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THE SOPHISTICATED TECHNOLOGIES POWERING TODAY'S
DRONE AND THE CHALLENGES MANUFACTURERS FACE TO
PROVIDE THOSE TECHNOLOGIES

Christopher T. Raabe’

This paper explores the significant challenges faced by drone manufacturers in
integrating advanced technologies into their products, particularly in a market
dominated by a single major player. As the Chief Technology Officer at a leading
drone manufacturer, I provide a firsthand perspective on the difficulties of adopt-
ing sophisticated technologies such as drone control laws and capabilities, camera
payloads, video transmission, and drone batteries. These challenges are primarily
due to the high costs of development and the scale required for economical pro-
duction, which are attainable only by the market leader. However, recent shifts in
legislation have begun to disrupt this status quo, providing an opportunity for
smaller manufacturers. I propose several strategic solutions, including collabora-
tive research, collective bargaining, development of proprietary technologies, and
industry standardization. These strategies are aimed at overcoming the barriers to
entry and fostering a more competitive market landscape. Through innovative ap-
proaches and strategic partnerships, there is potential for smaller manufacturers
to not only compete but thrive in the evolving drone technology sector. This paper
underscores the need for industry-wide cooperation and innovation to challenge
the dominance of the market leader and to advance the global drone industry.

INTRODUCTION

As the Chief Technology Officer at a prominent drone manufacturer for over seven years, | have
observed the dynamic shifts within the drone technology sector, noting the significant hurdles that
many manufacturers encounter as they strive to embed sophisticated technologies into their
products. The drone market is intensely competitive and is predominantly monopolized by one
manufacturer, which holds approximately three-quarters of the total market share. This
overwhelming dominance not only stifles competition but also significantly hampers the ability of
smaller manufacturers to adopt and implement cutting-edge technologies in their drones. In this
editorial, I aim to dissect the integration challenges related to essential drone technologies such as
control laws and capabilities, camera payloads, video transmission, and drone batteries. I will also
suggest viable strategies to surmount these challenges, helping to level the playing field for all
manufacturers

DRONE CONTROL LAWS AND CAPABILITIES

One of the foundational technologies in drone functionality is the control system, which often
starts with a basic control law such as the Proportional-Integral-Derivative (PID) controller. While
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the PID controller is widely utilized due to its simplicity, it serves as a prime example of the inher-
ent challenges in developing sophisticated drone autopilots. This linear controller is typically opti-
mized for specific flight conditions like hovering and is not well-suited to the nonlinear dynamics
of multicopter drones. Its weaknesses become particularly evident at high speeds or in strong winds,
as well as when the drone is modified with various payloads, which are increasingly common as
customers demand fast, flexible operations under a variety of environmental conditions.

Building upon the basic control, modern drones require a complex overlay of functionalities to
achieve high levels of autonomy. These include smooth autonomous flight, autonomous fail-safe
behaviors, obstacle detection and avoidance, smooth landings, and autonomous maneuvers such as
survey scans. Each capability introduces additional complexity and demands sophisticated
algorithms and significant computational power to effectively manage the drone's interaction with
its environment.

Strategic Solution:

To overcome these challenges, drone manufacturers could explore collaborative research and
development, possibly forming partnerships with academic institutions that specialize in advanced
robotics and artificial intelligence. Such collaborations could foster the development of innovative
control systems that are adaptive and robust, capable of performing optimally across various flight
conditions and operational demands. Additionally, focusing on specific market segments where
advanced control capabilities provide significant value could allow manufacturers to differentiate
their products and meet the increasing customer demands for versatile and reliable drone
operations.

CAMERA PAYLOADS

The quality of a drone's camera system significantly enhances its market value, especially in
sectors that require high-resolution imaging such as environmental monitoring, security, and
filmmaking. However, the integration of top-tier camera systems into drones presents substantial
challenges for smaller manufacturers. The market leader has consolidated its position further by
acquiring a top-tier camera maker, which complicates the availability of advanced camera
technologies for other players in the industry. This acquisition not only limits access to high-end
camera technology but also places smaller manufacturers at a significant competitive disadvantage.

Smaller drone manufacturers are keen to collaborate with top-tier camera makers to enhance
their product offerings. However, these camera manufacturers typically demand production
volumes that smaller players cannot guarantee, making such partnerships financially unfeasible.
This volume demand stems from the high upfront costs involved in developing and manufacturing
advanced camera systems, which camera makers need to recoup through large-scale production
agreements.

Strategic Solution:

To address this challenge, smaller manufacturers might consider forming a consortium that can
collectively negotiate with camera producers, presenting a united front that guarantees larger
volumes and makes collaboration more appealing. Such a consortium could potentially level the
playing field, allowing access to advanced camera technologies that are currently monopolized by
the market leader. Additionally, investing in modular camera designs that can accommodate
various types of camera technologies could also be a strategic move. This approach would not only
diversify the product range offered by smaller manufacturers but also attract a broader customer
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base, thereby increasing the potential sales volume and making partnerships with top-tier camera
makers more viable.

VIDEO TRANSMISSION

A critical aspect of drone technology is the ability to transmit high-quality video in real time,
which is indispensable for applications such as live surveillance, inspections, and videography.
However, the transmission of video data presents significant technical challenges, primarily due to
the relatively low data bandwidth of the wireless connection between the drone and its controller.
This bandwidth limitation necessitates the efficient compression and decompression of video to
ensure rapid and clear transmission without latency or loss of quality.

The need for specialized hardware to handle these compression and decompression tasks poses
a further challenge. Much of this technology requires significant investment in research and
development, often involving advanced chipsets designed specifically for this purpose.
Unfortunately, many of these technologies are produced overseas, which can introduce supply
chain vulnerabilities and limit access to preferred sourcing options due to geopolitical and
economic factors.

Strategic Solution:

To circumvent these challenges, drone manufacturers could benefit from developing proprietary
video compression technologies. This approach would not only reduce dependency on international
suppliers but also provide a unique selling point in the drone market. Collaborating with
telecommunications and technology companies could also distribute the costs associated with
R&D, while accelerating the development and integration of these technologies. Furthermore,
exploring advanced software solutions to optimize existing compression techniques could improve
performance and reliability of video transmission, enhancing the overall functionality and appeal
of the drones.

DRONE BATTERIES

The efficiency and operational capacity of drones are heavily reliant on the performance of their
batteries, specifically the gravimetric energy density, which determines how much energy a battery
can store per unit of weight. Flight time is directly proportional to this energy density—the higher
the gravimetric energy density, the longer a drone can remain airborne without needing a recharge.
This is particularly crucial for applications that require extended flight durations such as long-range
surveillance, aerial photography, and continuous data collection over large areas.

However, achieving high gravimetric energy density in drone batteries poses significant
challenges. The development and production of such high-performance batteries involve
substantial costs and are economically viable primarily for manufacturers who can produce at large
scales. Smaller drone manufacturers often struggle with this, as they cannot promise the sales
volumes necessary to justify or cover the high initial investment required for advanced battery
technology development.

Strategic Solution:

Collaborations with innovative energy companies and startups focused on next-generation
battery technologies could reduce the financial burden of such ventures. Moreover, advocating for
and participating in industry-wide initiatives aimed at standardizing battery technologies could help
decrease costs and increase the accessibility of high-performance batteries.
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REMOTE ID

Remote Identification (Remote ID) technology serves as an electronic license plate for drones,
providing crucial information about the drone's identity and location to other aircraft, regulatory
authorities, and potentially the general public. Despite its importance for safety and compliance in
increasingly crowded skies, the standardization of Remote ID technology has not been achieved
globally. This lack of uniformity forces drone manufacturers to develop their own integrated solu-
tions, leading to significant duplicated efforts across the industry.

Each drone's Remote ID must align with the specific regulatory requirements of the markets in
which it operates. This fragmentation means that a drone designed for one market might need sig-
nificant modifications to its Remote ID system before it can be introduced into a different market,
complicating the process for manufacturers who seek global distribution. The necessity to custom-
ize these systems for various regulatory environments not only increases the cost and complexity
of manufacturing but also delays the time to market for new and innovative drone products.

Strategic Solution:

A collaborative approach among drone manufacturers and regulatory bodies could be instru-
mental in addressing these challenges. By advocating for and participating in the development of
global standards for Remote ID, the industry could reduce redundancy and streamline the integra-
tion of this technology across different markets. Establishing a unified standard would not only
decrease the regulatory burden on manufacturers but also enhance the interoperability and safety
of drone operations worldwide. Additionally, forming partnerships with technology companies spe-
cializing in communication and identification systems could provide manufacturers with advanced,
adaptable solutions that can be easily modified to meet various international standards, further re-
ducing development time and costs.

CONCLUSION

As the drone industry continues to evolve, the integration of sophisticated technologies presents
significant challenges, especially for manufacturers that do not command a large share of the
market. This paper has explored some of the complexities associated with integrating advanced
drone technologies such as control systems, camera payloads, video transmission, drone batteries,
and Remote ID systems. Each of these components is critical to the functionality and marketability
of drones but requires substantial investment in research and development, often making them
inaccessible for smaller manufacturers.

The strategies proposed throughout this discussion—ranging from collaborative research and
collective bargaining to the development of proprietary technologies and advocacy for global
standardization—offer practical solutions to these challenges. By forming strategic partnerships
and focusing on innovation, smaller manufacturers can overcome the barriers imposed by high
development costs and regulatory fragmentation. Furthermore, the push for standardization,
particularly in technologies like Remote ID, could significantly reduce the redundancy and
complexity currently faced by manufacturers aiming to enter global markets.

Embracing these strategies will not only enable manufacturers to compete more effectively but
also contribute to the growth and safety of the drone industry as a whole. As we move forward, it
is crucial for industry stakeholders to work together towards a more integrated and standardized
approach that will facilitate innovation, ensure compliance, and enhance the operational capabilities
of drones worldwide. This collaborative effort is essential for the industry to meet the increasing
demands of customers and to navigate the challenges of a technology-driven future.
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