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Introduction

 Unmanned Aerial Systems, more commonly known as drones, 
hereafter referred to UAS, are now at the point where the technol-
ogy is longer considered disruptive. This trend can be seen in the 
literature to where 10 years ago, articles on UAS were few and far 
between, and the majority of literature was based upon the nov-
elty of using a UAS to accomplish a goal normally performed in a 
traditional ground based or manual manner [1,2]. A current cur-
sory search of literature in a vast array of STEM affiliated journals 
in non-exhaustive list including engineering, chemistry, remote 
sensing, agriculture, forestry, archaeology, geology, soils, geomor-
phology, and ecology attests to how much UAS has become rec-
ognized as a vital data collection tool in the research community. 
Such widespread implementation of UAS technologies has creat-
ed an unprecedented number of drones operating in an airspace 
shared with manned aircraft. As UAS continues to be integrated 
into the Space Air Ground Integrated Networks (SAGINs), there 
will exist a need to tie into existing internet technologies, with 
abilities to communicate, detect, avoid, and deconflict with others 
in that airspace [3].

UAS technology is an example, among many, of how the mod-
ern world is still adjusting to the digital transformation from the 
industrial era to where UAS technology is both being driven and 
driving this digital transformation. The term “digital transforma-

tion” was popularized in a 2019 book, Digital Transformation, 
Survive and Thrive in an era of mass extinction [4] . In that book 
Siebel argues we are still very much at the beginnings of what 
he sees as a shift from an economy formally based on resources, 
manufacturing, and industrial production processes, to one that 
is focused on digital information age technologies. The rapid and 
disruptive appearance of UAS technology can be viewed as a case 
study in this transformation in that the technology, while no lon-
ger disruptive, still has myriad applications yet to be discovered. 
We argue here that UAS technology is both driving and being driv-
en by the ongoing digital transformation. The objective of this 
article is not to provide a comprehensive review of literature in 
each component of the digital transformation. Rather, this article 
makes an argument on how UAS technology, while still very much 
in its infancy, can be directed in ways that can power the digital 
transformation ahead further that would make UAS both safer and 
a stronger economic development force. The article begins with 
a description of the four core disruptive components behind the 
digital transformation: Big Data, Internet of Things, Artificial In-
telligence, and cloud-based computing [5]. This is followed by a 
brief history on how the explosive growth of the UAS industry was 
a direct outcome of the digital transformation. Finally, each com-
ponent of the digital transformation is related to key UAS applica-
tions and technologies.
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Components of the Digital Transformation

For us to understand how UAS technology fits within the digi-
tal transformation, we must first understand how this transforma-
tion did not just happen overnight, and that we very much do not 
know where it will take us. On its own, the digital transformation 
has gone through transitional waves just like how the industrial 
age went through its own transitions from wood to coal, to oil, 
to natural gas, with no transition being completely seamless and 
smooth. The digital transformation also has its phases starting 
with its origin in the conversion of analog to digital, followed by 
the onset of the internet, and now the age of big data and informa-
tion [4]. In the most current phase of the digital transformation, 
we are faced with how to handle and process copious amounts 
of data and turn that into usable information [5]. These data are 
gathered, processed, and disseminated under the four core com-
ponents of the digital transformation: Cloud Computing, Artificial 
Intelligence, Big Data, and Internet of Things (IoT). Each of these 
components has, on their own accord, gone through generations 
of development, and each can be defined in multiple tiers of com-
plexity.

Cloud Computing is perhaps the best known and recognized 
of the four components, yet what constitutes cloud computing 
goes well beyond mere web-based data storage. Cloud comput-
ing can be as simple as data storage, but also complex enough to 
not only host data, but provide software as a service in a way that 
hosts both development and operations, commonly referred to as 
DevOps [6]. The concept of the cloud has not been fully embraced, 
nor utilized at this point in the digital transformation. Even now 
after many years, the concept of the cloud is foreign to some. Many 
individuals remain wary of storing valuable information in the 
cloud, and the concept of hosting and running software, let alone 
developing and operating an entire operation in the cloud; this 
is still not a ubiquitous concept. Such hesitation to implement 
cloud-based technology can be further hampered by cyber secu-
rity concerns regarding online hackers and data breaches. Use of 
cloud-based technology continues to grow, however, and its use is 
spreading from large organizations equipped with the IT staff to 
implement the use of the cloud, to now small and medium sized 
organizations who realize the need for cloud-based technologies 
to provide efficiency and lower overhead costs [7].

Artificial Intelligence (AI) is another very familiar compo-
nent of the digital transformation but is perhaps one of the most 
loosely defined. Associated with AI are many other terms such as 
algorithm, deep machine learning, and deep learning. At its most 
simple level, AI is developing a defined list of instructions, or algo-
rithms for a computer to mimic human intelligence [8]. Artificial 
Intelligence technology is not novel, nor new, and extends back 
decades. In its most simple form, objects or pixels are identified in 
an image, and an algorithm is used to identify those pixels and ob-
jects [9]. Machine learning is a bit more advanced to where those 
algorithms learn from examples to refine the method. Deep learn-
ing is the most advanced form of AI, and it is a form of self-learn-

ing where the algorithms are designed to ‘learn’ from being fed 
massive amounts of data. More recent advancements in AI can be 
related to Digital Twin technology, where AI is utilized to virtually 
model a physical entity, which has many applications in the avia-
tion and UAS realm [1].

Big Data is the currency of the digital transformation. It is 
arguably the fuel that drives the shift towards the information 
age [10]. When we think of the digital transformation in its en-
tirety, it is big data that is being gathered, hosted, processed, and 
analyzed by all the other components. Big data is hosted and har-
vested in the cloud, and it is big data that drives the development 
of advanced AI [11]. For example, the aviation industry faces two 
major challenges of safety and performance improvement where 
Big Data stands to play a role. The collection and analysis of data 
can assist the aviation industry in conducting countermeasures to 
safety concerns in a “proactive” way, rather than traditional “reac-
tive” solutions [12]. Big data can take many forms, increasingly it 
comes in the form of data that is gathered from an ever-expanding 
vast network from the Internet of Things (IoT), which is another 
way to refer to Edge-based computing technology [13].

The IoT network, which is in place to gather vast amounts of 
big data in the digital transformation, is possible through the de-
velopment of Edge-based computing technologies, the internet, 
and cellular networks [14]. Edge-based computing technologies 
have adequate onboard processing capabilities that allow it to 
process the data and then communicate it to the internet network. 
With the implementation of 5G cellular technologies, an exponen-
tially increasing number of IoT devices are feeding Big Data into 
the Digital age of information technology [15]. While one of the 
most common IoT devices out there are smart phones that gather 
information that the user often unwittingly sends out, other de-
vices such as ground sensor networks, along with UAS, have the 
potential to feed information as fuel into the digital transforma-
tion. Each of the four components of the digital transformation as 
discussed above are an integral part of the UAS industry and have 
driven, yet have so much potential to be driven by this still argu-
ably disruptive technology.

UAS Industry Growth as Driven and Driving Digital 
Transformation Technology

There exists a common consensus that the explosive growth of 
UAS over the past 10 years resulted as an offshoot of military UAS 
technology [16]. While the term “drone”, and public knowledge of 
drone technology is very much a product of media coverage sur-
rounding UAS over the past 20 years, the technology related to 
both commercial and recreational UAS platforms can arguably be 
linked as direct product of the digital transformation [17,18].

Prior to technological advancements in edge-based comput-
ing hardware, drones were flown for military purposes, and those 
who flew remotely piloted aircraft (RPA) otherwise were known 
as Radio Control, or RC hobbyists/enthusiasts. Learning how to 
fly an RPA had a steep learning curve and could be prohibitively 
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expensive. Most aircraft were of the fixed wing variety, and there 
was no ‘return to home’ ability if one lost track of the aircraft as it 
slipped out of frequency range or wandered beyond line of sight. 
Becoming a proficient RC pilot meant lots of crashes and repairing 
an aircraft with packing tape and hot glue for it to be flight wor-
thy for more practice. Most aircraft were gasoline powered, and 
there was no means to engage in ‘stable flight mode’ through the 
flip of a switch – stable flight meant proficiency at the controls. An 
argument can also be made that hardware advancements in video 
card and Central Processing Units (CPUs) processing abilities also 
allowed for the development of highly sophisticated flight simula-
tor technology to be developed If an aspiring UAS pilot can realis-
tically learn how to fly a UAS platform in a simulated environment, 
whether it be fixed-wing, single rotor, or multi-rotor, the learning 
curve and repair costs become even more significantly reduced. 
Onboard UAS, hardware-based advancements are also allowing 
UAS to become cheaper, lighter, and smaller [19].

Most individuals in the UAS community would agree that what 
distinguishes a UAS from an RC aircraft is that a UAS is truly a sys-
tem of interacting hardware components and respective collabo-
rative software that allow it to function with a certain degree of 
autonomy, while RC aircraft rely on a direct interface with a re-
mote pilot handling a radio transmitting controller. The interac-
tion of hardware onboard a UAS is made possible with a central-
ized flight controller. This flight controller quite literally serves as 
the brain of the platform by allowing all the various forms of hard-
ware from the Inertial Measurement Unit (IMU) to the Global Nav-
igation Satellite System (GNSS) to the imagery sensing payload, to 
communicate with one another. This edge-based computing con-
tinues to advance from its analog beginnings, to where these are 
now predominantly digital and can perform millions of operations 
a second [20]. These flight controllers stabilize flight and allow the 
pilot to know where the aircraft is always located by communicat-
ing with the onboard IMU and GNSS. 

Advancements in IMU technology are what very much flat-
tened the learning curve for individuals interested in flying re-
motely piloted aircraft. These units are continuously monitoring 
the pitch, yaw, roll, and overall movement of the aircraft, which is 
then processed by the flight controller to stabilize flight and keep 
the aircraft level despite pilot error or winds. They allow some-
one to fly an aircraft and not overcompensate at the controls that 
leads to flipping a multirotor upside down or causing a fixed-wing 
aircraft to depart controlled flight. Not only does this edge-based 
computing lower the likelihood of pilot error induced crashes, but 
it also allows for autonomous flight abilities when coupled with 
GNSS technology. For example, miniaturization of components 
within the Surface Mounting Device (SMD) has eliminated the 
need for additional dedicated electro-mechanical interfaces and 
has created low-power Micro Controller Units (MCUs). With lower 
power consumption and weight, these devices are ideal for inte-
gration into UAS and “fields like smart farming, unmanned control, 
Internet of (Moving) Things, and robotics.” [21].

The GNSS technology is what allows the platform to maintain 
geolocational abilities. The term GNSS is the same concept of Glob-
al Positioning System (GPS), but GNSS just means that the receiver 
is picking up more satellites than the U.S. satellite network [22]. 
By tapping into multiple satellite networks, a GNSS receiver can 
commonly detect 18-20 available satellites at any one time. Such 
a high number of satellites means that UAS platforms can geolo-
cate themselves to within sub-meter precision. Advancements in 
edge-based computing have allowed users to equip UAS platforms 
in the realm of several hundred U.S. dollars with dual frequency 
GNSS that, when corrected by a base station, can achieve sub-cen-
timeter precision [23]. The precise geolocational abilities onboard 
communicating with both the IMU and flight controller also means 
that platforms can engage in automated flight operations [24-26]. 
They can be programmed to fly to preprogrammed waypoints, en-
gage in automated grid-based mapping missions, and return to the 
launch site when finished or problems arise. Such precision and 
automated flight abilities associated with this type of hardware 
has opened the door for UAS to be utilized as yet another tool for 
those engaging in survey quality results-oriented activities in civil 
engineering, mining, forestry, agriculture, etc. [27]. Hardware ad-
vancements in the realm of GNSS, IMUs, and Central Processing 
Technologies are important, but having an ample communication 
in framework of IoT to transmit that data is also important.

UAS has a massive amount of potential for being used to pro-
vide reliable and cost-effective wireless communication in the sky. 
While UAS have been utilized in the past to communicate gathered 
data, highly utilized microwave spectrum bands below 6 GHz are 
insufficient to transmit data and make transmission of complex 
spectrum data packets a crunch crisis [28]. For example, airport 
areas lie within areas a complex array of signal transmissions of 
various spectrum frequencies and bandwidth; one alternative way 
to efficiently operate and monitor UAS operations in these complex 
signal environments is the implementation of 5G mm Wave. Such 
a communication network is also required for transmitting large 
amounts of data processed with edge-based computing and IoT 
technologies. In the realm of UAS, current and ongoing research 
is using AI to assist in the identification of spot fires in wildfire 
events [29,30]. While such research is promising, it only carries 
full potential for when such identification can be done in real-time 
using edge-based computing, and transmitted back to ground-
based users, effectively making UAS as part of an IoT network. On-
going research using big data and AI to predict and reduce high-
way vehicle crashes also has great potential to be applied to UAS 
and will be crucial for integrating UAS into the airspace [31].

The IoT enhances connectivity from “any time, any place” for 
“any-one” into “any-thing”. Current communication technologies 
are not enough to hand the incremental expansion of airports and 
solving the growth of passengers in air travel Using IoT’s biometric 
analyzation can significantly decrease the time of passenger going 
through the checkpoint, and the implementation of IoT’s space op-
timization significantly reduce the cost of operation and provides 
passengers of smooth progress transit through the airport.
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Advancements in all four components of the digital transfor-
mation, particular within the realm of edge-based computing and 
IoT, have transformed what was a cottage RC aircraft industry that 
catered to a small number of hobbyists and enthusiasts into what 
is now a multi-billion-dollar industry that has not come close to 
seeing its full potential. UAS is now at the point where it not only 
is shaped by the digital transformation, it has the potential to feed 
and shape the digital transformation by contributing the informa-
tion-based data that powers it [32].

Conclusion

As we move from the latter stages of the industrial age, and 
into what is now being coined as the information age, four compo-
nents of technology are changing the current economic landscape 
at an unprecedented rate. Those four components, Cloud-comput-
ing, Internet of Things (IoT), Artificial Intelligence (AI), and Big 
Data continue to influence, and be influenced by, multiple forms 
of technology associated with the digital age. Each of these tech-
nologies has changed the way information is gathered, stored, 
and exchanged – proving disruptive in multiple economic sectors. 
Unmanned Aerial Systems (UAS), another disruptive technology, 
continues to be shaped by the digital transformation, but also is 
showing how the technology itself is driving growth of the cur-
rent information-based digital economy. As the 5G communication 
network continues to expand, the information gathered and pro-
cessed onboard UAS devices will continue to show the potential of 
how these platforms are yet another IOT device feeding Big Data 
into the cloud where that information can be utilized to further 
enhance AI in myriad applications. Future research should em-
brace the four components of the digital transformation and look 
to how all of these can be utilized to integrate UAS safely and effec-

tively into both the airspace and the economy.
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