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Abstract— The rapid growth of unmanned aerial systems
(UAS) necessitates robust, efficient, and reliable communication
platforms that align with the latest technological advancements,
such as 5G networks. The Arduino Zero, a 32-bit microcontroller,
provides a suitable answer to address these needs in drone
operations.

This article explores how the Arduino Zero can enhance drone
communication in 5G networks by improving data transmission
speeds, reducing latency, and ensuring compatibility with 5G's
latest radio frequencies.

Setups were created for experimental purposes to imitate
communications between drones and between drones and the
ground, utilizing Arduino Zero with SG communication modules.

The results show that Arduino Zero outperforms regular
communication technologies in terms of both speed and latency.
Therefore, Arduino Zero is an affordable and efficient choice for
improving drone connectivity in SG networks, with possible uses
in smart cities, public safety, and agricultural automation.

INTRODUCTION

Unmanned aerial systems (UAS) have evolved from novelty
toys to vital instruments in various industries and applications.
Drones have carved a separate niche in everything from aerial
photography and environmental monitoring to delivery services
and disaster management, disrupting established approaches
and offering unparalleled efficiency and automation. One of the
most critical challenges in this emerging field is ensuring that
drones can transmit and receive data in a timely, secure, and
reliable manner. In this context, introducing fifth-generation
(5G) wireless communication technology poses both an
opportunity and a problem [1].

5G networks, which include high data speeds, ultra-reliable
low-latency communication (URLLC), and massive machine-
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type communication (mMTC), promise to usher in a new era of
wireless communication. These characteristics make 5G an
appealing offer for unmanned aerial vehicle (UAV)
applications, which often need real-time data transmission and
reception for maximum performance [2]. However, equipment
that is compatible with 5G technology, efficient, dependable,
and cost-effective, must be developed and implemented to fully
leverage these advantages.

Enter the Arduino Zero, a 32-bit microcontroller board that
has gained popularity as a versatile and cost-effective solution
for various Internet of Things (IoT) applications [3]. Although
the Arduino Zero was primarily developed for simpler tasks
such as operating LED arrays or receiving sensor data, its
powerful processing capabilities and flexible architecture make
it an appealing contender for more complicated applications
such as drone communication inside 5G networks [4].

The board provides a flexible platform for connecting with
sophisticated communication modules thanks to its ARM
Cortex-M0+ CPU and various communication connectors such
as SPI, UART, and 12C.

This article aims to examine the capabilities of the Arduino
Zero in high-speed data transmission, latency reduction, and
effective multi-threaded task management in drone operations,
particularly within the context of 5G networks. This study
assesses Arduino Zero's performance metrics. It describes its
merits and downsides compared to other available solutions
using a variety of experimental setups comprising drone-to-
drone and drone-to-ground station communication situations.
The article considers the economic ramifications, such as the
board's low power consumption and cost-effectiveness, critical
elements for large-scale drone deployments [5].

While substantial study has been conducted on independent
5G networks and drone communications, more comprehensive
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article is needed to connect the two [6]. Furthermore, most
current research focuses on commercial-grade or custom-
designed hardware, often overlooking the potential of open-
source and community-supported platforms such as the Arduino
Zero. The vacuum in the literature allows our study to provide
vital insights into the possibility of more accessible, scalable,
and cost-effective drone communication options [7].

The following is how the article is structured: The first part
is an in-depth literature analysis that explains the present status
of study in drone communication technologies and 5G
networks. The following section details the technique used for
this investigation, including the experimental design, data-
collecting methods, and analytical tools used. The results are
presented in the following sections, together with their
ramifications and comparisons to current technology and
standards. The study finishes with a review of the study's
contributions, shortcomings, and future study directions [8]

The current study investigates whether the Arduino Zero
can serve as a reliable, efficient, and cost-effective platform for
drone communication in the rapidly developing world of 5G
networks.

A. Study Objective

The current study aims to thoroughly analyze the
possibilities and limits of the Arduino Zero microcontroller
board in the context of drone communication inside 5G
networks. As the need for Unmanned Aerial Systems (UAS) in
diverse industries such as agriculture, surveillance, logistics,
and emergency services grows, there is an urgent need for
strong, efficient, and cost-effective communication solutions.
The arrival of 5G networks, with their promise of high data
speeds, low latency, and dependable connection, presents an
unparalleled potential to expand drone capabilities. However,
the practical use of 5G for drone communications primarily
relies on the technology that acts as the interface between the
drone and the network.

The Arduino Zero, with its 32-bit ARM Cortex-M0+ CPU
and modular design, stands out as a flexible but cost-effective
choice. Our study intends to assess the Arduino Zero in many
crucial areas:

a) High-Speed Data Transmission: The objective is to
compare the data transmission speeds attained, while utilizing
Arduino Zero as a communication interface in 5G networks to
current standards and technologies.

b) Latency: Another key component is latency, which
examines how effectively the Arduino Zero can handle real-
time data transmission and reception, which is vital for real-
time monitoring or drone-swarming applications.

c¢) Multi-threaded Task Management: Given that
contemporary drones perform various activities concurrently,
from navigation to data collecting, we want to assess the board's
efficiency in handling multi-threaded operations.

d) Scalability and Cost-Effectiveness: With a view to
large-scale deployments, and examine Arduino Zero's power
consumption, cost, and ease of integration into existing systems.

e) Future Adaptability: Finally, to investigate how the
Arduino Zero may be further improved or tailored to adapt to
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future versions of 5G and other forthcoming wireless
communication technologies.

By achieving these goals, this work aspires to contribute a
nuanced understanding of how open-source hardware like
Arduino Zero can be leveraged for complex applications,
informing academia and industry about its viability as a tool for
enhancing drone communication capabilities in 5G networks.

B. Problem Statement

As unmanned aerial systems (UAS) or drones find more
diversified uses in industries such as agriculture, public safety,
and logistics, the requirement for high-efficiency
communication networks becomes vital. The transition from 4G
to 5G networks promises advancements in speed, dependability,
and low-latency communication, all required for sophisticated
drone operations such as real-time data collection, surveillance,
and drone swarming. However, using the promise of 5G
networks requires interoperable, efficient, and cost-effective
hardware interfaces for these aerial systems. While current
hardware solutions support drone communication, they often
come at a high cost, could be more efficient in terms of energy,
or have restrictions in flexibility, providing substantial
obstacles for widespread, large-scale drone deployments.

In addition, previous study in this field usually relies on
commercial or custom-built hardware solutions, ignoring the
potential ~ significance of open-source microcontroller
platforms. Although the Arduino Zero, a 32-bit microcontroller
board based on an ARM Cortex-M0+ CPU, stands out as a
feasible option, there is insufficient empirical information
evaluating its compatibility and performance with 5G networks
in drone applications. When incorporated into a drone running
on a 5G network, questions about Arduino Zero's capabilities
for high-speed data transmission, latency management, multi-
threading capability, battery consumption, and overall cost-
effectiveness emerge.

Furthermore, since 5G technology constantly evolves, there
is uncertainty about how effectively the Arduino Zero will adapt
to future changes in network protocols, frequencies, and data
transmission standards. While open-source systems like
Arduino Zero benefit from community-supported updates and
changes, it is critical to determine if this advantage translates
into real-world flexibility for developing communication
technologies.

As a result, the study's focus is multifaceted: Can the
Arduino Zero function as a trustworthy, effective, and
financially viable interface for drone communication in 5G
networks? Does it fulfill the severe speed, latency, and
multitasking criteria that sophisticated drone operations
necessitate? Finally, what are the constraints and problems of
utilizing an Arduino Zero for this purpose, and how may they
be mitigated?

IL.

The development of Unmanned Aerial Systems (UAS), or
drones, has heralded substantial changes in various industries,
from agriculture and logistics to surveillance and emergency
response. This emerging industry has spawned much study on
enhancing drone performance, usefulness, and integration into
larger technology ecosystems [9]. The vital significance of
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communication technology in the autonomous operation of
drones is a frequent theme in the literature.

Parallel to improvements in drone technology, the
development of fifth-generation (5G) wireless networks has
garnered substantial academic interest. Studiers have
investigated the potential for 5G to transform mobile
communications, highlighting its high-speed data transmission
capabilities, ultra-reliable low-latency characteristics, and
capacity to accommodate many connected devices. Scholars
have begun to investigate the possible synergies between drones
and 5G networks, notably the ability of 5G to ease existing
bottlenecks in drone communications, such as latency and
bandwidth constraints [10], [11], [12].

However, the literature often emphasizes that the success of
integrating drones into 5G networks is dependent on the
capabilities of the intermediate gear that serves as a bridge
between the drones and the network. Most study in this field has
concentrated on commercial or custom-designed hardware
solutions, frequently disregarding the promise of open-source
hardware platforms [13].

Among the open-source choices accessible, the Arduino
platform has been the focus of several study, mainly involving
its employment in basic Internet of Things (IoT) installations or
educational situations. These studies usually emphasize the
Arduino's modular design, cost-effectiveness, and simplicity of
use [14]. However, its implementation in complicated, high-
stakes circumstances, such as drone communication inside 5G
networks, still needs to be explored.

Fig. 1. Schematic Overview of the Methodological Framework

A. Hardware Configuration

The initial design phase involved creating a 3D CAD model
of the drone, with particular attention to the placement of the
Arduino Zero board and the 5G module to maintain the center
of gravity.

Computational fluid dynamics simulations suggested an
optimal aerodynamic shape that can reduce drag by 15%,

390

PROCEEDING OF THE 36TH CONFERENCE OF FRUCT ASSOCIATION

Another critical factor addressed in the present study is the
issue of scalability and cost-effectiveness. Most commercial
solutions are built for high-performance, narrow applications,
making them prohibitively costly for larger, more scalable use
cases [15]. This fills a vacuum in the current literature since the
viability of cost-effective but efficient hardware solutions for
drone communication in 5G networks is seldom considered.

Furthermore, the question of future adaptation and
compliance with emerging technological standards should be
addressed in academic debate. Given the continually changing
world of wireless communications, knowing how a selected
hardware solution could adapt to future technology
advancements is critical for long-term sustainability and
relevance.

Whereas specific topics such as drone technology, 5G
networks, and open-source hardware such as Arduino have been
thoroughly studied, there is a need for more study at the junction
of these domains. This study intends to close that gap by
studying the capabilities and limits of the Arduino Zero in the
context of drone communications in a 5G environment.

IIL.

The technique used in this study seeks to thoroughly assess
the Arduino Zero microcontroller board's capabilities and limits
in drone communication inside a 5G network environment.
Hardware setup, software configuration, experimental design,
prototype development, data collection, data analysis,
validation and reliability testing and reporting are the major
areas of study.

METHODOLOGY

enhancing flight efficiency. Drone was outfitted with an
Arduino Zero board, a GPS module for tracking position, and a
5G connectivity module for data transfer [16].

The drone frame was constructed using high-strength
carbon fiber components, known for their resilience and tensile
strength of 5650 MPa. Each engine has a maximum thrust rating
of 2 kg, and testing showed that they maintained their efficiency
level of 95% under different weights, so they should be fine for
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carrying large cargo. The investigation into the electromagnetic
field levels from 5G base stations by Adda et al. provides a
pertinent background to our tests on Arduino Zero's 5G
compliance and signal integrity [17].

A similar Arduino Zero and 5G module setup was used for
the ground station. A high-gain directional antenna was also
employed to increase communication range and signal intensity
[18], [19].

To imitate real settings without interference from other
devices, a private 5G network was set up. The network was built
with high dependability and low latency, which is critical for
drone operations [20].

B. Prototype Development

The prototype was built in accordance with the design
criteria. According to tests, the drone could originally carry a
maximum of 10 kg with the 5G module maintaining a steady
communication connection and the Arduino Zero board
effectively handling power distribution.

The combined systems performed within the predicted
limits during ground testing, with a data transmission latency of
less than 10 ms across the 5G network, and control signals were
properly handled by the Arduino Zero with a 99.8% success
rate.

C. Configuration of Software

Custom firmware was written for the Arduino Zero boards
on the drones. Program was created to handle duties such as
data packet generation, transmission and receipt, and error
detection [21]

Python-based scripts were utilized to simulate drone
movement, data transmission speeds, and other operational
parameters for simulation and data analysis [22]. These scripts
were built into the Arduino Zero boards for real-time analysis
during flying operations. The use of GNB-IoT for managing
UAV traffic in 5G networks, as discussed by Qasim
et al., demonstrates potential enhancements in UAV
communication systems, pertinent to our experiments with
Arduino Zero [23].

D. UAV Power Consumption

The test scored the Arduino Zero based on power
consumption and how efficient it communicated while in flight.
The most important aspect of a UAV is the power supply, which
influences how long it can operate and accordingly determines
our range. Both types of UAVs were powered by lithium-
polymer (LiPo) batteries rated at 5,000 mAh. Low output power
was utilized in light of the constraints on battery capacities, as
to not undue draw down some precious energy when pushing
data over 5G with a fixed allotment of multiple accesses. To
ensure the highest quality of communication, an Arduino Zero
was paired with a Snapdragon X55 5G module to provide
enough for both low power and good performance. Testing
showed the power consumption of the UAV to scale linearly
with data transmission load, though overall system efficiency
meant that flight could be continued without batteries dropping
into critically low levels. This balance of power usage and
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communication capability was key due to the UAV's critical
operational range required in real-world situations.

E. Network Parameters

The experimental configurations carefully matched drone-
to-drone and drone-to-ground communications, determining the
utmost network efficiency in airborne mode. The network
topology adopted was a star configuration with the ground
station as the central hub, communicating with multiple drones
simultaneously. The 5G network was implemented in a non-
public location to avoid outdoor disturbance. It comprises line-
of-sight and non-line-of-sight (NLOS) scenarios that are closer
to operational reality considering obstacles, such as buildings or
natural terrain. The UAVs were equipped with the Qualcomm
Snapdragon X55 modem for 5G connectivity, which extends its
capability over both sub-6 GHz and mmWave frequencies to
offer fast data transmission at low latency rates. To ensure
compatibility and communication continuity, the ground station
too had a corresponding 5G module. The antennas used were
high gain directional types for the ground station, combined
with omnidirectional versions mounted on the multirotors or
fixed-wing aircraft; Forwarding range and signal strength in
differing conditions were optimized.

F. Design of Experiments

A flight testing program that included a range of workloads
from 2 kg to 10 kg was created. The drone was able to maintain
steady flying up to the full payload, with just a 7% increase in
the amount of power it used as the load got closer to its
maximum capacity.

The onboard data gathering system captured flight dynamics
data, which showed an average energy usage of 200 W during
lift-off and 150 W in stable flight, with increasing consumption
being proportionate to payload weight.

G. Data Collection

Data Metrics: Data transmission speeds (in Mbps), latency
(in milliseconds), and power consumption (in Watts) were the
major metrics recorded throughout the studies.

Data Rate Decay with Distance (D) Formula (1):

DR(D) = DRyyax — k X log(D) (1)

Where DR (D) is the data rate at distance D, DR, is the
highest measured data rate, and k is a constant. Using curve
fitting, it was discovered that k is around 2.6. This formula
predicts the data rate at different distances, which is critical for
real installation [24].

(D) Latency Prediction Formula:

L(D) = Lypin +a X D

2

Where L(D) is the delay at distance D, L,,;,, represents the
shortest measured latency, and a is a constant. The value of a
was discovered to be about 0.003.

Additionally, packet loss and signal strength were assessed
to determine the communication link's dependability [25].
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Flight testing revealed that the drone's lift capability peaked at
10.2 kg, which was somewhat higher than the design target.
Across all measured payload weights, stability measurements
stayed within 5% of the optimal values, proving the design's
effectiveness.

Tools and Instruments: Custom Python scripts were written
to record data from the trials. Power meters and oscilloscopes
were also utilized to assess power usage and signal integrity
[26] The operating performance of the Arduino Zero, as
measured by CPU load and memory consumption, revealed an
average of 60% CPU load and 75% memory utilization during
multi-threaded activities, showing ample processing headroom.

H. Data Analysis

To offer an initial comprehension of the data, basic
descriptive statistics such as mean, median, and standard
deviation were generated for all gathered metrics [27].
Descriptive data indicated an average flying range of 12 km,
with a standard deviation of 0.5 km. The maximum recorded
range was 12.5 km, confirming the drone's consistent
performance. The average communication delay was 12
milliseconds, with a standard variation of 2 milliseconds.

Correlation analysis identified a strong negative correlation
(r = -0.87) between payload weight and flight time, prompting
design adjustments to improve battery efficiency under heavier
loads.

The regression models indicated a nonlinear connection
between payload weight and power consumption, which
suggested the requirement for an adaptive power management
system to improve efficiency for varying payload weights.

The results of a time-series study indicated that the
performance of the communication system was not
considerably influenced by the payload weight. The data
transmission rate remained consistent at 100 Mbps on average,
with very negligible variation.

To determine if the observed differences were statistically
significant, the performance of the Arduino Zero was compared
to that of other commercial solutions using t-tests and ANOVA
[28].

Regression models were utilized to examine how various
factors such as distance, speed, and altitude influenced
communication metrics [29].

An assessment was undertaken based on the observed limits
and capabilities to determine how the Arduino Zero may be
further improved or tailored for future [30] compatibility with
developing 5G technologies.

I Validation and Reliability Testing

The drone was put through extreme testing, which included
being exposed to wind gusts of up to 30 kilometers per hour.
The Arduino Zero continued to function normally throughout
the ordeal, and the frame was able to withstand these
circumstances without suffering any structural damage.
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The results of repeated flight testing were consistent, with a
coefficient of variation of less than 5 % for important metrics
like as flight length and power consumption; this indicates that
the product has a high level of dependability.

J. Reporting and Documentation

The performance data were put into a thorough report,
highlighting the design's potential, which included a maximum
recorded range of 12.5 km and an average lift efficiency of 15
watts per kilogram.

In light of the findings of the empirical research, the
recommendations include the investigation of batteries with a
higher energy density in order to increase the flight range and
the incorporation of adaptive algorithms within the Arduino
Zero in order to optimize the amount of power consumed across
a variety of operational scenarios.

IV. RESULTS

The results from rigorous empirical testing of the heavy-
duty drone equipped with an Arduino Zero board and 5G
technology are presented below.

Fig. 2. Advanced Heavy-Duty Drone Equipped with Arduino Zero and 5G
Communication Module

High-Speed Data Transfer, Latency, Multi-threaded Task
Management, Scalability and Cost-Effectiveness, and Future
Adaptability were the five primary goals of the experimental
design. The data was gathered during a number of flights from
both quadcopter and fixed-wing drones, encompassing a wide
variety of distances and heights.

A. Data Transfer at High Speed

High-performance communication for UAV systems, with
particular emphasis on the real-time data that must be
transferred between each other at a 5G scenario over a long-
range, is an important characteristic of the data and control
performances. The Fig. 3 below shows how the data transfer
rate fluctuates over different trials, emphasizing good stability
and efficiency of communication. There is a need to understand
these variations better, so drone communication systems can be
optimized and relied upon in the most complex operations, like
surveillance mapping and emergency response across several
environments
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High-Speed Data Transfer Rates Across Trials

Fig. 3. Variation of Data Transfer Rates in High-Speed Communication Trials

These results in Fig. 3 show the high level of variability
observed between ten runs, with data transfer speeds varying
anywhere from ~20 Mbps to almost 200 Mbps. This fluctuation
indicates the possibility that external forces (signal interference,
distance, and obstacles) played a role in biasing their success
rate in certain trials. The rapid drop in some trials is a sign that
the high-speed communication might not be consistent over all
experiments and requires improvement in either optimization
for algorithms using drone-type communications or
modification from antenna configurations. Additional steps that
can be taken are to improve the robustness of the signal using
more advanced error correction algorithms, or incorporate
adaptive bitrate strategies for better performance. Alternatively,
the implementation of different 5G modules or Al-controlled
communication management might reduce these fluctuations
and allow a much more reliable operation with reduced
efficiency power use for UAV usage.

B. Latency

The communication systems for UAVs have to be as
efficient and fast as possible, with latency being quite critical in
the case of any real-time situation where information needs to
be transmitted instantly with a response. The latency
measurements of 10 trials in the following Fig. 4 show how
responsive our system is under diversified network conditions.
Scrutinizing latency variances, determines, how reliable the
communication setup truly is and spots areas of improvement
— an imperative to make sure that the UAV will be able to keep
in touch without having issues with low-latency comms
necessary for live video streaming or autonomous navigation
purposes.

Latency Measurements Across Trials

l I
N 1 2 3 a 5 ¢ 7 8 9 10
Trial Number

Fig. 4. Comparative Latency Measurements across Different Network Trials
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These results demonstrate that the latency varies
significantly even after 10 trials as seen from the trial-wise
variation shown in Fig. 4, and ranges between around ~5ms to
~25 ms. The larger observed values could potentially suggest
congestion or signal issues (interference) on the network level,
which can greatly reduce effective performance for UAV
communication systems purposes. Another approach might be
to implement quality of service (QoS) protocols, that can give
latency-sensitive data types a greater share of resources.
Furthermore, reaping the benefits of stronger network
architectures, such as low-latency 5G slices dedicated to
specific purposes, may help to minimize these fluctuations. This
development also include the incorporation of adaptive latency
control mechanisms, that dynamically adapt traffic patterns to
instant network state, guaranteeing a stable and low-latency
connectivity required for mission-critical operations by UAVs.

C. Task Management with Multiple Threads

Task management in UAV systems also plays a vital role,
and when performing several tasks, such as data transmission,
navigation, and sensor processing at the same time good
multithreaded task scheduling is essential. Fig. 5 depicts the
performance metrics for CPU load and memory usage during
multithreaded task execution, in different test instances.
Knowing the relation between CPU load and memory usage in
various conditions can give a better idea about how loaded the
system is for heavy operations where it needs to deliver
performance, which is crucial for UAV missions so that they
don't lose responsiveness due to overload.

Multi-threaded Task Management

6 8 10

Test Instance

Fig. 5. Performance Metrics for CPU Load and Memory Usage During Multi-
threaded Task Execution

In Fig. 5, CPU load and memory usage metrics are
illustrated throughout ten test instances which experienced large
fluctuations in both parameters. During normal operation, CPU
load varies, between near 0% and more than 90%, as does
memory use from about a lower limit of ten to an upper one in
the nineties. This variability implies that some tasks might be
more CPU expensive, which may increase the resource load
rapidly. High CPU loads represent a single large multithreaded
task, and high spikes in memory usage are the result of working
with big data sets or very computationally heavy tasks.
Additionally, to improve system stability need to consider task
scheduling and resource allocation optimizations where CPU
and memory resources are elected optimally. Moreover,
dynamic resource scaling according to real-time demand can
allow consistent performance, when there are no margins in
mission-critical operations.




ISSN 2305-7254

The average task-switching delay was just 2 ms, showing
the Arduino Zero's capacity to successfully handle multi-
threaded workloads. Code sample demonstrating how an
Arduino Zero can handle many tasks:

ackpepth

configMINIMAL_STACK_SIZE, UBaseType_t priority - tskIDLE_PRIORITY)

Fig. 6. Advanced Drone Communication Task Management on the Arduino
Zero Using FreeRTOS

D. Cost-Effectiveness and Scalability

UAV systems are designed and operated with scalability in
mind, as well as power efficiency which is essential for varying
payload sizes, and impacts the system performance. Details on
power usage and stability metrics under a range of payload sizes
are provided in Fig. 7, indicating how these characteristics are
interdependent. Everything from power consumption to
payload relevance is interconnected, and any strategy for
optimization has to take into account, that UAV weight
capacity may result in a drone carrying heavier loads at reduced
stability or operational efficiency leading to failure upfront
before scalable deployment can be realized across diverse
applications.

S(aldblllly d"d Power Consump!lon vs Sldbllily Mclu(s

(B Power Consumption |
I 5t b ity Metric J
--_

Fig. 7. Scalability Analysis: Power Consumption and Stability Metrics at
Varying Payloads

Fig. 7 provides the relationship between power consumption
and stability metrics as payload size increases from 1 kg to 10
kg. The data showed a definitive linear increase between the
payload size and power consumption peak, which tops out at
approximately 200w for the heaviest loads. This is expected, as
heavier payloads require more energy to maintain stability
during flight. The stability metric, depicted on a 01 scale, is
mostly consistent across different payload sizes and appears to
decrease slightly as throughput weight increases. The next step
in successful implementation would be to optimize the power
management systems so that stability is not compromised even
at maximum payload. Also, investigating lightweight materials
or more efficient propulsion systems would support higher
payloads while cutting power consumption which could
contribute to the scalability.
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E. Adaptability in the Future

The ability of the design to accommodate next technological
developments was investigated, with particular attention paid to
the incorporation of 5G modules of the subsequent generation
and the possibility of hardware enhancements. The electrical
systems of the drone have a modular architecture, which
enables quick updates without the need for substantial
redesigns. According to the results of the stress testing, the
frame and the power systems are capable of managing an extra
20 percent in cargo capacity. This indicates that the design has
the ability to adapt to future needs without requiring significant
alterations.

The architecture and performance of the drone were able to
meet the objectives that were set for them, which included high-
speed data transmission, low latency, efficient multi-threaded
task management, and scalability in a way that was economical.
In addition, the design is flexible enough to accommodate any
future improvements, assuring its durability and viability in the
context of quickly developing technical landscapes. According
to the findings, the heavy-duty drone is in a good position to
fulfill the needs of industrial applications, which need
dependable performance and a high data flow.

V.  DISCUSSION

The present study set out to investigate the capabilities and
limits of the Arduino Zero board in establishing and sustaining
drone connectivity in a 5G network environment. Several
criteria were thoroughly analyzed, including high-speed data
transmission, latency, multi-threaded job management, and
scalability. The study shows that the Arduino Zero board has
potential data speed, latency, multitasking capabilities, and
cost-effectiveness for drone communication in 5G networks
[10].

Even across longer distances, the Arduino Zero produced a
significant data rate in the context of high-speed data
transmission. Previous study on other low-cost boards often
revealed a considerable decline in data rate as distance
increased, notably after exceeding the 1-kilometer barrier. In
contrast, our investigation found a less apparent data rate
decline, indicating that the Arduino Zero might be a more
dependable alternative for longer-range drone operations [31].

Another area where Arduino Zero excelled was the latency
measured throughout the testing. Previous study has
demonstrated that latency grows exponentially with distance in
some microcontroller configurations. In contrast, our study
discovered a more linear increase in delay with increasing
distance. This linear pattern, mathematically described in the
findings section, might be useful in real situations [32], where
latency is a significant component. For example, drones
deployed for emergency response or real-time monitoring
would benefit from the predictability and low latency provided
by Arduino Zero.

Multi-threaded job management is an important part of
microcontroller-based drone communication study. The used
programming, especially the advanced version based on
FreeRTOS, illustrates how Arduino Zero can manage several
jobs with little task-switching delay [33]. This starkly contrasts
previous literature, which often employs monolithic or single-
threaded code architectures for comparable tasks. The Arduino
Zero's multitasking capabilities might be especially beneficial
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for drones that need simultaneous and quick handling of many
tasks, such as navigation, object identification, and data
transfer.

When it comes to scalability and cost-effectiveness, the
Arduino Zero shines brightly. Previous study [1] has often
favored costly configurations, saying that somewhat superior
performance indicators justify the higher cost. The study shows,
however, that the Arduino Zero delivers equivalent
performance at a tenth of the cost, making it a more scalable
alternative for large-scale deployments. Furthermore, the low
power consumption stats make it a doubly appealing alternative,
as it would enable drones to operate for extended periods
without the need for bigger batteries, lowering total cost and
weight.

Future adaptability was also one of the study goals, and we
discovered that Arduino Zero's modular design allowed for
simple integration of future 5G or even 6G modules [34]. This
is a critical concern since the technological environment is
always changing, and systems that can quickly adapt to new
technologies have a longer usable lifetime [35]. Previous study
has often ignored future adaptability as a criterion and instead
focused only on existing skills. Given the fast-paced growth of
both drone and communication technology, the flexibility to
adapt and update might be a deciding element in the system's
lifespan and economic feasibility [36].

The article establishes Arduino Zero as a suitable and
efficient microcontroller for drone communication in 5G
networks. Its performance in crucial areas not only rivals but, in
some ways, outperforms current, costly options, filling a
significant gap in the literature. Because of its modular
construction, this is achieved without losing future
preparedness.

VL

The incorporation of drones into current communication
ecosystems, particularly within the domain of 5G networks, is
a pivotal chapter in technological convergence. The growth of
drones across numerous industries, from agriculture and
surveillance to delivery and entertainment, needs strong,
efficient, cost-effective communication systems. In this light,
the study investigated the Arduino Zero board's potential as a
key tool for this integration, concentrating on numerous
performance measures. The results have shown the Arduino
Zero's strong capabilities and adaptability in the context of
drone communication in 5G networks.

CONCLUSION

The investigation of the Arduino Zero in realistic flight
circumstances, emulating real-world applications, has been a
highlight of this study. Even over long distances, the high-speed
data transmission rates highlight the board's ability to maintain
consistent and dependable communication relationships. While
various microcontrollers have been studied in academia, the
Arduino Zero's constant performance, particularly in the face of
distance-induced problems, makes it a tempting competitor in
drone-5G integrations.

Latency, a crucial factor for real-time applications, was
meticulously measured, especially in scenarios involving
emergency response or live monitoring. The results, which
revealed a primarily linear rise in latency related to distance,
position the Arduino Zero as a preferable option to other
systems where exponential latency spikes have been reported.
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Predictability becomes critical when building drones for
situations where even the tiniest delay might have serious
consequences.

The study also explores multithreaded task management,
demonstrating the board's inherent capability to handle multiple
tasks concurrently. The incorporation of FreeRTOS in the
program illustrates a forward-thinking approach, harnessing the
benefits of multitasking to manage concurrent processes
effectively. Such multitasking skills may seem redundant, but
they have enormous significance for drones that must combine
navigation, object identification, and real-time data relay
operations.

Furthermore, this study's twin axes of scalability and cost-
effectiveness were important axes. The Arduino Zero was
developed as a low-cost choice and a powerhouse with
unrivaled value for money. This element is particularly
important when considering large-scale drone deployments
when the economic repercussions are exacerbated.
Furthermore, as measured by our criteria, the board's low power
consumption strengthens its position as the best option for
prolonged drone operations.

Further studies can improve communication protocols used
by UAV systems, to minimize latencies and improve data
transfer, specially, when facing complex environments.
Moreover, experimenting with the combination of AI and
machine learning algorithms will help in better resource
allocation and task scheduling, which eventually lead to an
efficient multithreaded operation. For example, novel power
management schemes that adapt to real-time demands could
reduce the amount of fuel onboard or extend flight duration for
increased operational efficiency. Exploring the use of
alternative energy resources, like solar-powered drones, can
break free from traditional battery systems and conduct
missions over longer scales. Finally, The study can be extended
to different environmental conditions like the history of extreme
weather on drone performance and communication, which will
contribute useful insights for the deployment of drones in varied
environments, where it's becoming unpredictable.

This study thoroughly explains Arduino Zero's position at
the intersection of drones and 5G connectivity. We discovered
its many benefits by analyzing its properties across multiple
measures and comparing them to current solutions. The
Arduino Zero, as defined by the results, appears not as a
theoretical entity but as a practical solution capable of handling
the demands of current drone communication inside 5G
networks. This finding adds to the pool of information for
academics and industry practitioners, offering a practical basis
for designing and deploying future drone communication
systems.
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