcome the key
challenge facing humanitarian logisticians responding to such disasters — namely
that of understanding the 6W problem of “who wants what where when and why.”
The chapter then discusses the people, process, and technology issues that would
need to be overcome in order to operationalize the concept.
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INTRODUCTION

Drones — technically known as Remotely Piloted Aircraft Systems (RPAS) — are
frequently used in amilitary context for both surveillance or attack, but are increasingly
being employed in anumber of non-military contexts including: the provision of aerial
surveillance and mapping (Nex & Remondino, 2014), in the structural evaluation
of buildings (Artemenko et al., 2014), in fire detection (Huang et al., 2011), in the
provision of emergency communications (Tuna et al., 2014), and in the delivery of
medical supplies (Holz, 2018).

Given the broad range of potential uses of such systems, it comes as no surprise
that consideration is being given to their employment as part of the response to a
disaster. In this regard, the American Red Cross (2015) recently concluded that:
“Aerial drones are one of the most promising and powerful new technologies to
improve disaster response and relief operations. ... When a disaster occurs, drones
may be used to provide relief workers with better situational awareness, locate
survivors ... perform structural analysis of damaged infrastructure, deliver needed
supplies and equipment, evacuate casualties, and help extinguish fires — among
many other potential applications.” (p. 4).

This Red Cross report also analyses previous cases where drones have been used
in the aftermath of a disaster and suggests (p.7) that the most appropriate tasks are:

Reconnaissance and Mapping

Structural Assessment

Temporary Infrastructure/Supply Delivery

Wildfire — Detection and Extinguishing

High-Rise Building Fire Response

Chemical, Biological, Radiological, Nuclear, or Explosive (CBRNE) Events
Search and Rescue Operations

Insurance Claims Response and Risk Assessment

Logistics Support

Furthermore, ithas recently been suggested that annual sales of drones will surpass
US$12 billion in 2021, which reflects a compound annual growth rate (CAGR) of
7.6% from the US$8.5 billion recorded in 2016 (Joshi, 2017). It is unsurprising,
therefore, that the use of drones in support of the response to disasters is already
taking place and is likely to expand. This is underlined by a recent report by the
United Nations Office for the Coordination of Humanitarian Affairs (UNOCHA) in
which it was observed that: “[the] move from speculation to reality raises challenging
questions around ... how best to integrate [drones] into humanitarian response.”
(UNOCHA, 2014, p. 3).
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It is also important to appreciate that there are significant capability differences
between what are generically referred to as drones — in particular in respect of
their endurance, speed and normal operating altitude. Whilst there is, as yet, no
standardised classification system, that used by the United States Department of
Defense offers an overview (Table 1).

In practice, however, the use of drones in a disaster response context has mainly
been limited to short range micro or mini variants (i.e. US DoD Group 1) such as
those documented in a number of recently published case studies (UAViators, 2016).
Whilst these case studies clearly demonstrate that such micro/mini drones have
provided significant benefit to the responding agencies (and, hence, the affected
populations), their endurance is typically less than 30-45 minutes. Thus such systems
have a limited capability when required to transit significant distances from their
base to the area of operations.

The aim of this chapter is, therefore, to consider the potential benefits and costs
of the operation of long endurance drones in support of the logistic response to
natural disasters. Such aircraft can be categorised as falling into the low end of US
DoD Group 3/high end of Group 2 (see Table 1). In doing so, the events surrounding
Cyclone Pam that struck Vanuatu in March 2015 will be used to demonstrate both
how long endurance drones might be employed, as well as the steps that would be
needed to operationalise their use in a robust way.

To achieve the chapter’s aim, it will first offer a brief overview of the generic
humanitarian logistic (HL) challenge. It will then provide a summary of the literature
relating to drones in an HL context before discussing the capabilities of a typical
long endurance example. An overview of Cyclone Pam follows, after which the
chapter will outline ways in which drones could have been used to mitigate the
cyclone’s impact. The chapter will end with a discussion of the areas of further

Table 1. Drone Classification according to the US Department of Defense

Max Gross Normal Airspeed
Group Size Take-Off Operating (KIt’s)
Weight (Lbs) Altitude (ft)
Group 1 Small 0-20 <1,200 AGL* <100
Group 2 Medium 21-55 <3,500 <250
Group 3 Large <1320 <18,000 MSL** <250
Group 4 Larger >1320 <18,000 MSL Any airspeed
Group 5 Largest >1320 >18,000 Any airspeed
*AGL = Above Ground Level
**MSL = Mean Sea Level

Source: US Army (2010)

117

EBSCChost - printed on 2/9/2023 3:17 AMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Drones to the Rescue

work that will be needed to underpin a broader use of drones to support the HL
response to a disaster.

THE HUMANITARIAN LOGISTIC CHALLENGE

In the same way as for the commercial logistician, the challenge facing his or her
humanitarian counterpart is that of matching supply with demand in an efficient and
effective way. Thus, in the ‘for profit’ environment, the demand side of the equation
becomes clear from the action of a consumer purchasing a product in a shop or via
the internet. However in the aftermath of a disaster those who have survived are
focussed on staying alive and minimizing the impact of the event. As a result, the
process of ascertaining their requirements — usually termed ‘needs assessment’
— frequently has to be undertaken by a 3™ party such as staff from a government
agency or from a non-government organisation (NGO).

Furthermore, this process is often challenged by the failure of communications
systems (both electronic and physical) as well as a lack of knowledge relating
the affected population’s demographics and, hence, individuals’ particular needs
(Tatham & Kovacs, 2010). Thus, determining the answer to the ‘6W question’
(Who Wants What Where When and Why) can be extremely complex, particularly
recognising that the price of failure is not simply a matter of reduced profits. On
the other side of the equation, the physical impact of the disaster frequently disrupts
re-supply routes — for example through damage to sea ports and airports, blocked
roads, destroyed bridges etc., all of which reduce the speed and effectiveness of the
response (Tatham et al. 2017).

The use of drones can help to mitigate both sides of the demand/supply equation.
On the demand side, the use of drone-mounted cameras will help those managing
the response understand the overall impact of the disaster. Furthermore, and as will
be explained later in this chapter, the latest generation of drones incorporate systems
that will allow communication with those on the ground in the event that the normal
systems are no longer available (as was the case in the aftermath of both Cyclone
Pam and also in Cyclone Winston (Fiji, 2016)). On the supply side, the ability to
overfly prospective transport routes will help the logistician choose those that are
least impacted by the disaster event by identifying, for example, broken bridges or
blocked roads.

Whilst such capabilities are available through the use of US DoD Group 1 drones,
they are typically not able to capture this information in respect of communities
that are at a distance from the operating base. For example, Cyclone Pam severely
impacted the 5 islands that make up the Tafea Province of Vanuatu and, in doing
so, demolished the only cell phone tower covering the region (Tatham, et al., 2017).
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As a result communications with the islands were extremely limited, noting that
the furthest island (Anatom) is some 300km (185mi) over water from the capital
(Port Vila). Thus, the use of long endurance drones would have potentially provided
a significantly swifter understanding of the impact of the disaster and, hence, the
logistic response requirements than was actually the case.

THE CHARACTERISTICS OF A LONG ENDURANCE
DRONE TO SUPPORT HL OPERATIONS

According to OCHA (2014), drones are becoming relatively commonplace with 270
companies in 57 countries reported as manufacturing such aircraft. This figure will,
unquestionably, grow as indicated by recent data from the United States Federal
Aviation Administration (FAA) which predicts that annual sales will increase from an
estimated 2.5 million in 2016 to some 7 million in 2020 (FAA, 2016). Such aircraft
range start from very small platforms, often in a multi-rotor helicopter configuration
similar to those that have recently gained significant publicity in the wake of trials
by, amongst others, Amazon (Titcomb, 2016) and Domino’s Pizzas (Gye, 2013).
At the other end of the spectrum there are high performance fixed wing aeroplanes
such as the USAF Global Hawk that is the size of a small executive jet and has a
unit cost of >US$130M (GAO, 2013).

Given this potential range of drones, and putting aside cost considerations that
will be discussed later, the choice of platform will reflect its desired capabilities as
well as the operational environment. With this in mind it is argued that the chosen
drone should meet a number of high level selection criteria:

e  Inlightofthe humanitarian context, it should notbe covered by the International
Traffic in Arms Regulations (ITAR) or be an otherwise restricted system.

e  Ideally, it should have sufficient endurance to allow it to operate continuously
throughout the hours of daylight, i.e. for some 8-12 hours.
Whilst not essential, a night-flying capability would also be beneficial.
It should have a relatively large payload capability which should include
regular and infra-red still and video cameras. The payload should also include
the ability to link into satellite networks as necessary both for command and
control purposes and also to deliver the captured data to the affected country’s
National Disaster Management Organisation (NDMO) swiftly and efficiently.

As indicated earlier, these high level criteria would indicate the requirement for

a drone that is able to operate ‘beyond visual line of sight’ (BVLOS). An exemplar
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of such a system is the Latitude HQ -160B, the details of which are summarised
in Table 2:

It should be noted that the Latitude drone is launched and lands vertically (VTOL),
and thus requires only a safety area of some 8m (26ft) in diameter.

LITERATURE REVIEW

A review of the literature relating to the use of drones in a disaster response context
was carried out based on the methodology of Kunz and Reiner (2012) in which
the following databases were searched: Proquest ABI/INFORM Complete (ABI),
Business Source Complete (BSC) and Web of Science (W of S) for Academic
Journals, and using the keyword and Boolean operator string:

(“Unmanned Aerial Vehicle” OR “UAV” OR “Unmanned Aerial System” OR
“UAS” OR “Drone” OR “Remotely Piloted Aircraft System” OR “RPAS”) AND
(“Disaster response” OR “Emergency Response” OR “Humanitarian Logistics”)

The start point for the search timeframe (2005) was selected based on the first
reported use of drones in a humanitarian context which took place in the aftermath
of the Hurricane Katrina (Tatham, 2009), and the final date was the end of the
calendar year 2016.

The results of this review are shown in Table 3 and, notwithstanding the search
string, 41 were found to be not directly relevant. These included, for example, general
discussions of the HL challenges such as those offered by Tatham and Pettit (2010)
and by Tatham and Christopher (2017), both of which mention the potential use of
drones without offering any specific analysis.

Table 2. Latitude HQ -160B: Key performance data

Latitude HQ -160B
Endurance 15hrs
Cruising Speed 70kph (45 mph)
Ceiling 4,268m (14,000£t)
Wingspan 3.81m (12.6ft)
Overall Length 2.44m (8ft)
Max Gross Take-Off Weight 43kg (951b)
Max Payload Weight 5.44kg (121b)

(Source: Tatham et al., 2017a)

120

EBSCChost - printed on 2/9/2023 3:17 AMvia . Al use subject to https://ww.ebsco.coniterns-of-use



EBSCChost -

Drones to the Rescue

Table 3. Summary of the database search

Business
il Source ;Z:::l(c)z Total
Subject Area INFORM | Complete (WofS)
BSC)
Technical operation of drone sensors and/or 5 1 12 18
communications systems
Use of micro/mini drones in disaster response 10 10
Ethics/control of drone operations 7 7
Use of drones for mapping 5 5
Development of ‘dextrous drones’ that incorporate 4 4
manipulation devices
Use of drones for post-disaster evaluation of buildings 1 3 4
and structures
Use of drones for environmental analysis 2 1 3
Use of macro drones in disaster response 3 3
Safety/risk management in drones operations 1 1
Use of drones for detection of fires 1 1
Use of drones for search and rescue 1 1
Not relevant 32 2 7 41
Total 48 6 44 98

Source: Tatham et al. (2017a)

As can be seen from Table 3, a significant proportion of the literature is devoted to
the actual operation of drones and their associated sensors. These papers considered
ways in which the capabilities of drones could be improved through, for example,
the use of particular mathematical algorithms that relate to route planning, collision
avoidance techniques, and dispatching/loitering policies. In a similar way, a significant
element of the literature was related to the operation of mini/micro drones, whilst a
number of other themes emerged from the literature review including the use of drones
for: post-disaster structural evaluation of buildings, fire detection, environmental
monitoring, and search and rescue. Clearly all these are very important areas of
developing research, they do not directly relate to the key focus of this paper which
relates to the operation of long endurance BVLOS drones supporting HL operations.

With this latter focus in mind, a particularly important theme emerging from the
literature was discussion of the ethical operation of drones as well as the implications
of the restrictions imposed by various national aviation authorities. Whilst multiple
agencies across the globe are actively engaged in developing regulations that provide
abalance between concerns related to safety and privacy versus the potential benefits
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of drone operations, itis clear that the current legislative environment present in many
countries severely restricts their use. As will be discussed later in this chapter, this is
a key area of challenge that will need to be overcome if drones are to become part of
the normal mechanism for the provision of support to the humanitarian logistician.

Within this set of papers, there was considerable discussion of the fact that drones
have migrated from their original role as military weapons and the resultant ethical
issues surrounding their use. In this regard Soesilo and Sandvik (2016) offer the
results of a recent survey of humanitarian organisations, donors, United Nations
(UN) agencies, national governments, private business and other respondents. Whilst
the response rate was not provided, the survey elicited 194 inputs during the period
15 Nov 2015-15 Jan 2016, and its results of the research can be summarised in the
authors’ observation that:

A majority of survey respondents [66%] expressed confidence that drones have the
potential to strengthen humanitarian work, and that drones can greatly enhance
the speed and quality of localized needs assessments, while a significant minority
[22%] viewed the use of drones in humanitarian work unfavourably. (Soesilo &

Sandvik, 2016, p. 3).

Whilst the authors of this survey fully acknowledged its limitations (p. 4), they
nevertheless argued that it provides a baseline against which future trends can be
determined.

In particular, the survey respondents emphasised (on the positive side) the ability
of drones to support various logistic processes including needs assessment and
material delivery. On the negative side, however, the core concerns were related
to their association with military applications and their potential to increase the
‘distance’ between the beneficiaries and the aid workers. Survey respondents also
underlined the need for clear/improved ethical and operational guidance, whilst
the development of a dedicated drone service for humanitarian operations received
considerable support (61%).

A number of more relevant contributions were, however, found including the
paper by Tatham (2009) in which the author discussed the suitability of drones to
support the initial needs assessment in the aftermath of a rapid onset disaster and
which, arguably, represents the first discussion of their use in an HL context.

Secondly, UNOCHA (2014) which surveyed the recent use of drones and
suggested that: “One promising area is delivery of vaccines or other small medical
supplies...” (p. 8). However, this paper went on to note that “... the range limits
on small UAVs (perhaps 40km) would make them unviable where villages are too
widely spaced like much of the DRC [Democratic Republic of the Congo]” (p. 8).
This latter observation captures an important theme that emerged from the literature
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in which discussion around the use of drones in a humanitarian context generally
only considers small (i.e. US DOD Group 1) aircraft.

Nevertheless, the American Red Cross (2015) also undertook a comprehensive
review of the potential use of drones and their report concludes that:

Aerial drones are one of the most promising and powerful new technologies to improve
disaster response and relief operations. ... When a disaster occurs, drones may be
used to provide relief workers with better situational awareness, locate survivors
... perform structural analysis of damaged infrastructure, deliver needed supplies
and equipment, evacuate casualties, and help extinguish fires — among many other
potential applications. (p. 4).

The report went on to analyse previous cases where drones have been used and,
in particular, suggested that one of appropriate tasks to be ‘Supply Delivery’ (p.7),
with a particular emphasis on the use of large payload drones.

A further important source was the website of the UAViators organisation (www.
uaviators.org) which supports a community of practitioners who are striving to
develop improved ways of using drones to support those affected by disasters. Not
only does this website contain a large number of case studies, but it also provides a set
of Operational Guidelines (UAViators, 2018) which are currently under consideration
by the UN, IFRC and NGO communities, and which are recommended for use by
UNOCHA (2014).

Since the completion of the literature review summarised above, two further
papers have been published. The first provides an updated analysis of the potential
for the use of drones to support the humanitarian logistician (Tatham et al., 2017),
whilst the second considers a specific scenario in which drones could be used to
provide medical support for a remote community in Western Australia (Tatham et
al., 2017a).

In summary, and drawing on the above literature and also following informal
discussions with manufacturers and experts, a BVLOS drone is perceived to have
particular benefit for the humanitarian logistician in the provision of the following
capabilities:

e  Capturing still/video photography/infra-red imagery to support the Needs
Assessment process.

e  Using a ‘find your phone’ functionality in which the drone can initiate a call
fo an operating cell phone from, for example, the NDMO as an extension of
the Needs Assessment process.

e  Acting as a temporary mobile communications system by flying in a geo-
stationery orbit.
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e  Dropping a mobile communications device (such as a solar-powered satellite
phone) into the affected area to enable direct communications with the
NDMO.

e  Conducting low level surveillance of prospective logistic re-supply routes to
ascertain if they have been compromised by, for example, landslips or broken
bridges.

The next section of this chapter is designed to demonstrate how these five core
capabilities could be operationalised using the example of Cyclone Pam as an exemplar.

CYCLONE PAM: A CASE STUDY
An Overview of Cyclone PAM

The Category 5 Cyclone PAM struck Vanuatu, a nation of some 80 islands that span
1,300 km (800 mi), on the morning of 16 March 2015 with the southern group of
five islands (Tafea Province) receiving a “direct hit” from one of the most intense
cyclones on record. While the death toll of 15 was remarkably low, around 130,000
people (some 50 per cent of the country’s population) needed emergency shelter
and more than 95 per cent of the crops were destroyed (ABC, 2016).

In addition to the 6W challenge of understanding the impact of the disaster, a
further complicating factor was that the cyclone damaged or destroyed much of the
communications systems (including the local cell phone tower). As a result, even
48 hours after the event, it was not possible to communicate with the five islands
of Tafea province which are located some 150-250 km (95-155 mi) from the capital
Port Vila (United Nations Logistics Cluster, 2015).

Furthermore, the damage to the road systems (through fallen trees, landslides and
general degradation of the roads themselves), together with the rough sea conditions
and associated damage to boats, limited the extent to which individuals and regional
authorities could self-report (United Nations Logistics Cluster, 2015a). Even ten days
after the onset of the disaster, both the absence of coordinated and real-time input
to the NDMO and gaps in the reporting processes severely challenged the ability of
the authorities to make informed and decisive decisions during this critical initial
stage of the response. This has a corresponding impact on those already affected
by the disaster (United Nations Logistics Cluster, 2015b).

In summary, it is argued that the lengthy over-water transit distances from the
capital to the affected islands (15-20 hours by ship each way), in combination with
the impacted communications capability, underpin the potential value of using long
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endurance drones to support the needs assessment process. The next section will
describe how this might have taken place.

An Overview of a Potential Response to Cyclone
PAM Incorporating Long Endurance Drones

As discussed above, a core capability of a long endurance drone such as the Latitude
HQ -160B is its capacity to undertake aerial surveillance for over 12 hours. In this
regard, whilst video footage has the clear benefit of real time data capture and
transmission to the NDMO, its use constrains operations to some 100km (60mi)
from the operating base. Nevertheless, if this is a constraint, the capabilities of the
latest generation still cameras are such that, after post-mission processing, they
can provide the equivalent of a video camera output. The processing itself takes a
similar time to that actual data capture — thus, for example, 3 hours of surveillance
requires 3 hours of processing.

Either approach would support the Needs Assessment process by providing the
NDMO with a relatively swift overview of the disaster’s impact. Furthermore, the
data that had been collected could be transmitted in parallel not only to the Vanuatu
NDMO, but also to the equivalent organisations in those countries that assisted in
the response (such as Australia and New Zealand), and to UN agencies and NGOs.
This is a key benefit as it will assist all of the supporting governments and agencies
in moving from a push-based response that reflects best estimates of the disaster’s
impact to one that is more closely driven by an improved understanding of the
disaster’s impact (i.e. pull-based). Such an approach clearly reflects supply chain
best practice (Christopher, 2016).

The flight time for a Latitude HQ -160B drone with a high definition still
camera at a cruising speed of 70kph (45mph) is some 15 hours, i.e. it has a range
of around 1,000km (600mi). As shown in Figure 1 and Table 4 this would enable a
comprehensive overview of the impact of the disaster on the affected areas of Tafea
Province over a period of 4 days. In developing the mission profiles, the population
locations on each island have been taken into account, and conservative estimates of
distances and timings have been used. Notwithstanding the use of such conservative
assumptions, it will be noted that in each case the transit time is 3-8.5 hours, leaving
some 5-8.5 hours to conduct the oversight of the affected areas.
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Table 4. Potential drone transit profiles

Day 1. Port Vila to Erromango to Port Vila
Total Transit Time = 3.5 Hours

Time Need on Task = 3.0 Hours

Unallocated Time = 8.5 Hours

Day 2: Port Vila to Tanna to Port Vila
Total Transit Time = 5.75 Hours

Time on Task = 3.5 Hours

Unallocated Time = 5.75 Hours

Day 3: Port Vila to Anatom to Port Vila
Total Transit Time = 8.5 Hours

Time on Task = 1.0 Hours

Unallocated Time = 5.5 Hours

Day 4: Port Vila to Aniwa to Futuna to Port Vila
Total Transit Time = 7.75 Hours

Time on Task = 1.0 Hours

Unallocated Time = 6.25 Hours

printed on 2/9/2023 3:17 AMvia .

Source: The author
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BROADER CONSIDERATIONS IN RELATION TO
THE USE OF A LONG ENDURANCE DRONE

The use of along endurance drone to capture the post-disaster impact is, as discussed
above, potentially of significant value, however the benefits would be furtherimproved
if these results were able to be compared with a pre-disaster baseline. To an extent
this could, potentially, be achieved in the typical 48 hour warning period between the
clear indications that a cyclone is likely to strike a country or region and its actual
onset. However, the development of a pre-planned surveillance programme that is
focussed on areas of high risk is likely to provide significantly more meaningful data.

In addition to such surveillance missions, drones are also able to provide an ad
hoc mapping service in the event that suitable information is not readily available
— as was the case in the aftermath of Typhoon Haiyan that struck the Philippines in
2013 (American Red Cross, 2015, p. 16), and also as reported in a number of the
recent case studies (UAViators, 2016).

It is also relevant to note that drone operations are not necessarily constrained by
the high wind speeds that occur in the vicinity of a cyclone. For example in November
2007, an Aerosonde long endurance drone flew for 7.5 hours monitoring the core
of the 130kph (80mph) Hurricane Noel (NASA, 2007). Whilst it is recognised that
the wind speeds in the heart of Cyclone Pam were significantly higher and also that
the rotor configuration of the Latitude is likely to be less robust than the regular
propeller arrangement in an Aerosonde, it is probable that the drones could have
safely operated in the lead up to, and aftermath of, the cyclone.

The second core capability that would have been invaluable in the response to
Cyclone Pam is that of carrying and dropping a small payload (up to some 5.5kg)
such as a satellite phone and associated solar powered battery systems. This would
have provided a direct communications link to the NDMO thereby providing a
much improved understanding of the actual post-disaster needs of the population.

Thirdly, as explained above, one of the challenges in responding to Cyclone Pam
was the loss of communications to the islands that had been badly impacted. One
way of overcoming this would be for the drone to fly in a geo-stationary mode and
thereby act as a temporary telecommunications relay tower. In doing so, there is a
clear potential that such a system would be overwhelmed by the volume of calls,
however this could be overcome by limiting access to pre-determined phone numbers
such as those belonging to local disaster management staff or village officials. In
addition, the drone can incorporate a ‘find my phone’ capability which can locate
cell phones on the ground. This can then be used to initiate a call to the cell phone
Jfrom the NDMO thereby enhancing the all-important exchange of information
between those affected and the responders
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Finally, the ability of a drone to follow a designated route that aligns with
prospective logistic routes would help the NDMO ensure the viability of a proposed
re-supply route by checking that it is not blocked by fallen trees, landslips or broken
bridges etc. Clearly this capability cannot provide absolute surety that a route is
usable — for example a bridge or culvert may appear sound, but actually be unable to
take the weight of a truck. Nevertheless it would highlight routes that are inoperable
and thus avoid wasting time and effort in reaching those in need.

Importantly, however, the above mentioned benefits of the use of drones focus
on the technology side of the challenge. To this must be added a ‘whole-system’
perspective and the other two components of the people/processes/technology
triangle will be discussed in the next sections.

Overview of the Process Challenges

As discussed in UNOCHA (2014), there remains a gap in the ability of responding
agencies to integrate the results of aerial observations and the associated data collection
into needs and damage assessments, search and rescue, and other humanitarian
functions. Overcoming this challenge is the subject of broad consideration within
the sector including, for example, a recent contribution by Tatham and Spens (2016).
This suggests that one resolution of the coordination challenge facing the NDMO
and responding agencies might be to use a mechanism that parallels that employed
by the Urban Search and Rescue (USAR) community. The International Search
and Rescue Guidelines (INSARAG, 2015) provide an overarching model for the
integration of the work of multiple teams from multiple countries using common
processes and approaches. Importantly, this model is also being adopted by the
World Health Organisation (WHO) under their Guidelines for Foreign Medical
Teams (FMTs) (WHO, 2013).

Inaseparate, butrelated, contribution to assist in the resolution of the inter-agency
logistic coordination challenge, Tatham et al. (2016a) recommend the adoption of a
‘Common Humanitarian Logistic Picture’ (CHLP) to which all agencies contribute
and which can form the basis of integrated decision-making. Self-evidently, linking
the drone output to the CHLP would be of considerable value in helping to ensure
that response activities are appropriately prioritised and needs-based.

However, the current reality is that, although the data that are produced by
drones are typically geo-tagged or referenced in some manner, there are no metadata
standards. Thus the development of a robust metadata framework and its associated
standards is clearly an area that requires further action in order to ensure that the
technical capabilities of the drones are maximised. There is also a clear risk that the
data may overwhelm existing NDMO systems, and the implications of this must be
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considered as part of any project to incorporate drones into the disaster response
mechanisms.

The final, and key, process-related challenge is that of ensuring that the necessary
permissions are in place that will allow the operation of drones in the affected
country with a minimum of delay. Given that international and national air traffic
management and safety authorities are struggling to achieve the appropriate balance
between drone operations and the associated safety/privacy issues, this is clearly a
critical area. In some cases this challenge has been mitigated by informal processes
such as the decision by the Mayor of Tacloban to authorise local drone flights in
the aftermath of the 2014 Typhoon Haiyan (UNOCHA, 2014, p.5). However, this
is a poor substitute for the development of an agreed protocol that can be practised
in advance of a disaster event and which will support, rather than impede, drone
operations.

Overview of the People-Related Challenges

On the assumption that the drones are operated by a reputable commercial company,
itcanreasonably be assumed that the staff will have the necessary skills and expertise
to conduct flying operations in a safe, effective and ethical manner, and in line with
the air traffic control/safety requirements of the relevant country. There are, however,
a number of people-related challenges that still need to be overcome.

The first such requirement would be for an education programme that covers a
range of subjects including the risks and safety implications of drone operations, the
potential benefits, and ways in which local communities can engage and support such
operations. As an example, if it is planned that the drone will drop a satellite phone
for use by those affected in a disaster, the appropriate protocols must be developed
and practised in advance. These might include the operation of the phone as well
as model through which meaningful information can be passed to the NDMO - for
example by the use of a standardised question and answer system. Given that the
availability of local disaster management staff may have been compromised by
the cyclone, this knowledge may need to be included as part of the satellite phone
delivery package — perhaps in pictorial form in the event that the operator is unable
to read or uses a different language.

Secondly, given that the capability and modus operandi of NDMOs differ, it
will be essential that the processes for capturing and integrating the drone data into
the disaster management systems are prepared and exercised in advance of any
actual event. In particular, the interpretation of the data provided by the drone is a
sophisticated skill set and this implies that an individual versed in the operation of
a particular NDMO may need to be engaged in order to ensure that the drone data
is correctly interpreted and integrated with that from other sources.
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COST CONSIDERATIONS

Unfortunately, as noted by Mailey (2013), comparable costs between different
aircraft are not easy to calculate given there is no standardised or accepted approach
to the calculation of costs/flight hour. Furthermore, to the extent that open-source
literature does exist (e.g. Economist, 2009, 2011; Boyle, 2012), the focus is usually
comparisons between high end military systems versus manned military aircraft.
Thus, rather than attempt a potentially flawed direct comparison between alternative
modes of delivering the core capabilities outlined above, the following observations
in relation to the potential use of a long endurance drone are offered:

e  Whilst the capital cost of the Latitude drone is not publically available, that
of the Aerosonde Mk4.7 (which has a broadly similar capability (see Tatham
et al., 2017a)) was reported in 2014 to be some US$100k (Corcoran, 2014),
to which must be added the cost of the camera which will depend on its type
(eg video v still), with the latter being around US$40k-50k. Thus, the overall
capital cost of a long endurance drone with a high definition still camera is
estimated to be some US$150k.

e  The crew size of a Latitude consists of one pilot, one camera operator and a
maintainer, and this is broadly similar to that of a small fixed or rotary wing
aircraft.

e  The fuel consumption of a long endurance drone is extremely low. For
example, in August 1998 an Aerosonde Mk 1 flew across the Atlantic, a
distance of 3,270km (2,030mi), at an altitude of 1,680m (5,500ft) in just
under 27 hours consuming some 7li (1.5gal) of fuel (Barnard, 1999). In
respect of the Latitude drone with a high definition still camera, a broad order
consumption figure is understood to be some 0.81i/100 km at cruising speed.
Thus, an indicative 15 hr mission time would use some 9li of unleaded fuel
(i.e. costing around US$1-2/hour). By comparison, Robinson (2016) indicates
that the two-seat Raven light helicopter uses some US$75/hour in fuel. As a
result, a 15 hour flight would cost around US$1,125 compared with US$15-
30 for a similar drone flight. Self-evidently, such a helicopter would not be
able to conduct a 15 hour mission without re-fuelling, and so the actual time
over the affected areas would be at least half, and more probably 25 per cent
of that available from a drone.
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CONCLUSION AND AREAS OF FURTHER RESEARCH

The above analysis of the benefits and costs of the use of an long endurance drone
such as the Latitude demonstrates its potential to support logistic operations through
the use of the five core capabilities (video/photography to support Needs Assessment;
provision of temporary communications; ‘find your phone’; the ability to drop a
satellite phone; and logistic route surveillance). It is far less costly to operate than
helicopters, can fly in very poor weather conditions, and can free up other assets
(such as helicopters) for more appropriate activities. However, operationalising the
use of such a drone will, inevitably, require considerable investment. The following
represents a proposed way forward that is designed to integrate the people, process
and technology requirements.

Phase 1

As summarised above, the relatively novel nature of drones in a non-military context
and, in particular, the need to integrate their operations into existing disaster response
systems, presents a significant challenge. To resolve this, it is believed that the most
appropriate way forward is to select a country (or countries) to act as ‘pathfinder(s)’
in order to develop the proof of concept. The selection of the country is likely to
reflect a combination of:

Its likelihood of being impacted by a future disaster

The potential impact of such a disaster

The extent to which the country is likely to be supportive of the use of drones
Its capability to make use of the resultant information in a meaningful way
The extent to which its geography and topology are conducive to the use of
drones.

Phase 2

Relevant experts from the selected country together with those skilled in the various
domains (operation of the drones; data handling; air traffic control etc.) should
collaborate to establish appropriate air traffic control protocols, capture base-line
data to support subsequent impact analysis, and develop the systems needed to
integrate the data captured by the drones into the NDMO as a basis for efficient
and effective decision-making.

Once these processes and protocols have been developed, it will then be necessary
to carry out appropriate training and education at all levels (community->local
government->NDMO and supporting country decision-makers) in order to prepare for
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future drone operations. This should include the actual conduct of drone operations in
order to evaluate and improve the above processes. In this was it should be possible
to ensure that, in the event of a disaster, the end-to-end drone-supported operations
will be conducted in a safe, ethical, effective and efficient way.

In summary, it is perceived that the use of a long endurance drone has significant
potential to support the logistic response to a disaster. However, a number of
important hurdles remain before the concept can be operationalised, key amongst
these are the development of an air traffic control regime that supports (rather than
constrains) the use of drones, and the mechanisms (both process and people-related)
that translate the data captured by the drones into usable information to underpin
timely and effective decision making.
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ABSTRACT

This chapter examines the role of unmanned aerial vehicles (UAVs) in the delivery
of medical and emergency supplies to remote areas. It outlines a number of potential
considerations for operators wishing to use UAVs to deliver medical and emergency
supplies to remote areas. These considerations address a number of practicalities in
terms of the organisation that is wishing to conduct such operations, the operations
themselves, and the technology that is used for such operations. These considerations
primarily stem from the nature of the international regulatory framework for
unmanned aircraft operations and the peculiarities of using a UAV to deliver medical
and emergency supplies. The chapter will outline some of the practicalities that
have been worked through or are being worked through during a project to deliver
medical and emergency supplies in Northland, New Zealand. This will provide
readers with examples of some of the real-world considerations that operators face
as well as outline the positive community impact that such operations can provide.
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INTRODUCTION

Thiels, Aho, Zietlow, and Jenkins (2015) argue that the speed and ability to travel
over closed roads and terrain make UAVs ideal candidates for transporting medical
supplies, especially given that this can likely be done at a lower cost than conventional
medical transport. According to the Swiss Foundation for Mine Action (2016),
60% of humanitarian workers favour the use of UAVs in humanitarian work, with
36% of humanitarian workers considering the use of UAVs for delivery to be of
the most interest. Indeed, there have been many trials of the use of UAVs to deliver
medical and emergency supplies to remote areas, such as collecting the sputum
samples of patients with suspected tuberculosis from remote parts of Papua New
Guinea (Médecins Sans Frontieres, 2014) and reducing waiting times for human
immunodeficiency virus (HIV) testing in infants in Malawi (UNICEF, 2016).
Unfortunately, the academic literature on the use of UAVs to deliver medical and
emergency supplies is somewhat limited, especially in terms of the practicalities
that must be worked through for such an operation to take place. Accordingly, this
chapter provides a foundation for practitioners and researchers by working through
some of these practicalities.

Due to the lack of international standardisation and the current global regulatory
environment for UAV operations, a number of practicalities result from compliance
issues with the use of UAVs to deliver medical and emergency supplies (Swiss
Foundation for Mine Action, 2016; Thiels et al., 2015). Article 8 of the Convention
onInternational Civil Aviation states that any aircraft capable of being flown without
a pilot shall not be flown over a State without a pilot unless special authorisation
has been given by that State (CASA, 2017). The complicating factor to this is
that the International Civil Aviation Organisation (ICAO) is still in the process of
creating a global regulatory framework for unmanned aircraft operations. Currently,
there are two major groups within ICAO working towards this end. First, there is
the Unmanned Aircraft Systems Advisory Group (UAS-AG), who support the
Secretariat in the development of guidance material and are currently working on
a common global framework for and core boundaries of unmanned aircraft system
traffic management, known as UTM (ICAO, 2018b). Second, there is the Remotely
Piloted Aircraft Systems Panel (RPASP) who are developing ICAO Standards and
Recommended Practices (SARPs), procedures and guidance material for unmanned
aircraft so that they can be integrated within the broader aviation system (ICAO,
2018a). While this work is ongoing, ICAO signatory states are without sufficient
international standards to use for creating local regulatory requirements. In terms
of using UAVs to deliver emergency and medical supplies, this creates the issue
of a lack of standardisation across states and the issue of individual states having
regulatory authorities who may be reluctant to approve or certificate such operations
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because they don’t fit well within the current regulatory framework (i.e., aframework
oriented towards manned aircraft operations). This chapter outlines a number of
common considerations that arise due to compliance issues based upon current and
proposed regulations in several countries (see Appendix for a list of countries and
regulatory authorities).

In addition to compliance issues, practicalities arise due to the operational/
technological requirements that are intrinsic to using UAVs to deliver medical and
emergency supplies. To date, UAVs have been used to deliver medicine, diagnostics/
production samples, defibrillators, blood, food and water, first aid kits, organs and
vaccines (Krey, 2018; Scott & Scott, 2017). Claesson et al. (2016) describe some
of the difficulties that arose when testing the use of UAVs to deliver automated
external defibrillators (AEDs) to patients experiencing out-of-hospital cardiac
arrests in rural areas. For example, they found that parachute-release methods for
delivery caused uncertainty about where the AED would land due to wind-drift,
and thus they found that a latch-release method was safer and more effective (this
involved the UAV flying at about 3-4m and a bystander catching the AED). Scott
and Scott (2017) note that one of the issues with using battery-powered UAVs is that
the range is quite limited and so they suggest a model using a land-based delivery
vehicle to get nearby the drop off point, and then a UAV to do the final delivery
to the area in need. They suggest that this will provide a better balance between
the range and delivery time. Such operational/technological considerations, while
related to compliance, are important in their own right because the UAV needs to
fulfil its intended purpose.

This chapter describes a number of considerations that must be worked through
by operators in terms of their organisation, their operations and the technology they
use. Each consideration can be further broken down into how it relates to compliance,
operations, training and/or technology. While these considerations may vary from
country to country, they provide a general idea of the practicalities that must be
worked through for an organisation to deliver medical and emergency supplies using a
UAV. While targeted towards using UAVs for the delivery of medical and emergency
supplies, this chapter provides a number of generic considerations that may be of
interest to other UAV operators. In addition to providing some considerations for
operators, this chapter outlines the real-world experiences of an ongoing trial to
deliver medical and emergency supplies to remote areas in Northland, New Zealand.
This trial is part of the Incredible Skies initiative and is called Medical Drones
Aotearoa (Aotearoa is the Maori name for New Zealand). It aims to change the face
of rural access to medicines, healthcare and emergency supplies using UAVs. The
expected positive impacts upon the recipient community will also be discussed so
that readers can understand the value that such operations may be able to provide
as UAVs continue to be applied to the delivery of medical and emergency supplies.
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CONSIDERATIONS FOR OPERATORS

The considerations for operators have been splitinto three core areas: (1) organisational,
(2) operational and (3) technological. Each core area will be described in more
detail in the following sections, however, the rationale for the order that they have
been presented in is important. Because the use of UAVs to deliver medical and
emergency supplies typically requires certification or other approvals from local
regulators, individuals cannot perform such operations recreationally. This means
that an organisation needs to exist. The organisation will then need to consider what
it aims to achieve with the use of UAVs, and therefore what its operations need to
look like. These operational requirements will then need to be related back to local
regulatory requirements and may involve different solutions in terms of organisational
processes, operations, and technology. Accordingly, the technological considerations
should come after as these only exist in order to meet the organisation’s aims and
operational requirements.

The considerations in this chapter arise from a selection of sources (e.g., regulatory
authorities, academic literature, UAV manufacturers) as well as the practical
experience of the authors with regard to UAV operations. Therefore, it is important to
caveat that this chapter is not conclusive in its considerations and recommendations,
but should rather be treated as a guide of potential considerations. While every effort
has been made to ensure that the considerations will be relevant to all readers, it is
important that readers consider issues specific to their proposed operation, such as
local regulatory requirements and recent technological developments.

Organisational Considerations

Organisational considerations are those that relate to the structure and management
of the organisation that intends to carry out the delivery of medical and emergency
suppliesusing UAVs. This section details considerations in terms what the organisation
might be required to do to achieve certification and consequently which individuals
will be required to make the organisation up.

The Role of UAVs in the Organisation

Organisations that want to use UAVs to deliver medical or emergency supplies need
to have some rationalisation as to why UAVs should be applied to the situation.
Generally, this rationale will originate from the objectives of the organisation (i.e.,
what the organisation is trying to achieve) and how UAVs can help an organisation
achieve these objectives. For example, Zipline, a San Francisco Bay Area-based
robotics start-up, had (and still has) the mission of “allowing on-demand delivery of
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medicines and other products at low cost without using a drop of gasoline” (Zipline,
2018, p. 3). In late 2016, Zipline (with financial backing from Google) set up
distribution centres in Rwanda. Zipline’s distribution centre staff prepare and pack
up to 1.8 kg of medical supplies into a UAV and the mission is launched. Once the
UAV is piloted to its destination, the package is dropped by parachute to within a
few meters of an agreed drop-off point. The whole process from ordering to delivery
is completed in 30 minutes (Dwyer, 2018). After a year and a half of successful
operation its UAVs have made more than 1,400 flights carrying on-demand blood
and emergency supplies over 100,000 kilometres. In 2017, Zipline expanded its
medical delivery operations into a larger neighbouring country, Tanzania. (Landhuis,
2018). Here, Zipline saw that developing and operating UAVs was the best way of
achieving their mission.

Similarly, in October 2017, Swiss Post launched a medical transport network in
Lugano, Switzerland. The UAVs have made 350 successful deliveries, about 5 to
15 per day. Beyond, blood and medical supply deliveries, UAVs could transform
another vital component of healthcare: lab tests. Timely test results assist doctors to
correctly diagnose infections and eliminate guesswork in prescribing medications.
Some of those decisions have life-or-death implications. For example, new-born
babies produce bilirubin, a by-product formed during normal breakdown of red
blood cells but high bilirubin levels can be toxic to babies so it needs to be tested
for repeatedly. In most cities, millions of blood samples, urine specimens and swabs
are transported to central lab facilities by motor vehicle. In remote communities, like
Northland in New Zealand, these can involve a complex coordination of multiple
forms of transportation such as car, plane and ferry. UAV technology offers a safer,
faster, and more secure delivery mechanism. Already companies are transporting
blood plasma (Palo Alto, California), defribrillators (Reno, Nevada), and vaccines
(Vanuatu, South Pacific) (Landhuis, 2018). Organisations such as Médecins Sans
Frontieres and UNICEF (i.e., not for profits) are also involving themselves in the
use of UAVs to deliver medical and emergency supplies (Médecins Sans Frontieres,
2014; UNICEEF, 2016).

In all successful instances, the operators had considered the role of UAV's within
the supply chain and decided UAVs could contribute towards the organisation’s
objectives. Considering an organisation’s logistics supply chain in relation to the
delivery of medical and emergency supplies, UAVs are often ideal candidates due to
their low costs and relatively high speeds compared to other forms of medical transport
(Thiels et al., 2015). While objectives will vary markedly between organisations, a
successful UAV operation will be one helps an organisation to achieve its objectives
regardless of what they might be.
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Certification Process

The certification process concerns how an aviation organisation becomes certificated.
A certificated aviation organisation has been given an operator’s certificate to
conduct operations as specified in their exposition. An exposition is a document that
outlines how an organisation is managed and how its operations are conducted. This
document is used by regulatory authorities to determine whether an organisation
should be certificated and is used following certification to audit the organisation
for compliance. Accordingly, one of the primary organisational considerations is
writing an exposition that complies with local regulatory requirements whilst also
reflecting what is required for the day-to-day operations of the organisation. CAANZ
(2015b) provide a sample exposition to help operators prepare for certification.
This process is what is used in the wider aviation industry, with airlines, airports
and other commercial aviation entities required to obtain certification prior to
commencing operations.

Senior Persons

Certificated organisations need to identify persons who will hold several senior roles
within the organisation. Depending on the size and complexity of the organisation,
each of these key roles may be held by the same person, or each may be allocated
to different persons. Each senior person needs to be approved into their role by the
local regulator. While the terms used vary from country to country, senior persons
need to show that they have the requisite knowledge and experience to be competent
at their role and demonstrate a history of compliance with transport laws and other
legislation to show fitness of character (e.g., CAA, 2014; CAANZ, 2015a; CASA,
2016). Table 1 shows some of the key senior roles that an organisation may need
to allocate for compliance purposes. Even if the local regulator does not require
the naming of senior persons for unmanned aircraft operators, each of these roles
will still need to be performed by someone in the organisation to ensure a safe and
efficient operation.

Training and Authorisation of Personnel

Asacertificated organisation, the operator will need to have policies on what training
is required for different roles and how personnel are authorised to act under the
organisation’s operator’s certificate. With regard to UAV operations, training and
authorisation processes are usually required so that personnel can act as pilot in
command (PIC) and/or a visual observer (VO). Organisations are expected to keep
a record of the training completed by personnel and list all personnel authorised to
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Table 1. Senior persons and their responsibilities within the organisation

Senior person Responsibilities

Ensures that the operations comply with all regulatory
requirements and that the organisation is suitable to carry
Chief Executive out the operations safely. This means providing corporate
and financial governance for the organisation and exercising
control and/or supervision of the organisation’s personnel.

Represents the organisation to the regulatory authority on all

Head of Flying Operations matters relating to flying operations.

Provides oversight of pilots and support crew during
Chief Pilot operations to ensure safe conduct of flight and safe operation
of the equipment.

Responsible for the organisation’s training standards,
Training Manager monitoring what training personnel have completed, when it
needs to be recompleted and which authorisations they hold.

Ensures that all aircraft operated by the organisation are
airworthy and maintained in accordance with the operator’s
maintenance manual (OMM), also known as the maintenance
control manual (MCM).

Maintenance Manager(s)

Manages the safety management system (SMS), facilitating
Safety Manager risk management processes, monitoring safety performance
and maintaining safety documentation.

Ensures that the organisation’s policies and procedures are
Quality Assurance Manager compliant with the civil aviation rules (CARs) by conducting

audits and reporting back to senior decision makers.

Sources: (CAANZ, 2015b, 2016a; CASA, 2014, 2018; ECAA, 2013; ENAC, 2016; Transport Canada, 2015)

act in the role of PIC or VO in a training and authorisations register. Table 2 shows
some of the core training considerations for operators with regard to PICs and VOs.

Safety Management

As a certificated aviation organisation, the operator will also need to consider
establishing a safety management system (SMS). ICAO (2013, p. xii) defines an SMS
as “‘asystematic approach to managing safety, including the necessary organisational
structures, accountability, policies and procedures”. The necessary level of complexity
for the SMS will depend upon the size and scope of the organisation’s operations.
At the very least, unmanned aircraft operators should have a hazard register, a
safety reporting system, a safety policy that commits the organisation towards the
core tenets of safety management and policies and procedures that mitigate risks
associated with operations (CAANZ, 2015c; FAA, 2016a).
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Table 2. Training considerations for personnel to become authorised as a PIC or VO

Role Consideration type Common examples of requirements

Be at least 16 years of age; and

Fluency in English; and

Be in safe physical and mental condition (often
evidenced by a class 2 medical certificate).

General

A pilot’s licence; or

A remotely piloted aircraft license (or equivalent); or
Passing the private pilot licence (PPL) air law exam,
flight radio telephone operator (FRTO) exam, holding
an FRTO rating and five hours experience focussed on
General aviation knowledge airspace and flight radio use; or

A certificate of achievement from a certificated
aviation training organisation indicating a pass

in aviation law theory, competency in operating
unmanned aircraft and competency in the use of
aviation radios.

PIC

A wings badge from an approved organisation relevant
to the type of unmanned aircraft; or

A certificate of training from the manufacturer of the
UAV-specific knowledge unmanned aircraft to be operated; or

A certificate of training from a certificated aviation
training organisation authorised to conduct unmanned
aircraft training.

Be at least 16 years of age; and

Fluency in English; and

No visual or aural impairment that cannot be easily
corrected (e.g. prescription glasses).

General

Vo Induction into the organisation’s exposition and other

key documents; and

Internal training Training in visual scanning techniques; and

Training in standard phraseologies for communicating
with the PIC and other VOs.

Sources: (CAANZ, 2015¢c; ENAC, 2016; FAA, 2016a; Transport Canada, 2016)

Operational Considerations

Operational considerations relate to the nature of the organisation’s day-to-day
operations and how these can be conducted in a safe and efficient manner. A number
of operational considerations stem from regulatory restrictions, while others stem
from the peculiarities of using UAVs to deliver medical and emergency supplies
to remote areas.
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Visual Line of Sight

One of the common requirements for unmanned aircraft operators is to maintain
visual line of sight (VLOS) with their UAV at all times (e.g., CAANZ, 2015c¢; FAA,
2016a). This means that the PIC can see the aircraft at all times without the use of
visual aids (e.g., binoculars). Even if the PIC is operating with a first-person viewer
(FPV), a visual observer (VO) must have unaided VLOS. This raises some obvious
issues for an operator who wants to use UAVs to deliver emergency and medical
supplies to remote areas as it is unlikely that the PIC will be able to maintain VLOS.
Operators can vary the VLOS requirement by carefully creating operational and
training procedures and using technology to ensure that such operations can be carried
out safely. In practice, there are two possible variations to the VLOS requirement.
Firstly, an operator can create procedures for extended visual line of sight (EVLOS)
operations. EVLOS operations involve a PIC and one or more trained VOs. The
airspace is segmented and different segments are assigned to different VOs. The
PIC and the VOs maintain contact via radio (civilian frequency) and at any given
point in time either the PIC or one of the VOs has the aircraft within their unaided
VLOS. Accordingly, EVLOS is a relatively easy variation for an operator to use as
the only complications are some additional SOPs, and the creation of training and
authorisation processes for visual observers. However, this still adds unnecessary
operational constraints for delivering emergency and medical supplies. As the
supplies are often time-sensitive, the idea of needing trained observers across the
flight path creates a logistical nightmare, especially if the intended flight path is
over a body of water or untraversable terrain, which are common in remote areas.
This leaves such operators with the second possible variation, beyond visual line
of sight (BVLOS) operations. BVLOS operations are substantially more difficult
to get approval for. For example, CAANZ (2015c) say that some of the necessary
features of any safety case for BVLOS operations should include identification of
the airspace class to be used and how its requirements will be met, ability to provide
and maintain separation from other traffic and measures to mitigate risk to persons,
property and terrain. In practice this either means restricting the BVLOS operations
to a restricted area (i.e., special use airspace specifically for the BVLOS operation),
and/or to employ technological solutions such as ballistic parachutes, automatic
recovery systems and collision avoidance systems. When the delivery of medical/
emergency supplies is to the same remote area, the special-use airspace option is not
unworkable (as it is unlikely to disrupt the conventional aviation system). However,
if multiple areas are being serviced, or if the area is of importance to conventional
airspace users then technological solutions are necessary.
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Flight Over People and Property

One of the major risks associated with unmanned aircraft operations is injury to
people and/or damage to property. State regulations differ in how this risk is managed.
However, most simply require that the operator has obtained permission from all
affected persons and property owners unless a minimum operating distance (e.g.,
100 feet) is maintained (e.g., CAANZ, 2015¢; Transport Canada, 2016). Operators
are also often restricted from operations over built-up areas, critical infrastructure
or crowds (e.g., JCAB, 2015). While the latter point is unlikely to be of concern for
delivering medical and emergency supplies to remote areas, the time-sensitive nature
of the operations means that obtaining consent from all people and property owners
to be overflown is impracticable. It is possible for operators to achieve variations to
the requirement to obtain permission from persons and property owners by instead
providing a means of notification about the operation. In terms of persons, this could
involve erecting signage (especially if a road will be overflown), using employees
to usher people away from the take-off/landing areas and public notification (e.g.,
newspaper article, Facebook posts, etc.). The idea is that people can then choose
whether to enter the operating area, and by doing so they would be giving consent to
being overflown. The variation for properties to be overflown is for notification to
be given either pre-event (before the operation takes place) or post-event (after the
operation takes place). Such notifications should include the name of the organisation,
the nature of the operation (e.g., delivering medical supplies), the time and duration
of the operation, and a means of contacting the PIC or organisation. ENAC (2016)
suggest that the safety level to manage the risks associated with such operations is
affected by the pilot (training and experience), the operational and flight management
procedures, environmental conditions, the maintenance programme for the aircraft
and any other elements that are significant for the safety of RPAS operations. Many
of these considerations are discussed elsewhere in this chapter, so it is important
for operators to have a holistic approach to the development of their exposition.

Airspace

One of the biggest safety considerations with any aircraft operation is using airspace
in a safe and efficient manner. UAV operations are no different and UAV operators
are expected to adhere to the same standards as manned aircraft operations. Because
airspace is three-dimensional, one needs to consider not only the geographical areas
of operation, but also the altitude of operations and whether they are to be conducted
in uncontrolled airspace, controlled airspace, special use airspace and/or other types
of airspace. Accordingly, an important part of planning any UAV operation to deliver
medical or emergency supplies is for PICs to familiarise themselves with the local
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airspace requirements. To do this, there are several sources of information that a PIC
should look at. It is also critical that these sources of information are current (as per
their effective date) as airspace boundaries, classifications and requirements may be
permanent or temporary. All countries use the aeronautical information regulation
and control (AIRAC) effective dates, published by ICAO (n.d.). Table 3 provides a
brief summary of some of the sources of airspace information that UAV operators
should review and what information they will find in each one.

Because current airspace classifications and requirements are based upon manned
aircraft operations, it is important that UAV operators consider how they can safely
conduct operations to meet the same level of safety as a manned aircraft operating
in the same airspace. Table 4 identifies some considerations in terms of areas of
operation.

In additional to the considerations in Table 4, certificated unmanned aircraft
operators often can receive approval from their local regulatory authorities to fly
in special use airspace (SUA). SUA can be defined as airspace “in which certain
activities mustbe confined, or where limitations may be imposed on aircraft operations
that are not part of those activities” (FAA, 2016b, p. 15-3). There are several types
of SUA, each with their own requirements. Essentially UAV operators who want to
operate in SUA need to be able to adhere to the same requirements that would be

Table 3. Sources of airspace information and the information that they provide

Source Information provided

Aeronautical information of a lasting character

Aeronautical information publication (AIP) . . .
essential to air navigation.

Information concerning the establishment, condition
or change in any aeronautical facility, service,
Notice to airmen (NOTAM) procedure or hazard, the timely knowledge of which
is essential to personnel concerned with flight
operations.

Temporary changes to the information published in

AIP supplements the AIP.

Information relating to flight safety, air navigation,
technical, administrative or legislative matters

that do not qualify for publication in the AIP or in
NOTAMs.

Aeronautical information circulars (AIC)

Information about the lateral and vertical limits and
Designated airspace handbook (DAH) other pertinent details about different airspace types.
This information can be overridden by a NOTAM.

Visual depiction of aeronautical information such as
Aeronautical charts areas of designated airspace, locations of aerodromes
and other information.

Sources: (Airservices Australia, 2018; CAANZ, 2018; FAA, 2018)
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Table 4. Considerations based upon areas of operation

Area of operation Considerations

Discuss the proposed operation with the aerodrome operator to
identify and manage potential hazards

Monitor radio frequencies

Give way to manned aircraft

Within 4km of an aerodrome For controlled aerodromes, obtain ATC clearance

Be aware of aerodrome information (e.g. AIPs, NOTAMs, etc.)
Use of a trained VO, and only VLOS or EVLOS operations
Avoid operating over active movement areas and active runway
strips

Operate within uncontrolled airspace (Classes F or G), otherwise see
considerations for within controlled airspace

Monitor radio frequencies

Obtain ATC clearance

Give way to manned aircraft

Be aware of aerodrome information (e.g. AIPs, NOTAMs, etc.)

Above 400ft

Obtain ATC clearance

Monitor radio frequencies

Give way to manned aircraft

Within controlled airspace If possible, use of a trained VO, and only VLOS or EVLOS
operations, otherwise:

An autonomous UAV that is fully equipped with collision avoidance
and can meet the requirements to fly in that class of airspace

Sources: (CAA, 2015; CAANZ, 2015c; CASA, 2017; EASA, 2018; ENAC, 2016)

placed upon manned aircraft operating in the same airspace. Operators can usually
find local SUA locations and requirements by navigating to the website of their local
regulatory authority. Table 5 outlines considerations for UAV operators to comply
with the requirements of SUA.

Inaddition to areas of operation and SUA, many countries also have other airspace
areas, sometimes called non-designated airspace. Table 6 outlines some of the other
types of airspace that a UAV operator may encounter.

Aircraft Maintenance

Virtually every country has requirements for the airworthiness of unmanned aircraft.
An airworthy aircraft can be defined as an aircraft that conforms in all respects
with its approved or properly modified type design, is maintained in accordance
with the appropriate rules and is fit for flight (CAANZ, n.d.). For manned aircraft,
there are clearly stipulated maintenance requirements from the manufacturer of the
aircraft (for example, the aircraft maintenance manual) as well as requirements from
regulatory authorities. However, many UAV manufacturers do not offer sufficient
maintenance guidance for the creation of the OMM.
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Table 5. Considerations for operating in special use airspace

Special use airspace Considerations

Prohibited areas No entry

Authorisation obtained from the administering/controlling authority

Restricted areas
(usually a government agency)

Authorisation obtained from the administering/controlling authority

Military operating areas (MOA) (the corresponding military agency)

Consider whether the hazards pose a risk to the operation and
Danger/Warning areas whether the operation will pose a risk to other operators within the
area

Operations only to take place in visual meteorological conditions, so

Volcanic hazard zones (VHZ) ..
that the operators can observe any volcanic ejecta or ash plumes

Avoid these if possible, otherwise:

Obtain a briefing from the using agency (usually flight clubs or
training organisations)

Monitor radio frequencies

Give way to manned aircraft

Use of a trained VO, and only VLOS or EVLOS operations

Low fly zones (LFZ)

Avoid operations above 400 feet if possible, otherwise:

The PIC must hold an FRTO rating and therefore a pilot’s licence
The PIC must make regular radio calls as per the local requirements
for MBZs

Mandatory broadcast zones (MBZ)

Exercise caution in alert areas due to a high volume of pilot training
or an unusual operation

Consider how collision avoidance can be guaranteed as part of the
operation

Alert areas

There should be no need to change flight path as CFAs must be
Controlled firing areas (CFA) suspended when a nonparticipating aircraft might be approaching
the area

Sources: (CAANZ, 2016b; FAA, 2016b)

Table 6. Considerations for operating in other airspace areas

Other airspace area Considerations

Common frequency zones Monitor the common frequency

Avoid these if possible, otherwise:

Consider the risks that the operation may pose to parachutists, and
Parachute landing areas what risks parachutists may pose to the operation

Always operate upwind of parachutists

Give way to parachutists

Temporary flight restrictions (TFR) | Check NOTAMs as part of flight planning, avoid all TFRs

Check NOTAMs as part of flight planning, if operations are
National security areas (NSA) prohibited then avoid operation
Consider voluntarily avoiding NSAs unless absolutely necessary

Source: (CAANZ, 2016b; FAA, 2016b)
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One of the basic elements that operators may need to consider are documenting
pre- and post-flight checks. Usually the user guide for a UAV contains the procedure
for pre- and post-flight checks. While pilots can do simple checks like this, operators
should also consider scheduled and unscheduled maintenance events that may need
to be outsourced to external maintenance providers (often UAV manufacturers have
recommended service centres). Scheduled maintenance events are checks, inspections,
overhauls or other maintenance activities that must occur after a certain amount of
flight hours, flights, calendar time or other measure (Kinnison & Siddiqui, 2013).
Unscheduled maintenance events are maintenance activities that are triggered by
unforeseen events such as propeller strikes, fires or hard landings (Kinnison &
Siddiqui, 2013). Depending on the model of UAV, some components might also
be life-limited, meaning that they must be replaced after a certain amount of flight
hours, flights, calendar time, engine cycles or other measure (De Florio, 2011).
Common examples of life-limited components for UAVs are propellers and batteries.
A number of variations to the rules that are available to certificated organisations
are contingent upon such organisations having maintenance programmes that ensure
the airworthiness of their aircraft to a similar standard as manned aircraft.

Handling Cargo and Dropping Items

Handling of cargo and the dropping of items from UAV's both require the organisation
to be certificated and cannot be done recreationally (SACAA,n.d.). CAANZ (2015b)
suggest that the three core considerations for operators wishing to carry cargo and
drop items from UAVs are how they will go about establishing a risk assessment,
how they can provide assurance that there will be no premature release and how
they can ensure that the actual drop will not endanger any person or property. Such
procedures will vary according to the type of the UAV (e.g., fixed-wing and rotary-wing
UAVs will deliver the package differently) and what is being carried (i.e., its weight,
fragility, size, etc.). As medical and emergency supplies can vary significantly, it is
up to the individual operators to exercise due diligence in considering the potential
risk that handling cargo and dropping items may pose.

Operating Conditions

UAVs, like any aircraft, have limits on the types of conditions that they can operate
in. It is critical that any operator of UAVs consults their aircraft’s guidance material
from the manufacturer as they will need to comply with the operating limits for the
aircraft. These vary markedly between UAV types and sizes. One of the considerations
for operators wishing to deliver medical and emergency supplies using UAVs
would be to try and get a UAV that is versatile enough that it can operate in most
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conditions, unless there is a suitable back-up option using an alternate means of
transport. Operators should also note that operating conditions are dynamic and
subject to change. Table 7 provides some common operating conditions that UAV
operators may need to consider.

Operating Hazards

In addition to operating conditions that might change during the operation, there
may be hazards within the operating area that need to be considered. Table 8§ outlines
some common examples of hazards within the operating area and considerations
for how they might be managed.

Professional Conduct

In addition to training and operational requirements for personnel, there is a certain
level of professionalism that is expected of UAV operators. One of the issues taken
very seriously in the aviation industry is alcohol consumption. Personnel involved
in UAV operations should not be under the influence of alcohol. Alcohol impairs
performance, and even if there is a blood alcohol level of zero, pilots may be

Table 7. Considerations for various operating conditions

Condition Considerations

Check the wind speed operating limit of the UAV and monitor current and

Wind speed S . ..
P forecasted conditions in the area of operation to ensure that this is not exceeded.

Check whether the UAV can be operated in rain and snow, and if it cannot, then
Rain or snow avoid operating in such conditions or when such conditions are forecast to be
present in the immediate future.

Consider whether VLOS can be maintained in current conditions and in the

Fog immediate future (unless the organisation has BVLOS approval).
Iee Consider whether the conditions would allow for ice to build up on the aircraft.
Do not operate if such conditions are present.
No operations to take place at an altitude exceeding the cloud base (unless the
Cloud base L
organisation has BVLOS approval).
Air densit Ensure that the air is dense enough for sufficient generation of lift. For rotary-
Sty wing UAVs, there is also the option of fitting high-altitude propellers.
If the UAV is battery powered, then ensure that the batteries are not too cold or
Temperature

too hot.

If possible, operate indoors or within a shielded area, otherwise:
Night time Consider how VLOS will be maintained by the PIC or trained VO (unless the

organisation has BVLOS approval).

Sources: (CAA, 2015; FAA, 2016a; Transport Canada, 2016)
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Table 8. Possible operating hazards and considerations for their management

Hazard Considerations

Plan operations so that the UAV can always return to its landing area (i.e., allow

Bodies of water for enough battery life after the operation is completed).

Polar areas Check whether the UAV’s control systems work in polar areas.

Obtain permission from the appropriate government authority

Erect signage or use a pilot vehicle to warn motorists of the operation, or (with
permission from the appropriate government authority) close off the road or
traffic lanes that will be operated over.

Roads and highways

Avoid operating near tall structures, otherwise:
Tall structures Ensure that the aircraft has a control system and/or other equipment that prevent
interference.

While permission to operate above people without consent may have been
Crowds obtained, usually operators cannot operate over crowds. A common definition
for this is more than one person per square metre.

Complete a job safety assessment that takes into account any obstacles particular

Obstacles X
to an area of an operation.

High voltage power lines - . . .
£ gep Create and maintain a separation standard for high voltage power lines.

(>35kV)

Trees Create and maintain a separation standard for trees.
Avoid operating in areas of high electromagnetism, otherwise:

Electromagnetism Ensure that the aircraft has a control system and/or other equipment that prevent
interference.

Birds Consider not operating if there are large concentrations of birds in the operating
area.

. Always give way to manned aircraft, using an air band radio and a VO where
Other aircraft s & Y &

appropriate to aid situational awareness.

Sources: (CAA, 2015; FAA, 2016a; Transport Canada, 2016)

under the influence of a hangover and still not fit to fly (CAANZ, 2011). Drugs
also need to be considered for their effects on performance. Illicit drug use should
never be tolerated in an aviation organisation, but operators also need to be aware
of the potential effects of prescription and over-the-counter drugs (Robson, 2017).
Operators should ensure that their PICs consult an aviation doctor about whether
any prescription or over-the-counter drugs they intend on taking are compatible
with safe flight.

While not a safety issue, another area where UAV operators need to be seen to
exercise professionalism is in the realm of privacy. Most UAVs, regardless of what
they are being used for, are fitted with cameras and therefore collect footage that
must be stored and used in a way that safeguards people’s personal privacy. Most
countries have a government department that manages privacy regulation. Operators
should be aware of such regulations and comply with them.
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Technological Considerations

Technological considerations stem from the need to meet operational and
organisational requirements. Technology can either solve regulatory and practical
issues or create them. Accordingly, every operator needs to carefully consider how
they match technology with their operations. While the key technology to consider
is the UAV to be used, there are also considerations related to the control system of
the UAV and the safety redundancies that can be added to it to improve the safety
of the operation.

Weight of the UAV

One consideration that seems to be universal with regulatory authorities is to have
different requirements based upon the weight of the UAV to be used in the proposed
operation. For example, CAANZ (2015c¢) uses different considerations based upon
whether the aircraft weighs less than 15kg, 15 — 25kg or more than 25kg. Similarly
in the United States, there are different standards based upon whether the aircraft
weighs more than 25kg or not (FAA, 2016a). In Australia, they use 5 different weight
classes: micro (<100g), very small (100g —2kg), small (2kg—25kg), medium (25kg —
150kg), and large (>150kg or >100m? for airships) (CASA, 2017). There are differing
weight classes and corresponding regulations across the world, however, the common
theme is that heavier UAVs are associated with more compliance considerations.
Accordingly, while having a larger UAV may accommodate a higher payload of
supplies, this will complicate obtaining regulatory approval. However, the degree
of added complication will vary from state to state and may be relatively simple.
Another complicating factor with the delivery of supplies is that the weight of the UAV
will vary from its empty weight. Accordingly, the operator needs to set a maximum
take-off weight as part of the standard operating procedures (SOPs) and carefully
consider which UAV model they purchase in order to align with local regulatory
requirements as well as operational requirements. Many UAV manufacturers are
already aware of this issue and carefully design aircraft accordingly. For example,
DJI’s Agras MG-1 (used for aerial spraying) can carry a payload of up to 10kg,
weighing 24.5kg when fully loaded (DJI, 2018). If it had an 11kg payload, then this
would cross the 25kg for maximum take-off weight and complicate compliance for
the operator in most countries.

Type of UAV

Different types of UAVs offer different advantages and disadvantages. This section
outlines some of these advantages and disadvantages and applies them to what this
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means for the delivery of medical and emergency supplies. Example models of UAV's
are provided as examples of the different types that are currently available or under
development. While many of these have been developed for other purposes, there
is nothing to stop them being applied to the delivery of medical and emergency
supplies in the future.

There are five main types of small (2kg — 25kg) aerial UAV platforms which
are similar in design to larger and heavier UAVs: (1) multi-rotor, (2) fixed-wing,
(3) single rotor, (4) fixed-wing hybrid, and (5) hybrid airships (Chapman, 2016;
Plimp, 2018). Multi-rotor platforms are manufactured using a number of well tested
designs ranging from tricopters (3 rotors) to octocopters (8 rotors), although the
most common type is the quadcopter (4 rotors).

Multi-rotor UAVs are relatively stable, easy to control and manoeuvre, have
vertical take-off and landing (VTOL) capability and can hover. However, they
suffer from limited endurance (approximately 25 — 30 minutes, although this is
improving), relatively small payloads and are vulnerable to high wind speeds and
turbulent atmospheric conditions (Olson, 2018). The rationale for constructing UAVs
with 6-8 rotors is to enhance power and stability in strong winds and turbulence.
In addition, the PIC can lose power in several motors on the UAV but the on-board
engine management software can still maintain stability so that they can safely
land the UAV. However, more rotors means higher cost and complexity as well as
areduction in range. Typical uses for multi-rotor UAVs include aerial photography
and video aerial inspection (Chapman, 2016). A multi-rotor UAV (DJI Inspire 2)
is popular with professional movie makers and local news stations. It weighs 3 kg
and has a ceiling of 16,400 feet. It has dual-operator controls, a retractable landing
gear and comes with two sophisticated 4K capable cameras. The high performance
Inspire 2 model has a top speed of 111 km/hr, arange of up to 6 km, and an endurance
of 20 — 25 minutes. In addition, the software system provides a range of intelligent
flight modes and has a collision avoidance system that can detect objects 100 feet
away (Fisher, 2017). Multi-rotor UAVs can also be fitted to deliver cargo, however,
their limited payload and inability to be operated in adverse weather conditions make
them less ideal for the delivery of medical and emergency supplies.

Fixed-wing UAVs work in a similar fashion to conventional aeroplanes. They
have reasonable endurance (can be as high as 16 hours), can fly at high altitude,
carry heavier payloads than other types of UAV and can cope better with high wind
speeds and turbulence. Despite their advantages there are significant drawback’s
with this design, such as high cost, the need for highly trained operators (as they
are more difficult to land) and the requirement to have a launcher and a capture
mechanism in difficult terrain as they cannot hover (Olson, 2018). Typical uses
for fixed-wing UAVs include aerial mapping, pipeline and power line inspection
(Chapman, 2016). AgEagle have developed a carbon-fibre launchable fixed-wing UAV
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(RX60) for agribusiness which has an autopilot and an endurance of sixty minutes.
It can capture aerial maps of 300 acres of farmland per battery charge (Eckelkamp,
2018). Fixed-wing UAVs for delivering cargo also exist, however, one of the key
issues is that the aircraft cannot hover and therefore the cargo needs to either be
dropped from the aircraft or the aircraft needs to land for the cargo to be delivered.

Single-rotor UAVs are similar in operation to a conventional helicopter and can
scale up in size and are usually powered by fossil fuels. They can have extended
range, are more efficient at high speeds, have a heavy payload capability and can
hover even in high winds. However, they are more difficult to fly, are noisy, are
usually more expensive and are more complex in construction (Olson, 2018). Typical
uses for single rotor UAVs are aerial Light Detection and Ranging (LIDAR) laser
scanning and payload delivery (Chapman, 2016). NOVAerial Robotics has developed
a small 12.4 kg single rotor UAV (Procyon 800E), that can hover for 40 minutes,
and can carry a payload of 5 kg. It has a top speed of 90 km/hr and a range of 20
km (Blain, 2016). Single-rotor UAVs show real potential for being used to deliver
medical and emergency supplies due to having less drawbacks than multi-rotor
UAVs and fixed-wing UAVs. However, they are relatively uncommon and are not
as cost-efficient as other types of UAVs.

Fixed-wing hybrid UAVs combine the benefits of fixed-wing UAVs with the
ability to hover. Some of them are designed with tilt rotors where the wing or
motors can rotate. Others are tail-sitter aircraft which rest their tails on the ground,
fly vertically, and then pitch downwards to achieve level flight. The advantage of
fixed-wing hybrid UAVs is the combination of VTOL capability combined with long
endurance flight. However, they are aerodynamically and technically complex and
many prototypes are still under development. Typical uses include payload delivery
and aerial mapping (Chapman, 2016). Vertical Technologies have developed the
Deltaquad which is an electric VTOL flying wing capable of fully autonomous
operation. It has a flight time of 165 minutes and a range of 150 km. In addition it
can achieve a maximum speed of 100 km/hr and can carry a payload of 1 kg (Vertical
Technologies, 2018). As such technologies develop, they may be a good option to
trial for the delivery of medical and emergency supplies.

Hybrid airships combine aerodynamic, direct and buoyant lift. The advantages
of this type of UAV include quiet operation, enhanced payload capability, stability,
superior loiter time and ease of control. For example, the electric powered PLIMP
airship hybrid (25 kg) can fly at 48 km/hr and carry 2 kg payloads up to an altitude
of 500 feet with a range of 17 nautical miles (31.5 km). Typical uses for this type of
UAV include stock and crop monitoring on farms (Plimp, 2018). While not as slow
as craft that only use buoyant lift, hybrid airships are still slower than other types
of UAVs. This may or may not preclude them depending on the time-sensitivity of
the medical and emergency supplies that are to be delivered.
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Medium (25kg — 150kg), to large (>150kg or >100m? for airships) aerial UAV
platforms share similar characteristics with the five different types of small UAVs.
Capabilities such as range, endurance, ceiling, and payload are all significantly
increased in the medium to large UAVs. However, larger UAVs also mean higher
operating costs and greater complexities in terms of regulatory considerations.

The Russian built SKYF large multi-rotor hybrid UAV can carry up to a 400 kg
payload, with a flight range of 350 km, and has a maximum endurance of 8 hours
with a 50 kg payload. It has an operational ceiling of 10,000 feet and a top speed
of 70 km/hr. SKYF uses a unique design which separates the function of lifting
and steering. It utilises the power and endurance of gasoline engines to drive its
two main lift propellers for VTOL and translational flight, and the instant torque
of four sets of coaxial twin propellers located at the corners of its box frame for
manoeuvring. It can be used for heavy cargo lifting, fire-fighting and automated
crop dusting and costs US$150 per hour to operate which is significantly less than
a small helicopter (Blain, 2017).

UAVE is a United Kingdom-based developer of the medium fixed-wing Prion
Mk3 UAV. This UAV is used for scientific research, commercial applications and
law enforcement. The Prion Mk3 (30kg) is an ideal platform for beyond visual
line of sight (BVLOS) operations as it has a range of 1000 km and a top speed of
80 km/hr. It can carry a payload of 15 kg which can include a plethora of sensors
including LIDAR, GPS, cameras and magnetometers (but could potentially be used
for cargo). It is powered by a 120cc four-stroke petrol engine and is controlled via
a real- time satellite link to a ground control station (GCS) which has autopilot and
manual controls (UAVE, 2018).

A large single-rotor UAV has been developed by Aurora Flight Sciences. It is
an autonomous LIDAR equipped autonomous aerial cargo/utility system (AACUS)
which is based on the Bell UH-1H helicopter. The on-board system can plan its own
flight path and even select landing sites in unmapped and hazardous regions. It has
already completed cargo missions delivering gasoline, water and medical supplies
to US Marines in the field (Blain, 2017).

Defiant labs has developed a new fixed-wing hybrid UAV (DX3), which features
VTOL and fixed-wing flight capabilities. It has a range of 1500 km, 24 hours
endurance, LIDAR for 3D mapping and can carry a 3kg payload. Its engines are
powered by hydrogen fuel cell technology and is controlled via satellite link. The DX-3
UAV hasbeen designed to monitor and inspect remote long-range infrastructure such
as oil and gas pipelines, and power transmission lines. Due to its rugged construction
the UAV is also suitable for disaster relief and security operations (Rees, 2016).

In the United States by 2020 there will be a US$100 billion market opportunity
for UAVs, driven by increasing demand from commercial and government agencies
and the retail market. Defence agencies will still be the largest market for UAVs
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(US$70bn) as they are a cheaper and safer alternative to manned military aircraft.
The consumer market (US$17bn) for hobby UAVs will grow exponentially and
the commercial/civil market (US$13bn) is exhibiting the fastest growth (Goldman
Sachs, 2018). The FAA estimates that 450,000 UAVs will be operating in United
States airspace by 2022, compared to 110,000 currently. The agency also predicts
the number of commercial UAV pilots will increase to 300,000 over the same period,
compared to 70,000 currently. This will mean the number of commercial UAVs and
UAV pilots will significantly exceed the total number of private pilots and associated
manned aircraft (Pasztor, 2018). The upshot of this future growth is that there will be
a greater variety of models available for a greater diversity of operations, including
the delivery of medical and emergency supplies to remote areas.

Control Systems

UAVs that are controlled by a PIC should operate on a frequency acceptable to the
local regulatory authority. Most UAV models utilise standard frequency ranges (2.4
GHz for remote control and 5.8 GHz for video and audio links). Some models also
have the option of purchasing signal boosters and band amplifiers in order to extend
the range of the aircraft. So long as these do not use alternative frequencies, then this
is usually not an issue. Most UAVs use a smart phone or other system to simplify
flying processes allowing for PICs to have sufficient cognitive capacity to maintain
situational awareness. However, sometimes UAV operations are autonomous.

A number of commercial companies, government-sponsored research agencies
and university research teams have developed autonomous systems for UAVs.
Understandably these agencies are reluctant to publish technical information about
their designs due to copyright and intellectual property rights which may have
significant monetary value. Therefore, new entrants have to begin their project
from scratch and waste a lot of time and resources duplicating the work of previous
developers. One solution to this problem is an open source project called the
Remotely operated Aerial Model Autopilot (RAMA), developed by the Department
of Control Engineering at the Czech Technical University in Prague. A distinctive
feature of the RAMA project is that it is totally open source, which means that all of
the technical documentation is available at the project website. This documentation
includes wiring diagrams, printed circuit boards (PCBs), software source codes,
vehicle controller designs, vehicle mathematical models and real flight data (Spinka,
Kroupa, & Hanzélek, 2007).
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The rapid development of more complex and expensive UAV's has enforced the need
for increased reliability. At present the installation of rescue and recovery systems
on many commercial and military UAVs has become standard practice to mitigate
situations where the UAV suffers engine or battery power failure, fuel starvation,
navigational error, or control system failure (Prisacariu, Pop, & Circiu, 2016). These
systems have evolved into a range of designs to match specific UAVs and include
recovery parachutes, recovery air-bags, recovery mesh nets (ground-based) and
pneumatic cushion boats (water rescue). The rescue and recovery system allows
for a safe landing in case of emergencies and minimises financial loss in case of
extreme weather or operational events. Recovery systems have various classifications
including manual and automatic command, destructive or non-destructive recovery,
shock absorption, and ground mounted capture systems (e.g., nets or mesh). Recovery
systems designed for fixed-wing UAVs will depend on the mission requirements of
the system and must have certain characteristics to be successful. They must be safe
to operate, they must protect the UAV and delicate on-board sensors from damage,
they must be accurate in returning the UAV to a designated point, they must have
a high degree of autonomy to reduce operator workload, and the recovery system
must be reliable and its operation repeatable (Wyllie, 2001). A popular method for
small to medium multi rotor UAVs is the utilisation of a ballistic recovery chute and
operates in four distinctive steps: (1) deployment of drag chute, (2) deployment of
main chute, (3) opening of the main chute, and (4) controlled descent of the UAV
(Prisacariu et al., 2016). ParaZero is a major supplier of ballistic recovery chutes
that will scale to fit any size drone. Deployment is autonomous and reacts instantly
to critical failure. In addition, it can deploy successfully at low altitude and as it
descends it has a broadcast system that warns people within close proximity to the
landing site (ParaZero, 2018).

INCREDIBLE SKIES AND MEDICAL DRONES AOTEAROA

This section details some of the practicalities that are being worked through or have
already been worked through during trials to deliver medical and emergency supplies
to remote areas in Northland, New Zealand. In addition to these practicalities, this
section outlines the expected community impact of the project.
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The organisation aims to begin with ‘proof of concept’ operations to satisfy CAANZ
and select a range of UAVs suitable for their purposes. They will then build/source
the UAV and scale their operation in order to deliver medical and emergency
supplies. The organisation has become a certificated aviation organisation and has
been subject to the ‘fit and proper’ persons process to assess the competency and
fitness of character of its senior persons. They have had staff sent on courses with
certificated aviation training organisations as well as some who have been trained
overseas and one of the staff that is a pilot (manned aircraft). They have induction
and competency assessment processes that must be followed before personnel can
be authorised to act in the capacity of PIC. The intended operation will test BVLOS
autonomous UAV operations in a series of incremental steps in order to demonstrate
the fitness of the concept. Current operations have been small tests of the aircraft’s
payload and connectivity that did not require approvals as a certificated organisation.
The BVLOS variation, once achieved, will be subject to using restricted airspace
for the purpose of research and development (with Incredible Skies as the delegated
authority) as well as through the use of specialised technology (this technology is
commercially-sensitive and cannot be further elaborated upon). Several aircraft
types will be trialled, beginning with lightweight fixed-wing and multi-rotor aircraft
and then moving towards heavier crafts and VTOL. The key considerations that the
organisation is using to choose between models are payload, weight and endurance.
The control systems will likely be open source. The trials will determine what safety
equipment (e.g., automatic recovery systems) may be necessary to conduct operations.

Community Impact

The project recognises that people in rural areas are more likely to die from accidents
and illnesses. Many choose not to pick up medicines or choose to ration them.
This is because the cost of delivery, the distance, the stress and the susceptibility
of remote areas to weather events causing road closures make it difficult for the
local community. In the 2017 — 2018 year, access to and from the community in
this trial was blocked 28 times. The project intends on operating UAV's to conduct
the following operations: (1) civil defence scout operations that provide location
information and deliver survival packs, (2) one-off urgent deliveries in partnership
with emergency services, and (3) deliveries of scheduled repeat medicines (one flight
to deliver supplies to multiple patients). Currently to deliver supplies to and from
the nearest hospital or pharmacy in the trial area requires a 3-hour drive with an
estimated cost of NZ$50 per trip. By using UAVs, this project intends on reducing
this to 20 minutes at a cost of less than NZ$1 per trip. In addition to the reductions
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in delivery costs and delivery times for medical and emergency supplies, the project
aims to have a positive economic impact on the local communities as well as the
wider UAV sector. The project will offer training places for members of the local
community, potentially leading to commercial UAV courses, further education, small
business start-ups and other opportunities. Maori university students and senior high
school students will also be invited to participate in lab and field activities in order
to provide a practical exposure to science, technology, engineering and mathematics
(STEM) disciplines. The project expects to create jobs in the local community in
logistics, flying and training and the manufacture, maintenance and sale of UAV
technologies. It is also hoped that these new technologies will provide opportunities
for Maori land use in terms of launch sites, air strips, crew and equipment facilities,
labs and telecommunications infrastructure.

CONCLUSION

This chapter has outlined a number of considerations for operators who intend on using
UAVs to deliver medical and emergency supplies to remote areas. While a number
of such operations have already taken place and there are organisations advocating
for the use of UAVs for such purposes, the literature lacks practical guidance for
potential operators about what they need to consider for such operations. This chapter
separates these considerations into three areas. First, organisational considerations
acknowledge that a commercial UAV operator must be a certificated aviation
organisation, meaning that they need to have an exposition, senior persons, training
and authorisation processes and a safety management system. Second, operational
considerations outline a number of practicalities depending upon the complexity
of the proposed operation, particularly with regard to regulatory requirements.
Third, technological considerations acknowledge that a UAV needs to be capable
of achieving the organisation’s desired operations. This chapter has identified that
one of the biggest issues facing potential operators is the lack of an international
regulatory framework suited towards unmanned aircraft operations. This chapter
summarises regulatory considerations from anumber of states in order to aid potential
operators in what commonalities exist internationally. In addition to this, an example
of areal-world and ongoing operation to deliver medical and emergency supplies is
provided along with an explanation as to the positive community impact that such
operations can provide. Accordingly, this chapter provides a practical understanding
to the existing literature that benefits both practitioners and researchers interested in
the application of UAVs to the delivery of medical and emergency supplies.
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KEY TERMS AND DEFINITIONS

Exposition: A document that outlines how an organisation is managed and
how its operations are conducted. This document is used by regulatory authorities
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to determine whether an organization should be certificated and is used following
certification to audit the organization for compliance.

Life-Limited Parts: Parts that must be replaced at regular intervals (flight
hours, flights, calendar time, or other measure) in order to ensure the airworthiness
of the UAV.

Operator’s Maintenance Manual: Part of the exposition that outlines how the
organization will maintain the airworthiness of their aircraft through regular checks,
scheduled maintenance, and procedures for managing unscheduled maintenance
events.

Regulatory Authority: A government agency that is charged regulating the
aviation industry by producing rules, issuing licenses and certificates, and auditing
certificated aviation organizations for compliance.

Scheduled Maintenance: Regular maintenance activities to ensure that the
UAYV remains airworthy.

Senior Persons: People who hold managerial portfolios that involve oversight
for the organization and its operations.

Unscheduled Maintenance: Maintenance activities triggered by an event that
could not have been foreseen, such as propeller strikes, fires, and hard landings.
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APPENDIX

Table 9. List of regulatory authorities used to form compliance considerations

Country/Entity Regulator Abbreviation (if any)
Australia Civil Aviation Safety Authority CASA
Canada Transport Canada -
Ethiopia Ethiopian Civil Aviation Authority ECAA
European Union European Aviation Safety Agency EASA
e
Japan Japan Civil Aviation Bureau (f1%2/5) JCAB
New Zealand Civil Aviation Authority of New Zealand CAANZ
South Africa South African Civil Aviation Authority SACAA
United Kingdom Civil Aviation Authority CAA
United Nations International Civil Aviation Organisation ICAO
United States Federal Aviation Administration FAA
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ABSTRACT

The drone industry is rapidly developing around the world, and the numbers of
drones are increasing. In order to maintain safety and secure stability of drone flights,
regulations and laws related to drone operations are established in each country.
This chapter reviews the rules and laws of drones established by the International
Civil Aviation Organization, the United States, China, Japan, Australia, India, and
Korea. Inorderto protectvictims and develop the drone industry, the author proposes
that it is necessary and desirable for the legislation of a unified and global “Draft
Convention for the Unification of Certain Rules Relating to Drone Operations and
Transport.”
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1. INTRODUCTION

Drone technologies continue to improve at a rapid pace and are slowly pushing
unmanned aircraft (UAS/Drones/UAV) toward the mainstream. Companies in a
variety of industries are now looking to use drones to cut costs, boost efficiencies, and
create new revenue streams and business values, such as last-mile retail deliveries.
An unmanned aerial vehicle (UAV), commonly known as a drone, is an aircraft
without a human pilot aboard. UAVs are a component of an unmanned aircraft
system (UAS); which include UAV’s, and a system of communications between
a ground-based controller and the Drone. The flight of UAVs may operate with
various degrees of autonomy: either under remote control by a human operator or
autonomously by onboard computers (ICAO, 2011).

Compared to manned aircraft, UAV's were originally used for missions too “dull,
dirty or dangerous” (Tice, 1991) ! forhumans. While they originated mostly in military
applications, their use is rapidly expanding to commercial, scientific, recreational,
agricultural, and other applications, such as policing, peacekeeping (Franke, 2015)
and surveillance, product delivery, aerial photography, agriculture, smuggling,” and
droneracing. Civilian UAVs now vastly outnumber military UAVs, with estimates of
over a million sold by 2015, so they can be seen as an early commercial application
of autonomous things, to be followed by the autonomous car and home robots.

Figure 1. Many kinds of use (fire etc.) by drone
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There’s no arguing the drone industry growth that has occurred in the last few
years, but discrepancies arise in trying to quantify that growth depending on how
you define a drone, according to Recode.

Total drone unit sales climbed to 2.2 million worldwide in 2016, and revenue
surged 36% to $4.5 billion, according to research firm Gartner. But the Consumer
Technology Association points out that 2.4 million personal drones were sold in the
U.S. alone in 2016, more than double the 1.1 million sold in 2015.

BI Intelligence, Business Insider’s premium research service, defines drones
as aerial vehicles that can fly autonomously or be piloted by a remote individual.
Under that criterion, BI Intelligence expects sales of drones to surpass $12 billion
in 2021. That’s up by a compound annual growth rate (CAGR) of 7.6% from $8.5
billion in 2016. This growth will occur across the three main segments of the drone
industry: Consumer Drones, Enterprise Drones (also known as Commercial Drones),
and Government Drones. Consumer drones are drones purchased by individuals for
noncommercial and nonprofessional purposes. BI Intelligence expects consumer
drone shipments to hit 29 million in 2021, which would indicate a CAGR of 31.3%.
For enterprise drones, BI Intelligence expects shipments to reach 805,000 in 2021
with a five-year CAGR of 51% from 102,600 in 2016 (Meola, 2017).

A recent Teal Group study estimates that worldwide spending in the Unmanned
Aerial Vehicle (UAV) industry will increase drastically in the next decade—with
expenditures of up to $11.5 billion annually. The drone industry is growing at a
significant pace and is expected to contribute $82 billion to the U.S. economy within
the next ten years.

Sales of drones for commercial operations are predicted to increase from 600,000
in 2016 to approximately 2.7 million by 2020. Drones have broad applicability for
a wide range of industries, including energy and public utilities, agriculture, real
estate, insurance, movie-making, photography, and videography. The slow progress
of creating a comprehensive regulatory scheme for commercial uses of drones is
delaying more extensive deployment of drones in the U.S. economy (Heffernan &
Urban 2017). As the Drone industry has a bright prospect not only in the United
States and the Republic of Korea but also in the whole world, it is essential to discuss
the legislative examples of Drones in the International Civil Aviation Organization
(ICAO), USA, China, Japan, Australia, India and South Korea.
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2. REGULATION OF DRONE BY ICAO
2.1. ICAO and Unmanned Aircraft Systems (UAS)

The Unmanned Aircraft Systems Advisory Group (UAS-AG) of the ICAO
(International Civil Aviation Organzation), established in 2015 to support the
Secretariat in developing guidance material and expedite the development of
provisions to be used by States to regulate unmanned aircraft systems (UAS), with
its industry and international partners, as well as the Member States, has been
instrumental in providing support to the global aviation safety collaboration.

The 39th Assembly, held from 27 September to 7 October 2016 requested that
ICAO develop a global baseline of provisions and guidance material for the proper
harmonization of regulations on UAS that remain outside of the international
instrument flight rules (IFR) framework (ICAQO, n.d.).

This request was based on three factors: the need to maintain safety for manned
aircraft; the desire for harmonization of domestic UAS regulations; and the need
for assurance from the leading global aviation standards-making body that the best
options for UAS operations were being considered and recommended. In order to
accomplish this new tasking, the UAS-AG began a second, larger phase of work
(Phase II).

The UAS-AG continues to serve as a technical body, working under the
management of the ICAO Secretariat. It reviewed and assessed submissions from
States, industry and academia to ICAO’s Requests for Information (RFIs). Recognizing
that an agreed global approach will greatly assist businesses and others in launching
their UAS services with suitable levels of investment confidence and operational
safety, ICAO is now convening its “second DRONE ENABLE event” for 13-14
September 2018 in Chengdu, China (2 [E, A% &) (ICAO, 2018). Its focus will be
on exploring new solutions with experts and innovators from industry, academia
and other areas to help globally coordinate the development of UAS activities, and
safely integrate UAS traffic management systems and existing conventional air
traffic management systems. In preparation for the Chengdu event, ICAO has also
issued a second request for information (RFI) to expand on the guidance material
which was initiated after its “first DRONE ENABLE in 2017”.

Based upon the assessments, ICAO invited various submitters to present their
information to a global audience at DRONE ENABLE, “ICAO’s Unmanned
Aircraft Systems (UAS) Industry Symposium”, was held in Montreal, Canada 22
to 23 September 2017 (ICAO, 2017). Interested parties can contribute to the 2018
ICAO RFI via the UN aviation agency’s Unmanned Aviation website at www.icao.
int/safety/ua.
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The UAS-AG Phase II will support the Secretariat in guiding ICAO Member
States with establishing a common global framework for, and core boundaries of,
unmanned aircraft system traffic management (UTM), in order to allow further UTM
developments to focus on better defined issues, whether technical, operational or legal.

Aimed at assisting consumers and remote pilots regardless of their skills and
experience, the UN agency for civil aviation (ICAO) launched its new Unmanned
Aircraft Systems (UAS) Toolkit on the occasion of International Civil Aviation
Day. “The resources this new toolkit makes available are designed to help UAS
operators of all ages operate their aircraft safely and responsibly,” commented ICAO
Council President Dr. Olumuyiwa Benard Aliu. “The importance of recognizing that
these devices are aircraft, and of integrating their use safely with existing manned
operations, should not be under-estimated.”

Given that UAS, informally referred to as “drones,” can be mistakenly and often
illegally operated by less-informed pilots around airports and other areas of controlled
or sensitive airspace, [ICAO has been taking steps to help minimize their risks. Its
new UAS Toolkit is much more than a starting point for learning the basics of their
safe operation. UAS today can be flown in a variety of configurations, and outfitted
with a wide range of payloads and sensors to support their increasing humanitarian
and emergency operations roles.

They are also being used to monitor infrastructure and crops and for wide-ranging
geological, geographical and climate-related research and development. “Given
the immense economic and social potential of UAS technology, and the variety
of factors at play, regulations for these systems and their use must be carefully
considered,” highlighted ICAO Secretary General Dr. Fang Liu. “Our new toolkit
offers not only helpful information and resources, but can also serve as a platform
for the exchange of global best practices, lessons learned, and effective governance
approaches.” Developed through ICAO’s UAS Advisory Group, and in cooperation
with industry and international expert partners, the ICAO UAS Toolkit can be
accessed at icao.int/rpas.

Drone deliveries, drone inspections and even autonomous flying taxis are near
term realities, and to make these services safe and efficient ICAO has begun the
consultative work needed to establish low-altitude traffic management guidance for
domestic unmanned aircraft systems (UAS). “ICAO is the natural agency to bring
together the best and brightest from government and industry to define how these
aircraft can be safely integrated into modern airspace, and in a way that optimizes
their benefits globally for the wide range of public and private sector operators”
(ICAO, n.d.).

“Multiple States and regional groups have activities underway to establish a
UAS airspace management tool for lower altitudes, and ICAO’s work through this
RFI process will help to facilitate harmonized solutions which are safe, secure,
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sustainable, and most importantly globally aligned,” noted ICAO Secretary General
Dr. Fang Liu. “Our over-riding goal at ICAOQ is to better define the issues involved,
whether technical, operational or legal, and also to ensure safety continues to remain
our highest priority.”

2.2, ICAO Regulatory Framework: Pilotless Aircraft

Article 8 of the Convention on International Civil Aviation, signed at Chicago on
7 December 1944 and amended by the ICAO Assembly (Doc 7300) (hereinafter
referred to as “the Chicago Convention”)

stipulates that: No aircraft capable of being flown without a pilot shall be flown
without a pilot over the territory of a contracting State without special authorization
by that State and in accordance with the terms of such authorization.... 2.1. The
Global Air Traffic Management Operational Concept (Doc 9854) states “Anunmanned
aerial vehicle is a pilotless aircraft, in the sense of Article 8 of the Convention on
International Civil Aviation, which is flown without a pilot-in-command on-board
and is either remotely and fully controlled from another place (ground, another
aircraft, space) or programmed and fully autonomous.”

This understanding of UAVs was endorsed by the 35th Session of the ICAO
Assembly. All UA, whether remotely-piloted, fully autonomous or a combination
thereof, are subject to the provisions of Article 8. Only the remotely-piloted aircraft
(RPA), however, will be able to integrate into the international civil aviation system
in the foreseeable future. The functions and responsibilities of the remote pilot are
essential to the safe and predictable operation of the aircraft as it interacts with
other civil aircraft and the air traffic management (ATM) system. Fully autonomous
aircraft operations are not being considered in this effort, nor are unmanned free
balloons nor other types of aircraft which cannot be managed on a real-time basis
during flight. Unmanned Aircraft Systems (UAS) will operate in accordance with
ICAO Standards that exist for manned aircraft as well as any special and specific
standards that address the operational, legal and safety differences between manned
and unmanned aircraft operations. In order for UAS to integrate into non-segregated
airspace and at non-segregated aerodromes, there shall be a pilot responsible for
the UAS operation.

Pilots may utilize equipment such as an autopilot to assist in the performance
of their duties; however, under no circumstances will the pilot responsibility be
replaced by technologies in the foreseeable future.

UAS will operate in accordance with ICAO Standards that exist for manned
aircraft as well as any special and specific standards that address the operational,
legal and safety differences between manned and unmanned aircraft operations.
In order for UAS to integrate into non-segregated airspace and at non-segregated
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Figure 2.
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aerodromes, there shall be a pilot responsible for the UAS operation. Pilots may utilize
equipment such as an autopilot to assist in the performance of their duties; however,
under no circumstances will the pilot responsibility be replaced by technologies in
the foreseeable future.

3. DRONE REGULATIONS AND LAWS IN THE UNITED STATES
3.1. Drone Legislation and Litigation

From legislation to litigation, 2017 was a major year for drones at the federal level,
across all branches. Starting in the judiciary, a couple of major cases impacted drones
in 2017. The first, Taylor v. FAA, challenged the Federal Aviation Administration’s
(FAA)registration requirement for all drones, including model aircraft, which Taylor
believed violated language in the 2012 FA A reauthorization which prohibited FAA
from regulating model aircraft. Subsequently, Congress included a provision in the
2017 National Defense Authorization Act, undoing the prohibition specifically as
it relates to a registration requirement and FAA has subsequently reinstituted the
requirement. Department of Transportation Secretary Elaine Chao announced in
early January that FAA had registered its 1 millionth drone (NCSL, n.d.).
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3.2. Definitions of UA, sUA and sUAS in the United States

e  Unmanned Aircraft (UA) means an aircraft operated without the possibility
of direct human intervention from within or on the aircraft.

e  Small Unmanned Aircraft (SUA) means an unmanned aircraft weighing less
than 55 pound (25kg) on takeoff, including everything that is onboard or
attached to the aircraft.

e  Small Unmanned Aircraft System (sUAS) means a small unmanned aircraft
and its’ associated elements (including communication links etc.) that are
required for the safe and efficient operation of the small unmanned aircraft in
the national airspace system.

3.3. FAA Regulation of Commercial Uses of Drones

There are many legal restrictions on commercial uses of drones, also known as
unmanned aircraft systems (“UAS”) or unmanned aerial vehicles (“UAV”), in the
United States. Until August 2016, entities that wanted to participate in commercial
drone operations had to petition the FAA for a so-called Section 333 exemption
or an individual approval for specific operations. The FAA reviewed each Section
333 exemption petition on a case-by-case basis and could take months to issue an
approval. On August 29, 2016, the FAA’s Small UAS Rule, known as Part 107, went
into effect and changed the regulatory scheme for commercial drone operations.
Part 107 generally authorizes the commercial use of drones that weigh less than
55 pounds and do not fly faster than 100 miles per hour, but subject to significant
conditions and limitations. Drones must:

e  Remain within 400 feet of the ground (or higher, if the drone remains within
400 feet of a structure);

Operate during daylight hours;

Only operate when there is at least 3 miles of visibility from the control
station;

Not be flown over people;

Operate in class g airspace absent special authorization;

Remain within the visual line of sight of the operator at all times; and

Not carry hazardous materials.

In order to pilot the drone, the operator must hold a Remote Pilot Airman
Certificate and pass a Transportation Security Administration background check.
In order to receive a Remote Pilot Airman Certificate, the applicant must pay a
$150 fee, pass the initial aeronautical knowledge test (a two-hour, 60-question test)
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with a minimum score of 70 percent, and complete the FAA Airman Certificate
and/or Rating Application. Foreign-registered drones may operate in compliance
with Part 107, but the remote pilot must hold an FAA-issued Remote Pilot Airman
Certificate (Herffernan & Urban, 2017). Under the Obama administration, the FAA
was drafting new regulations to permit the operation of drones over people without
the need for a waiver.

Federal Aviation Administration (FAA)released requirements for the registration
of “hobby” drones:

FAA requires registration for drones between 55-55 pounds

Registration numbers linked to owners

Registration requires name, home address, and email address

Penalties for failure to register include civil fines of $27,500 and criminal
fines of $250,000 and up to three years imprisonment

Recent Chicago ordinance regulates where individuals can fly and use drones
No drones within 5 miles of airports

No drones over schools, churches, hospitals, police station

No drones above 400 feet

California drone bill addressed privacy concerns (vetoed by Governor)
Recent Paradise Valley, AZ ordinance limits drone use for privacy reasons.

It remains uncertain whether such regulations will be issued under the Trump
administration. The FAA convened a Drone Advisory Committee, including members
from across the aviation and drone sectors, to advice on the best way to handle issues
surrounding this new technology. While there have not been specific regulations
implemented regarding cybersecurity or privacy issues, entities engaged in drone
operations should exercise caution not to violate others’ privacy rights and ensure
that the drone has proper security mechanisms, such as a password-protected Wi-
Fi signal.

3.4. State and Local Drone Laws and Federal Pre-Emption

Depending on the entity’s location, legal advice may also be needed regarding
compliance with state and local laws affecting drone operations. Whether the FAA
has exclusive legal authority to regulate drones that would pre-empt State and local
governments from adopting their own laws and regulations is an unresolved legal
issue. The FAA, in Part 107, not only avoided asserting exclusive jurisdiction over
drones, but actually encouraged state and local regulation of drones in specific
respects, such as to address privacy issues arising from drone operations.
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The pre-emption issue will likely be addressed through legislation and the courts.
On May 25, 2017, a bipartisan group of senators introduced the “Drone Federalism
Act of 2017 to “preserve State, local and tribal authorities and private property
rights with respect to unmanned aircraft systems.” This bill would require the FAA to
define the scope of federal pre-emption, limiting it to “the extent necessary to ensure
the safety and efficiency of the national airspace system for interstate commerce.”
Drone industry stakeholders are concerned about the emergence of a patchwork quilt
of potentially inconsistent state and local drone laws across the country.

3.5. FAA Regulation of Recreational Uses of Drones

The rapid expansion in the number of recreational drone users has raised significant
safety concerns about intrusions into controlled airspace and interference with other
aircraft as well as persons and structures on the ground. In December 2015, the FAA
adopted arule requiring small drone owners who conduct operations for recreational
purposes to register their drones with the FAA.> On May 19, 2017, the United States
Court of Appeals for the District of Columbia held that this rule “directly violates”
Section 336(a)* of the FAA Modernization and Reform Act, which prohibited the
FAA from “promulgat[ing] any rule or regulation regarding a model aircraft.”

The court found that drones constitute “model aircraft” and thus must not be
made subject to FAA regulation.8 FAA argued that notwithstanding Section 336(a),
it could impose the registration requirements pursuant to its general congressional
mandate to “improve aviation safety,” but the court found that Section 33(a) controlled,
thereby barring the recreational drone registration rule.

The American Drone laws allow drones to ONLY be used for recreational use.
They recently have begun requiring users to register their drones. “Do I Need To
Register My Drone?”

When using your drone please adhere to the guidelines below.

e  Maintain sufficient distance from populated areas.
Do NOT fly your drone higher than 400 feet (120 m).
Illegal to fly your drone in national parks, or within Washington D.C.
regardless if you are flying for recreational or commercial purposes.

e  There are different FAA drone regulations for commercial use and for
recreational use.

e  Recreational drone laws are in some ways more lax than commercial ones,
but the line of sight remains pivotal (more on these laws later).
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3.6. Issues for Companies to Consider
Before Commencing Drone Use

Companies looking to use drones should consider whether to operate the drones
themselves or hire an outside contractor do so on their behalf. If a company wants
to conduct drone operations itself, it will need an employee to obtain a Remote Pilot
Airman Certificate. The company also will need to purchase insurance coverage
and ensure that it can conduct drone operations in a safe and compliant manner. By
conducting drone operations itself, the company may reduce costs by eliminating the
need to hire a contractor and avoid the delay involved in getting contractor operations
established, but may increase its potential liability for its drone operations.

Alternatively, companies can contract in for drone services, which can be preferable
or even necessary, particularly for more complex operations. The benefits of using
an outside contractor include the ability to access a range of drone devices and the
most up-to-date technology operated by a licensed, insured, experienced pilot, and
to limit the company’s liability. The U.S. Geological Survey National Unmanned
Aircraft Systems (UAS) Project Office is leading the research and integration
activities needed to make UAS data collection an efficient, safe, and cost-effective
remote sensing tool for DOI and USGS scientists.

3.7. Aircraft Registration: Unmanned Aircraft (UA)

Registration is required for small Unmanned Aircraft weighing more than 0.55
pounds that do not operate exclusively under the Special Rule for Model Aircraft.
Review the latest information regarding model aircraft registration in light of the
May 19, 2017 decision of the U.S. Court of Appeals for the District of Columbia
Circuit in Taylor v. Huerta. Use the streamlined online system to register small
unmanned aircraft (SUAS) that weigh between 0.55 and 55 pounds.

Drone Pilot License.

e  “Do I need alicense to fly a drone?” It’s one of the most common questions
prospective drone owners ask.

e  To act as a remote pilot for drones in accordance with FAA regulations, a
person must obtain a remote pilot certificate.
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3.8. Cause of Action for Drone in the
Anglo-American Legal System

1. Basic Tort Theory Involving Duty of Care, Breach,
Causation and Damages Caused by Drone

Potential negligent acts could include the following:

Failing to maintain Drone (UAS) which may lead to mechanical failures
Failing to account for weather conditions

Losing control of or signal to UAS, leading to injury or damage
Permitting someone without proper training to operate UAS

Violation of FAA regulations (per se)

Operating UASs under diminished capacity, i.e., ‘drunk droning”

Target Defendant: Commercial Operators/Owners, Airport

2. Causes of Action: Product Liability

The manufacturer of the Drones shall be liable for damages caused by defects in
the manufacture of it;

Design Defect:

Conditions with the products design that makes the product inherently

dangerous

° Consumer expectations test

° Risk utility test

Manufacturing Defects:

Mistakes made in the process of constructing a product

e  Failure to Provide Adequate Warnings or Instructions:

° Failures to provide adequate warnings or instructions regarding the
product’s proper use

° Breach of warranty:

° If condition constitutes a breach of warranty, can form the basis of tort
liability even to a party not in privity

° Target Defendant: Manufacturers; Product Sellers
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4. CHINA
4.1. Introduction

The December 2015 “Interim Provisions on Light and Small Unmanned Aircraft
Operations ((/\EAMNIZITIHITALE)” issued by China’s civil flight regulatory
agency, the Civil Aviation Administration of China (CAAC: 2 E R 1 /2 /), regulate
the operation of unmanned aircraft systems (UAS) with a maximum empty weight
of 116 kilograms or less, or a maximum take-off gross weight of 150 kilograms or
less, and a calibrated air speed of no greater than 100 kilometers per hour.

UAS weighing 1.5 kilograms or less are generally not required to follow the
Provisions. The People’s Republic of China (% [E]) has not passed any legislation
specifically regulating drones or unmanned aircraft systems (UAS).

Civil aviation and flight activities are primarily regulated by the PRC Civil
Aviation Law, the PRC General Flight Rules, and the Regulations on General Aviation
Flight Control. They have not, however, expressly extended their application to the
flight of UAS. China’s civil flight regulatory agency, the CAAC (FERME/F),
has issued advisory circulars setting up guidelines for the flight of UAS. These
interim measures are expected to be updated as the UAS industry and regulatory
framework develop.®

The CAAC s considering new rules on commercial operations of UAS and issued
a draft of the rules to solicit public opinion in December 2015 (Wei et al., 2016).

In addition, the Ministry of Industry and Information Technology (MIIT) is
reportedly planning new UAS regulations.”The UAS Operation Provisions set forth
an online, real-time supervision system comprising the “electric fence,” a system
consisting of hardware and software that stops aircraft from entering certain areas,
and the “UAS Cloud,” a dynamic database management system that monitors
flight data, which has an alarm function for UAS connected to it that is activated
when these UAS fly into the electric fence. Airport obstacle control surfaces, as
well “prohibited areas, restricted areas, and danger zones” provided by other laws
and regulations, are restricted areas prescribed by the UAS Operation Provisions.

UAS connected to the UAS Cloud must follow the restrictions shown in the system,
while those not connected to the UAS Cloud must consult with relevant authorities
about the restricted areas. UAS flying within visual line of sight (VLOS) must be
operated in the daytime. Such a requirement does not apply to UAS flying beyond
visual line of sight (BVLOS), but a certain regulatory framework for addressing
emergencies applies to BVLOS flights. Both UAS flying within VLOS and BVLOS
must give way to manned aircraft.
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4.2. Drone Laws and Regulations in China

Drone use in China is allowed but getting a permit from the CAAC (F E M=
[8)) Flight Standards Division is probably very difficult. Nonetheless, here you are
the conditions under which you can fly the little helper:

e  Regulations in China divide drones into 7 classes according to weight, all of
which require a permit

e  Anydrone weighing over 116kg requires a pilot license and UAV certification
for operation
Not permitted to fly drones near airports or where aircraft are operating
Be careful when flying over people or built-up areas restrictions are much
looser in rural or less populated areas,

e  But much stricter in cities like Beijing or Shanghai refrain from flying your
drone at Beihai Park, or near the Forbidden City and other major monuments
(don’t fly it within the first or second ring of the city).

e  All drones under 7Kg are permitted to be flown in China.

If your drone weighs 7Kg -116Kg a license from CAAC is required
Any drone weighing over 116Kg requires a pilot’s license and UAV
certification for operation

e  Drone flights in controlled areas require approval in advance.

Approval from CAAC is needed for all commercial drone flights.
Avoid flying near airports and flight paths and exercise caution when flying
over built up areas or over people.

Hire UAV Pro has m any drone businesses and operators ready to assist in China
listed on our website. You can also register your business at Hireuavpro.com to
be amongst one of the most trafficked websites in the world for drone pilots and
businesses. For any further questions, always refer to us by contacting hireuavpro.
com directly.

4.3. CAAC (R EEfnE/F) Flight Standards Division (" ¥{THr/&ES])

I would like to introduce the Flight Standard Division in China as the followings.

1. Civil Unmanned Aircraft Pilot System Provisional Regulations: 18 November
2013.

2. The Light and Small UAV Operation Regulation: 29 December 2015.
3. Civil UAV Driver Management Regulations, Issue Date: 11 May 2016
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4.  CivilUnmanned Aircraft Systems Air Traffic Management Office 21 September
2016

5. Civil unmanned aircraft real name registration management regulation: 16
May 2017

4.4. UAS Operation Provisions in China

The UAS Operation Provisions in Chinaare also applicable to “plant protection UAS”
used for agricultural, landscaping, or forest protection purposes with a maximum
take-off gross weight of 5,700 kilograms or less and flying no higher than 15 meters
above the surface, and unmanned airships with an inflatable volume of 4,600 cubic
meters or less (Wei et al., 2016).3

1. UAS Categories in China

The UAS Operation Provisions in China divide UAS and unmanned airships subject
to its regulation into seven categories, mainly based on weight and use, as follows:

e  Category I: UAS weighing 1.5 kilograms or less.

e  Category II: UAS with an empty weight between 1.5 kilograms and
4 kilograms or with a take-off gross weight between 1.5 kilograms and 7
kilograms.

o  Category III: UAS with an empty weight between 4 kilograms and 15
kilograms or with a take-off gross weight between 7 kilograms and 25
kilograms.

e  Category IV: UAS with an empty weight between 15 kilograms and 116
kilograms or with a takeoff gross weight between 25 kilograms and 150
kilograms.

Category V: Plant protection UAS.
Category VI: Unmanned airships.

e  Category VII: Category I and II UAS that can operate 100 meters beyond

visual line of sight.

Category I UAS are required to be operated safely and to avoid causing injury
to others but are not otherwise subject to the UAS Operation Provisions. Nor do the

Provisions apply to model aircraft and indoor flights, except under certain conditions
specified by the Provisions.
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2. Electric Fence and UAS Cloud

The UAS Operation Provisions set forth an online, real-time supervision system
that has two components: the “electric fence” and the “UAS Cloud.” The “electric
fence” is a system consisting of hardware and software that stops aircraft from
entering certain areas. The UAS Cloud is a dynamic database management system
that monitors flight data, including operation information, location, altitude, and
speed, in real time. The UAS Cloud has an alarm function for UAS connected to it
that is activated when these UAS fly into the electronic fence.

UAS under categories 111, IV, VI, and VII must install and use the electric fence
and connect to the UAS Cloud. Operators must report at least every second when
in densely populated areas and at least every thirty seconds when in non-densely
populated areas. UAS under categories II and V are required to install and use the
electric fence, connect to the UAS Cloud, and report at least every second if they are
operated above the airspace of key areas and in airport clear zones (Wei et al., 2016).°

“Key areas” is defined by the Provisions to include military sites, nuclear plants,
administrative centers and their neighboring areas, and areas temporarily designated
as key areas by local governments. A qualified UAS Cloud provider must be approved
by the CAAC for a trial operation, among other requirements specified by the UAS
Operation Provisions. A UAS Cloud system developed by the Aircraft Owners and
Pilots Association of China, “U-Cloud,” has been approved for operation during a
two-year period from March 4, 2016, to March 3, 2018.1°

3. Restricted Areas

Airportobstacle control surfaces are restricted areas prescribed by the UAS Operation
Provisions. “Prohibited areas, restricted areas, and danger zones” provided by other
laws and regulations are also restricted areas under the Provisions.!' UAS connected
to the UAS Cloud must follow the restrictions shown in the system, while those
not connected to the UAS Cloud must consult with relevant authorities about the
restricted areas. In 2009, the CAAC issued rules on air traffic control for civil UAS,
which subject civil UAS to the relevant provisions of the Civil Aviation Law, the
Basic Rules of Flight, the Regulation on Flight Control of General Aviation, and
other rules concerning air traffic control issued by the CAAC."?

4. Flight Specifications
According to the UAS Operation Provisions, UAS flying within visual line of sight
(VLOS) must be operated in the daytime. Such a requirement does not apply to UAS

flying beyond visual line of sight (BVLOS), but a certain regulatory framework for
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addressing emergencies applies to BVLOS flights. Both UAS flying within VLOS
and BVLOS must give way to manned aircraft (Wei et al., 2016)."

5. Insurance

In compliance with the PRC Civil Aviation Law, the UAS Operation Provisions
require UAS operators to buy insurance for UAS covering liability for third parties
on the ground, a requirement deemed to be “consistent with best practices” (Wei
etal., 2016)."

6. Pilots

The UAS Operation Provisions require a pilot-in-command to be appointed who
is directly in charge of the operation of the UAS and has the right to make final
decisions.'” Qualification requirements for UAS pilots are prescribed by another
CAAC advisory circularissued in 2013, the Interim Provisions on the Administration
of Civil Unmanned Aircraft System Pilots.'

4.5. Drone Industry in China
According to thereliable sources, Chinais to be the largest exporter of military drones.

e  The best-known Chinese military drones are the Wing Loong (£ ¢) family,
made by Aviation Industry Corp of China (FEMZE T\ EH /2 F]), and
China Aerospace Science and Technology Corporation (% E fin KR EH]
2 8)) (Wikipedia, n.d.).

e  CH drones have been sold to military users in more than 10 countries,
while the Wing Loong (2) series, which made its maiden flight last year,
captured the largest contract ever signed for a Chinese export drone.

e  China’s deployment of unmanned aerial vehicles is not limited to military
purposes.

e In Liaoning Province (I T°H), the local government is allegedly using
the UAV to monitor the border between China and the North Korea and is
building two coastal UAV bases to monitor the Provinces’ jurisdiction in the
Yellow Sea (&8) and the Bohai Bay (#1/8/2) area.

e  China will launch the Wing Loong ID in 2018, the latest model of the
domestically-developed Wing Loong UAS family, with a series for a new
model also underway, its developer AVIC has announced. The Wing Loong
ID is developed by Chengdu Aircraft Design & Research Institute (CADI),
a subsidiary of the state-owned Aviation Industry Corporation of China
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(AVIC) in southwest China’s Sichuan Province (PU)I12). It will conduct
it and maiden flight and enter the market in 2018, said Aviation Industry
Corporation of China (AVIC:REMZE TWERBRAE]) at the Wing
Loong UAS Development Conference (Xinhua, 2018).

5. JAPAN
5.1. Overview

Japan recently amended its Aviation Act and passed a new law to regulate the flights
of unmanned aerial vehicles (UAVs). UAVs are prohibited from flying near airports
and over densely populated areas and important facilities. Legislation to regulate
drones was recently proposed in Japan after an April 2015 incident in which a small
drone was discovered on the roof of the Japanese Prime Minister’s office building
in Tokyo.!” At that time, there was no regulation in place to prohibit the flying of
such devices. The drone operator was indicted and received a suspended sentence
of two years’ imprisonment for the criminal act of forcible obstruction of business
(Murai, 2016). Following this incident, the ruling Liberal Democratic Party (LDP)
submitted a bill to the Diet (Japan’s Parliament) in June 2015 to regulate flights
of unmanned aerial vehicles (UAVs) over certain areas.!® The second bill, which
amended the Aviation Act, was submitted by the Cabinet in July 2015."° The Diet
passed both of these bills, whose provisions are discussed below.

5.2. Aviation Act and Drones in Japan

The Aviation Act amendment was the first of the two bills to be enacted. The
amendment was promulgated on September 11, 2015 and became effective on
December 10, 2015.%° Under the amendment, a UAV operator is prohibited from
flying a UAV, absent permission from the Ministry of Land, Infrastructure and
Transportation (MLIT), in the following areas:

e  Where air traffic is expected, such as airports and their approach areas, and
areas above 150 meters

Densely populated residential areas?!

The amendment also sets the conditions for UAV flights:

UAV flights may be made only between dawn and dusk.

An operator must monitor the UAV and its surroundings with his/her own
eyes at all times.
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e In-flight UAVs must keep more than 30 meters’ distance from people and
objects.

e  UAVs must not fly over a place where an event attended by many people is
being held.

e  UAVs must not carry specified dangerous items, such as explosives and
flammable objects.

e  UAVs must not drop items while in flight.”

These conditions may not apply in the emergency situations or when an operator
obtains prior approval from MLIT. A UAV that weighs 200 grams (7 ounces) or less
is not subject to the rules in the Aviation Act. The MLIT has requested that UAV
operators report accidents, collisions, UAV falls, and near-miss incidents. Eleven
cases were reported between the enforcement date of the amendment to the Aviation
Act and March 30, 2016.% Additional cases were reported to the police instead of
the MLIT. ** Flying a UAV over a prohibited area or violating the conditions of
flight is punishable by a fine of up to 500,000 yen (approximately US$4,000).%

5.3. Aviation Act on Prohibition of Flying
UAVs Over Important Facilities

The Aviation Act on Prohibition of Flying UAVs over Important Facilities and
Their Peripheries was promulgated on March 18, 2016, **and becomes effective
three months from the date of promulgation. ? The Act prohibits flying UAVs over
designated facilities, such as the Diet building, the Prime Minister’s office building,
buildings of designated government agencies that are involved in crisis management,
the Supreme Court building, the Imperial Palace, embassies, and nuclear facilities.
These no-fly areas generally extend to within a 300-meter radius of such designated
facilities. When a police officer finds a person flying a UAV over a designated area,
the police officer can order the person to stop the operation of the UAV. If the person
does not follow the order, the police officer can take necessary measures, such as
obstructing the flight of and destroying the UAV in order to remove any danger it
poses. In addition, the person who did not follow the officer’s order is punishable
by up to one year of imprisonment or a fine of up to 500,000 yen.

5.4. The Contents of Drone Rules in Japan

You must fly your drone at least 9 km away from airports
You must not fly your drone over crowds.
You must stay away from all power lines.
In accordance with the road transport law
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Figure 3.

The Current Drone Laws in Japan

Airspace above
150m (AGL) (B)
= Permission
required
—| Airspace around
Airports (A) Above Densely Airspace other than
i~ Inhabited Districts (C (A), (B) and (C)
Permission Permission ( No permission
required N required
required q
=
-
=

| m 1/*;‘

Conceptual Airspace

e  You are not allowed to fly your drone over any roads
In accordance with the land property law
You are not allowed to fly over any property without permission from the
owner

e  Osaka and Tokyo have banned drone use in all parks within the city limits

e  There are currently several proposed drone laws within the Japanese
government but currently the only laws that apply are those listed above

5.5. Drone New Rules in Japan

The new rules came into force on Dec. 10, 2015 (TTILIT, n.d.). The details of the
rules are as follows:

1. Definition
The term “UA/Drone” means any airplane, rotorcraft, glider or airship which cannot
accommodate any person on board and can be remotely or automatically piloted

(Excluding those lighter than 200g.
The weight of a UA/Drone includes that of its battery).

188

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Regulations and Laws Pertaining to the Use of Unmanned Aircraft Systems

2. Prohibited Airspace for Flight

Any person who intends to operate a UA/Drone in the following airspaces is required
to obtain permission from the Minister of Land, Infrastructure, Transport and Tourism.

1.

Airspace around airports. (air space above approach surface, horizontal surface,
transitional surface, extended approach surface, conical surface and outer
horizontal surface.)

Above Densely Inhabited Districts (DID), which are defined and published
by the Ministry of Internal Affairs and Communications.

Above 150 meters (492 ft.) within airways or 250 meters elsewhere and within
9 km of airports

(Civil Aeronautics Act No. 118 of 2006 and Ordinance for Enforcement of the
Civil Aeronautics Act).

In all of Metropolitan Tokyo’s 81 public parks and gardens.

(Tokyo Metropolitan Government ordinance) (violation may result in a fine
of up to 50,000 yen: about $4100ther prefectures that have passed similar
legislation to Tokyo as follows.

At least 17 prefectural governments including Tokyo and five municipal
governments already have introduced drone regulations.

It is illegal to fly drones in these following areas:

a.  Inhighly populated urban areas, which includes most Japanese cities and
all of Tokyo’s 23 wards for drones weighing above 200g (that is pretty
much any drone with a camera).

Over the Prime Minister’s Office, or within 300m of the PM.

Over the Imperial Palace, or within 300m of the Imperial Palace.

Over other key facilities including nuclear power plants.

Osaka and Tokyo have banned drone use in all parks within the city limits.
A new law has been passed recently that allows law enforcement officers
the right to destroy drones found in violation of the law so be careful!

e a0 o

3. Exception

Requirements stated in “Airspace in which Flights are Prohibited” and “Operational
Limitations” are not applied to flights for search and rescue operations by public
organizations in case of accidents and disasters.
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4. Permission and Approval

You are required to submit an application in Japanese for the permission or approval
to the Ministry of Land Infrastructure, Transport and Tourism at least 10 days
(excluding Saturdays, Sundays, and holidays) before you fly a UA/Drone. For further
information, please contact UA/Drone Counseling Service.

6. AUSTRALIA
6.1. Introduction

Australia has regulated unmanned aircraft since 2002. The relevant regulations are
being substantially revised in 2016, including new rules related to using remotely
piloted aircraft (RPA) for non-recreational purposes that come into force in September
2016. The new rules provide for commercial operations of very small RPA (weighing
less than 2 kilograms/4.4 pounds) to be conducted without the need for a remote
pilot license or operator’s certificate, provided that these are operated under the
standard conditions established in the new regulations.

Small RPA (2-25 kilograms/4.4-55 pounds) will also be able to operate over a
person’s own land for certain purposes and under the standard conditions without
the need for certification and a license, while the use of medium RPA (25-150
kilograms/55-330.7 pounds) for the same purposes and under the standard conditions
will only require a remote pilot’s license. Operators of large RPA, as well as smaller
RPA for other non-recreational purposes, will still be required to obtain a remote
pilot license and operator’s certificate. Large RPA must also have airworthiness
certification.

Tobeeligible for aremote pilot license, operators must obtain certain qualifications,
complete certain training, and have a minimum number of hours of experience flying
RPA. Entities wishing to obtain an operator’s certificate to operate large RPA or
smaller (non-excluded) RPA for non-recreational purposes must have the facilities,
procedures, and personnel needed to operate the RPA safely. There is currently
some uncertainty with respect to the privacy rules applicable to the use of drone
technology for collecting or recording information.

The Australian Civil Aviation Safety Authority (CASA) states that “Australia
was the first country in the world to regulate remotely piloted aircraft, with the first
operational regulation forunmanned aircraftin 2002” (Australian Government, n.d.).
The current rules related to remotely piloted aircraft (RPA) and model aircraft are
contained in Part 101 of the Civil Aviation Safety Regulations 1998 (Cth) (CASR)
(Civil Aviation Act 1988, 1988).
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6.2 Review of Regulations and Guidance Material
Related to Unmanned Aircraft Systems (UAS)

The objective of this project is to “provide an up to date regulation and more
comprehensive guidance to industry on the regulatory requirements and approval
processes for the commercial operation of RPAS [remotely piloted aircraft systems] in
Australia.” On March 24,2016, an amending regulation, the Civil Aviation Legislation
Amendment (Part 101) Regulation 2016 (Cth) (2016 Regulation), was promulgated.
The amendments will come into force on September 29, 2016. CASA states that
the amendments “reduce the cost and legal requirements for lower-risk remotely
piloted aircraft (RPA) operations. More complex operational matters will be dealt
with in a new manual of standards to be developed with industry, providing greater
flexibility and responsiveness in this rapidly evolving area” (CASA, 2016). This
report outlines the rules contained in Part 101, as amended by the 2016 Regulation.

6.3 Civil Aviation Safety Regulations (CASR): Part 101

There are currently three subparts in Part 101 of the CASR that specifically regulate
different sizes and uses of remotely piloted aircraft (RPA) and model aircraft: Subpart
101. C contains provisions that are applicable to unmanned aircraft generally; Subpart
101.F, as amended by the 2016 Regulation, applies to the operation of “large” RPA
and of “very small,” “small,” and “medium” RPA for purposes other than sport or
recreation; and Subpart 101.G relates to model aircraft, which are only used for
recreational purposes.

Subpart 101.A also contains some preliminary provisions relevant to operating
RPA, and Subpart 101.B includes a general prohibition on the unsafe operation of
unmanned aircraft.

The 2016 Regulation will insert a new Subpart 101. AB that provides for the
general authorization for people supporting the operation of model aircraft and
RPA. As noted above, 2016 Regulation also provides for CASA to issue a “Manual
of Standards” prescribing matters required or permitted by the regulations, or that
are otherwise “necessary or convenient” to be prescribed in terms of giving effect
to Part 101. Other changes include the following:

e  Changing the terminology relating to unmanned aircraft from “UAV”
(unmanned aerial vehicle) to RPA, to align with that used by the International
Civil Aviation Organization.

e  Creating new weight classifications for RPA, being “very small” (less
than 2 kilograms/4.4 pounds), “small” (2-25 kilograms/4.4-55 pounds),
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“medium” (25-150 kilograms/55-330.7 pounds), and “large” (more than 150
kilograms/330.7 pounds).?®

o Introducing the concept of “excluded RPA,” which relates to RPA operations
considered to be of lower risk, as determined by RPA category and operational
use, and that will consequently have reduced regulatory requirements.

e  Establishing a set of standard RPA operating conditions, which must be
complied with in order for certain operations to be considered excluded RPA
operations.

e  Establishing a new system that allows very small RPA to be operated for
commercial purposes without the need for prior certification or licensing,
provided certain conditions are met.

The amendments prohibit autonomous flights “until such time as suitable
regulations can be developed by CASA.” However, the explanatory statement
accompanying the 2016 Regulation states that “there is scope for autonomous flight
to be approved by CASA on a case-by-case basis in the meantime.”?

6.4 Operating Large RPA and Operating Other RPA
for Non-Recreational Purposes: Subpart 101.F

As noted above, Subpart 101.F (as amended) applies to the operation of very small,
small, and medium RPA “other than for the purpose of sport or recreation,” and to
the operation of any large RPA. In many circumstances, the person actually operating
such RPA must hold a “remote pilot license” and the relevant entity must hold a
certificate authorizing the operation (currently referred to as a UAV operator’s
certificate or UOC) (Australian Government, n.d.). Under the 2016 Regulation, these
requirements will not apply if the operation involves an “excluded RPA.” In general,
RPA must not be operated within 30 meters of a person “not directly associated with
the operation” of the RPA. The 2016 Regulation creates new exceptions to this rule,
stating that it does not apply if the person is standing behind the RPA while it is
taking off, or to very small, small, and medium RPA where the person has consented
and the RPA is operated no closer than 15 meters to him or her.*® The amendments
also provide for the Manual of Standards to prescribe requirements relating to the
operation of RPA in certain areas.’!

6.5 Flying Drones or Model Aircraft Recreationally
Our recreational drone safety rules are designed to protect other people in the air
and on the ground. You must not fly your drone in a way that creates a hazard to

another aircraft, person or property, so follow our rules every time you fly. These
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rules do not apply to all drone flyers. If you hold a remote pilot licence (RePL) and
operate according to a remotely piloted aircraft operator certificate (ReOC) or have
an authorization from the Australian CASA, you will be exempt.

1. The Rules

You must not fly your drone higher than 120 meters (400 ft) above the ground.

You must not fly your drone over or near an area affecting public safety or

where emergency operations are underway (without prior approval). This

could include situations such as a car crash, police operations, a fire and
associated firefighting efforts, and search and rescue operations.

e  You must not fly your drone within 30 meters of people, unless the other
person is part of controlling or navigating the drone.

e  You must fly only one drone at a time.

e  If your drone weighs more than 100 grams:

e  You must keep your drone at least 5.5km away from controlled aerodromes

(usually those with a control tower)

° You may fly within 5.5km of a non-controlled aerodrome or helicopter
landing site (HLS) only if manned aircraft are not operating to or from
the aerodrome. If you become aware of manned aircraft operating to or
from the aerodrome/ HLS, you must manoeuver away from the aircraft
and land as soon as safely possible. This includes:

° Not operating your drone within the airfield boundary (*without
approval)

° Not operating your drone in the approach and departure paths of the
aerodrome (*without approval)

e  You must only fly during the day and keep your drone within visual line-of
sight.

° This means being able to orientate, navigate and see the aircraft with
your own eyes at all times (rather than through a device; for example,
through goggles or on a video screen).

e  You must not fly over or above people. This could include festivals, sporting
ovals, populated beaches, parks, busy roads and footpaths.

e  You must not operate your drone in a way that creates a hazard to another
aircraft, person, or proper

e  You must not operate your drone in prohibited or restricted are
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2. Getting Licensed and Certified to Fly a Drone

If you want to fly a drone commercially, you might need to be licensed and/or
certified by us. If you intend to fly a drone commercially that weighs between 100g
and 2kg, you can fly your drone in our ‘excluded’ category. Find out more about the
excluded category and the standard operating conditions that apply. If you want to
fly commercially outside of these standard conditions or your drone weighs more
than 2kg, you will need to be licensed and/or certified to fly. A remote pilot license
(RePL) is your individual permission to fly. If you hold a RePL, you will need to be
employed by someone who holds a certificate to fly. These operators hold a remotely
piloted aircraft (RPA) operators certificate, or ReOC (Australian Government, n.d.).

7. INDIA
7.1. India Drone Laws and Regulations

Drones in India have been banned since October 2014, regardless of their use. India
is currently in treated, civil operation of drones will require approval from the Air
navigation service provider, defense, ministry of home affairs, and other concerned
security agencies within India (Australian Government, n.d.).

1. Drone Laws India 2018

Aviation ministry of India has not yet confirmed or updated any new rules for the
year 2018. Since the year has just started and the elections are coming soon, the
focus of Government is more on the serious matters. However in the past tweet by
Ashok Gajapathi Raju Government is keen on new rules but there is no official
announcement yet on this. Every drone lover is waiting for the updates but we think
there is little more wait time (StartUp World, n.d.).

2. Drone Draft Regulations India 2017

2017 drone regulations draft, India is announced by The Ministry of Civil Aviation
on 2017. During the press briefing, Aviation Minister P. Ashok Gajapathi Raju
stated the drone industry would help the country growth in various sectors (Viroo,
2017). In April 2016, a draft policy for the operation of drones was released but it
is yet to see the light of day. The policy framed quite a few guidelines for flying of
drones keeping in mind the recreational and R&D scope of them apart from them
being used for surveillance and commercials purposes.
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3. How to Apply for a Drone License

The first step is to register your drone with a unique identification number or a UIN.
For this, you will need to have an address proof, a permit from the police and the
telecom department. Once you have submitted the docs, the UIN will be generated
for you which then needs to be installed on your device before you fly it. As said, it
can be a lengthy, official process before you can actually fly your drone. You need
to apply for a permission from a civil or defense Air Navigation System (ANS)
provider. If you are flying your drone over any property, you need to get permissions
from the property/land owner. You also need to get a security clearance from the
Bureau of Civil Aviation Security of India. Be it a recreation or commercial drone,
you need all the permissions. The DGCA guidelines also state that the owners need
to have insurance for their drones with the liability that they might have to deal with
for any damage. You can go ahead and check out the application for permission for
aerial photography to understand what all needs to be done to obtain permissions.

4. The Main Points Proposed in the Regulation

There are 5 types of drones: nano, micro, mini, small and large.

These range from less than 250 grams in weight to over 150 kg.

Drones under 250 g (nano) won’t need security clearance.

Micro category (250 g to 2 kg) will get approvals in 2 days.

Whenever you operate a drone, you will need different approval. Apart from

nano drones, all other categories will need an air defense clearance so that

aviation as well as security authorities are aware of the flight path.

e  There will be no-drone zones such as above operational aerodromes and within
5 km of Vijay Chowk in Delhi, within 500 meters from strategic locations,
from mobile platforms such as car, ship or air craft, over eco-sensitive zones
like national parks and wildlife sanctuaries (unless approved by Environment
Ministry).

e  Drones less than 2 kg and operating under 200 feet of height, once registered,
can be flown without nods.

e  Drones can be used for photography, medical uses, ad film making and so on.
E-commerce companies should be able to use drones as well.

e  Airrickshaws or passenger drones can also be considered under this policy

7.2. Use of Drones in India

Currently, people are using drones for aerial photography and for those gorgeous
wedding shots. Drones are also used for getting aerial shots in movies and for making
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documentaries. But right now in India, a few government agencies, law enforcement
agencies and the defense forces are legally allowed to use a drone. Apart from these,
drones can also be quite useful for various other purposes. For examples, they can be
used for remote sensing during natural calamities and disasters to pinpoint danger.
Drones can also be used in agriculture; they can help to identify moisture content
and nutrient soil availability; thereby passing on useful information which can be
helpful to farmers.

1. Drone Permissions in India

It is not easy to get permissions for flying drones in India. There is a lengthy,
official process which drone users have to flow. Also, importing drones into India
is not allowed, unless you have official permissions on government letterheads. The
Customs department has drones under ‘“Prohibited Goods”, so don’t try to get them
from outside India. Although there is no ban on the sale of drones in India, there
are restrictions on their usage.

2. Bringing Drone to India

Bringing a drone to India is not that easy unlike earlier years. If you are lucky and
clearance happens without check and the drone is with you otherwise customs will
hold the drone, give you a copy of withholding and will give it back to you when
you are flying back from India. But yes, there is a way to bring drone and bringing
is not illegal though. It just needs approvals and the process of approval is lengthy.
If you have anyone in custom or Airforce who can fasten the legal process for you
then it will be easy to bring drone with you.

3. Top Drone Videos From India

There are many professional drone photographers and filmmakers in India who
fly drones to make videos abiding by all rules and regulations. They follow all the
guidelines of flying drones and make professional shoots for a hobby as well as
business. You can check few of the samples of professional drone photographer
from Pixel Do, Mumbai, India

4. Flying Drones in India

Hire UAV Pro has many drone businesses and operators ready to assistin India listed
on our website. You can also register your business at Hireuavpro.com to be amongst

196

printed on 2/9/2023 3:17 AMvia . All use subject to https://ww. ebsco.coniterns-of -use



EBSCChost -

Regulations and Laws Pertaining to the Use of Unmanned Aircraft Systems

one of the most trafficked websites in the world for drone pilots and businesses.
For any further questions, always refer to us by contacting hireuavpro.com directly.

8. KOREA
8.1. New Korean Drone Laws

The South Korean government has unveiled a new set of safety standards for
drone flying following the recent revision of a related law, the Ministry of Land,
Infrastructure and Transport (MOLIT) said on November 14 (TUE), 2017, South
Korea’s Yonhap news agency reported. The amended aviation safety law came into
force last week, allowing drones to fly at night or beyond the pilot’s visual line of
sight once safety requirements are met. Under the standards, drones should pass a
set of safety tests and requirements to be flown at night or out of their pilot’s direct
line of sight. To prepare against emergencies such as loss of communication or
malfunction, flyers should install a fail-safe device on their small unmanned aerial
vehicles that enables them to fall safely.

Drones should also be equipped with an anti-collision system and a global
positioning system transmitter that helps track their locations in case of crashes. In
order to fly drones at night, flyers are required to buy insurance against possible
accidents, place an “observer” and install an anti-collision light that can be visible
up to 5 kilometers away. Drones should also be equipped with an infrared camera
and other first-person view devices. In addition, the standards call for pilots and
observers toreceive education about emergencies and carry emergency manuals. The
revised law also allows drones to deliver packages long distance when users meet
safety requirements, as part of efforts to support the fast-growing drone industry
(Bernama, 2017). Now the development of Drone enable ordinary people with little
or no expertise to access the sky.

8.2. Applicable Laws

With the explosion of online shopping and home shopping in Korea traditional
methods delivery products is being constantly challenged. Currently drones are
regulated as an “ultra-light plane” under the Aviation Act. With effect as of 30 March
2017, the Aviation Act will be abolished and replaced with the Aviation Security
Act(fiZE &L £ %), the Aviation Business Act (1 22 55 25)%) and the Airport Facility
Act (ZEBHIEX).

Relevantly, ultra-light planes will, in the main be regulated by the Aviation
Security Act and the Aviation Business Act. Accordingly, we will briefly examine
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the provision on the use of drones for business purpose under such legislation. The
following summarizes the flow of application that may need to be made, to operate
an ultra-light plane business (Shin & Kim, 2017).

8.3. Drone Laws in the South Korea

Drone use is allowed in South Korea, but there are several drone laws that need
to be followed when flying in the country. Operators must ensure that they follow
the following drone laws when flying in South Korea. You cannot fly higher than
150 meters (492 feet). You cannot fly within 5.5km of airfields or in areas where
aircraft are operating

You must fly during daylight hours and only fly in good weather conditions Avoid
flying over people, or crowds and respect others privacy when flying your drone

e  You cannot fly near Seoul Plaza, military installations, government facilities,
power plants, or areas of facilities related to national security

e  You cannot fly when there is low visibility or yellow dust

e Do not fly your drone beyond line of sight (UAV Systems, n.d.)

8.4. Registration, Reporting, Flight Approval, Operation License
1. Registration of an Ultra-Light Plane Business

A person intending to run an ultra-light plan business must apply for registration
with the Minister of Land, Infrastructure and Transport (E 2B E: Article
48 of the Aviation Business Act). An ultra-light plane business means: ‘the business
of commercially performing tasks designated by the Minister of Land, Infrastructure
and Transport for using unmanned aerial vehicles to meet other’s demand (Article
2 of the Aviation Business Act).

e  Safety: The operation of the business must not threaten public safety or
national security;

e  Minimum Capital: For corporate applications, their capital must be at least
KRW 30 million. There is no minimum capital requirement where only with
the unmanned aerial vehicles with the maximum of takeoff weight 25kgs or
less are used; and

e Insurance: Personal injury insurance coverage of at least KRW 150 million
and property insurance with coverage at least KRW 20million.
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There are issues arising from a prudential perspective for a corporate applicant
that has a large-scale operation using drones. Under Article of the Aviation Business
Act, ultra-light plane business must be limited to ‘commercial’ business to meet
the demand of ‘others’. Using drones wholly for personal and using drone for one’s
own business would seems to fall outside the ambit of Article 2.

2. Reporting Requirement

A person who owns or has the right an ultra-light plane shall report to the Minister
of Land, Infrastructure and Transport for the type, usage, name of the owner etc.
of such plane and whether personal can be collected (Article 122 of the Aviation
Security Act).

Safety certification must be obtained from the Korea Transportation Safety
Authority (32ERBELE 2 E) for a drone with the maximum takeoff weight of
25kg or more. No report needs to be filed for a drone weighing 12kg or less used
as hobby, however, if such drone is used for a ultra-light plane, it must be reported
even if it weighs 12kg or less.

3. Flight Approval

Flight approval is not required for a drone weighing 12kg or less. However, flight
approval is required for drones intended to be flown in aerial zones, including
controlled areas surrounding airfields, prohibited flight areas and at an altitude of
150meters or higher.

Such zones can be searched by the “Ready to Fly” application developed by the
Ministry of Land, Infrastructure and Transport and the Korea Drone Association. The
Ministry of Land, Infrastructure and Transport has developed a one-stop approval
system where applications for flight approval can be obtained more easily. As of 1
January 2017, this one stop approval system can be used by apply for flight approvals
from Ministry of National Defense (EIF&l) for aerial filming and for drone that
fly military aerial zones, such as areas “near” an Airforce airfield (KBLA, n.d.).

8.5. Operation License
A person who obtains flight approval can fly relevant drone. According to the
Enforcement Decree of the Aviation Security Act enacted on March 30, 2017,

operator will be required for a drone that weighs 12kgs or more that is used for an
ultra-light business.
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Drones used for personal purposes, including leisure activities, regardless of
weight and drone used for business purpose weighing less than 12kg may be flown
without such operator certification.

8.6. Legal Issues on the Drone

While markets are currently developing drones for disaster monitoring, safety
inspections etc., drones are already been used for various business sectors including
air delivery. With the importance placed on the development in drones by the Korean
government, it has already announced plans to pair back the restrictions on nighttime
flight and rang of visibility.

Dropping of falling Drones likely to endanger human lives or property;
Flight in manner likely to endanger human lives or property in the sky above
densely populated or crowded areas

e  All drones should be brought on carryon luggage if possible. This is because
according to the Montreal Convention, airlines are only liable for losses up
to ~$1,000 USD.

e  Flight under influence of alcohol or drugs.

One issue the requires further consideration is the requirement that a person
wanting to run an ultra-light plane business is required only to take out coverage for
KRW 150 million for personal insurance injury and KRW 20 million for property
damage. This requirement seems low for a business that is operating thousands of
drones. We believe that the insurance requirement should be based on a per drone
basis, or there should be a laddered coverage based on number of drones used in
the business. Another issue that is particularly relevant with the context of drones is
privacy. The Korean privacy laws are one of the strictest under the Aviation Security
Act around the world.

When a third person on the ground has suffered the personal injury or property
damage caused by falling or collision of Drone (UAS) in the air, the perpetrator is
liable for compensation of damages to the victims under Article 750 (Tort) of the
Korean Civil Code and Article 709 (Tort) of the Japanese Civil Code. However, it is
expected that Drone will be able to fly between the South Korea and North Korea,
between Korea and China or Japan as well as the neighboring countries in the future.
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9. CONCLUSION

The apparent abundance in new flight-stabilizing features, lighter and higher-quality,
rugged cameras for airborne purposes have all contributed to the growing popularity
of drones worldwide.

However, pastissues remain unanswered as technology progresses and additional
UAYV manufacturers claim new customers and social Flight Clubs enlist fresh enthusiast
amateur pilots. The air is still largely unregulated and unmarked, especially to the
naked eye, unequipped with height measuring methods, without prior knowledge
of any restrictions regarding the filming of surrounding people, and the seriousness
of the threat a drone poses as it zooms past or above people. Enhanced availability
of better GPS-trackers, quieter copters, and smaller ‘footprint’ also raise new legal
issues and require current and up-to-date regulation, but the vast majority of the
world still remains behind on effective drone control.

The dominating problems occur all over the world - regulation (or lack thereof),
Privacy issues, and avoiding collision between civilian/military aircrafts and ‘toys’,
and of course, the apparent threat of interference from signal jamming and virtual
radio-walls set up that may interrupt civilian air-traffic. While markets are currently
developing drones for disaster monitoring, safety inspection, etc., drones are already
been used for various business sectors, including delivery. They remain in the test
phase in Korea, but no doubt will be implemented in the market with time (IDC, n.d.).

However, the current regulations that require drone operation within the range
of visibility and prohibiting night time flight, may prevent such uses as envisaged
by the relevant industries in the near future. With the importance placed on the
developments in drones by the Korean government, it has already announced plans
to pair back the restrictions on night time flight and range of visibility. In order
to transport package, products or merchandise etc. Drones will be able to fly over
another countries in future. However, it is expected that Drone will be able to fly
between the South Korea and North Korea, between Korea and China or Japan as
well as the neighboring countries in the near future.

There is no the international legal guidance and regulations for regulating the
jurisdiction, limited amount of compensation for the personal or property damage
caused by the Drones accidents of third persons on the ground in another country
when the persons were injured or dead as well as destroy, damage or loss of goods.

In order to protect victims and develop Drone industry, I would like to propose
that it is indeed a great necessary and desirable for us to legislate an unified and
global “Draft for the Convention for the Unification of Certain Rules Relating to
Drone’s Operate and Transport” including the establishment of standards for flying
in the dense populated area and near at airport, preventing infringement of personal
privacy due to the photo by drone, liability of damage for compensation caused by
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drone’s accidents, liability for transport contract or tort of Drone’s operator etc. by
ICAO Legal Committee as soon as possible.

However, it is expected that Drone will be able to fly between the South Korea
and North Korea, between Korea and China or Japan as well as the neighboring
countries in the near future.

There is no the international legal guidance and regulations for regulating the
jurisdiction, limited amount of compensation for the personal or property damage
caused by the Drones accidents of third persons on the ground in another country
when the persons were injured or dead as well as destroy, damage or loss of goods.

In order to protect victims and develop Drone industry, I would like to propose
that it is indeed a great necessary and desirable for us to legislate an unified and
global “Draft for the Convention for the Unification of Certain Rules Relating to
Drone’s Operate and Transport” including the establishment of standards for flying
in the dense populated area and near at airport, preventing infringement of personal
privacy due to the photo by drone, liability of damage for compensation caused by
drone’s accidents, liability for transport contract or tort of Drone’s operator etc. by
ICAO Legal Committee as soon as possible.
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