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Abstract

The use of autonomous unmanned aerial vehicles (UAVs) can offer innovative solutions to various problems, providing operational and
financial benefits, as well as agricultural and military advantages in surveillance and logistics. Since they depend on wireless networks for
real-time data processing and distributed control, UAVs have become so ubiquitous that they present serious cybersecurity risks. Poorly
designed UAV systems offer hackers fresh possibilities to launch cyberattacks, while GIS spoofing opens channels for data breach exploits
that result in communication failures. Critical applications needing exact data and control parameters suffer operational hazards on system
performance, reliability, and safety standards, given the dependence on unmanned aerial vehicles. The different risks to UAV networks
with respect to cybersecurity and their effects on operations are covered in this article. Using an analytical approach, researchers found
risks and evaluated them to design security measures suitable for the unmanned aerial vehicle system. The research explains why
unauthorized access to UAV communications and data accuracy must be defended by encryption algorithms, together with more rigorous
authentication methods and intruder detection systems. The paper proposes a series of realistic security procedures that companies from
several sectors can implement to counter growing threats and maintain UAV networks in a state of operational safety and system flexibility.
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1. Introduction

Autonomous Unmanned Aerial Vehicle (UAV) networks help several sectors, from defense to agriculture, track environmental shifts, ex-
pedite logistics, and take advantage of defense features, helping them [1]. Their operational flexibility, as well as cost savings and efficiency
gains, help many sectors to use UAVs [4]. When incorporated into crucial infrastructure, UAVs present major structural safety issues that
can affect their performance readiness [2]. UAVs face several cyber assault threats due to wireless data transmission, including on-board
sensors and cloud-based real-time computing [3]. These menaces consist of hacking attempts, communication jamming, GPS spoofing,
and data falsification directed at drone safety and operational integrity [15]. The distributed nature of control centers operating UAVs is
challenging because these assets perform surveillance tasks across military domains and infrastructure inspection and environmental mon-
itoring [8]. Drone network success depends on establishing node-to-node connectivity and safe data transmission that upholds permanent
operational safety metrics [5].

2. Problem statement

Modern UAVs are vulnerable to cyber threats due to unsecured communication protocols and data transfer, and control systems. Real-time
data processing exposes UAVs to hacking and spoofing threats and jamming incidents, which are accelerated by their wireless communi-
cation systems and result in unauthorized access attacks. Autonomous UAVs operate with minimal human interface, yet are vulnerable to
security threats because cyber-attacks can access and command these autonomous systems [14]. Security flaws in these critical applications,
such as military operations, infrastructure surveillance, and environmental management, pose huge risks for unacceptable consequences
[7]. Implementing security solutions is hard because UAV systems have distributed architecture components connecting multiple parts of
their operational structure [6]. While many studies advocate GPS spoofing countermeasures such as antenna nulling or signal verification,
few address their limitations in swarm UAV scenarios with shared GPS inputs. Furthermore, existing works rarely consider energy trade-
offs in encryption frameworks. A critical gap is the underuse of real-time Al models trained on UAV-specific telemetry datasets. Founda-
tional frameworks provided the first taxonomy of UAV networks but lacked cybersecurity dimensions, necessitating more integrated mod-
ern reviews.
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3. Review of literature

The gaps identified in the literature—especially regarding real-time anomaly detection and blockchain feasibility—directly shaped the
methodological approach of this study. Section 4 details how a multi-criteria evaluation framework was built to address these shortcomings.
Spoofing Attacks: GPS spoofing and additional spoofing attacks manipulate UAV systems via manipulated navigation and communication
data components specific to the operational environment [16]. A spoofing attack enables adversaries to manipulate UAV trajectories toward
unexpected regions while also enabling them to acquire control of systems to modify aircraft flight paths. Due to exclusive GPS signal
dependence for navigation, UAVs face serious operational challenges in response to GPS spoofing attacks. Through adjustments to crucial
operational data, attackers produce mission failures and intense operational disruptions that have the strongest effect on military surveil-
lance capabilities and commercial delivery services [9]. The prevention of spoofing needs accurate validation systems linked with protected
communication standards to defend navigation channels.

Data Integrity: UAV systems must retain perfect data integrity throughout their operational period because accurate real-time information
continues to be vital for military reconnaissance operations in addition to environmental research initiatives. The transfer of UAV data
between UAVs and control stations remains at risk for interception by man-in-the-middle attackers who then use their stolen data to create
confusion in operational feedback and flight operational decision-making during continuous flight operations [10]. The application of UAV
systems at national security and disaster response levels suffers critical consequences from any unauthorized alterations to collected data.
Data validity alongside protocol encryption and algorithmic hashing, and monitoring protocols ensures information integrity protection
against unauthorized alterations.

Denial of Service (DoS) Attacks: When operators launch Denial of Service (DoS) attacks, they overload UAV mechanisms with made-up
network traffic, which disrupts their regular functioning procedures. RTL data and cloud-processing UAV systems are vulnerable to DoS
attacks because excessive fake requests consume resources and cause system failures and shutdowns [11]. Technological event sequences
caused by DoS attacks make UAV control unstable and result in uncontrolled states where UAVs deviate from their operational objective.
Protection systems must prevent attacks first because attacks create operational risks during defense-critical moments, where maintenance
cycles cause big operational disruptions.
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Fig. 1: UAV Cybersecurity Methodology.
4.1. Threat identification

To protect the UAV network infrastructure, you need to know the major threats first. The three main external threats to UAVs are hackers
who steal data and use it to disrupt operations and get valuable information from UAVs. Water supply operations face primary internal
threats from system failures combined with intentional interference from authorized personnel who operate and maintain UAVs. System
failures occur from equipment malfunction and authorized personnel taking unauthorized actions. Along with pollution, UAVs face two
primary external threats: Weather instability creates unpredictable conditions and electromagnetic disturbances that break communication
and control vehicle functions. Knowing the current threats means better security implementations to keep UAVs operational and safe.
Threat Classification Matrix: This figure 1 categorizes common UAV vulnerabilities using impact vectors such as data integrity, control
system takeover, and service disruption.

4.2. Countermeasure development

Many security measures have been proposed to address threat detection and risk assessment needs to protect UAVs. To protect data trans-
mission between UAVs and their control stations, encryption methods provide end-to-end secure communication. MFA authentication
systems and blockchain-based approaches should secure UAV system access as they verify that only authorized personnel manage UAV
control systems. Threats were classified based on severity, exploitability, and impact, adapted from the Common Vulnerability Scoring
System (CVSS v3.1). Ratings in Tables 1-3 were derived through a Delphi method involving cybersecurity experts and a review of case
studies. Figures 14 illustrate the evaluation workflow, threat hierarchy, and rating criteria. For example, Image2.png outlines the threat
classification matrix used during expert panel discussions.
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5. Result

5.1. Agricultural UAVs

Agricultural UAVs perform three critical missions of growth monitoring, alongside soil assessment and irrigation determination. These
system infrastructures remain at risk due to both data manipulation activities and unauthorized access attempts, thus leading to faulty
statistical agricultural data and revenue losses. For lightweight encryption, symmetric key algorithms such as AES-128 and the SPECK
cipher are often preferred due to their low computational overhead suitable for UAVs’ limited resources. Public key cryptography (e.g.,
ECC) is occasionally deployed in hybrid models to enhance key exchange security. Regarding blockchain, its implementation in UAVs is
limited by latency and energy constraints. However, permissioned blockchain frameworks like Hyperledger Fabric offer a more scalable
approach. [15] proposed an Al-integrated blockchain architecture where anomaly detection is embedded within a distributed ledger frame-
work, enhancing tamper-resistance while minimizing processing burden.

The following table displays the threat likelihood, impact, and efficacy of the recommended countermeasures:

Table 1: Threat Likelihood, Impact, and Countermeasure Effectiveness for Agricultural UAVs

Threat Likelihood (1-5) Impact (1-5) Countermeasure Effectiveness (1-5)
Data tampering 4 5 4
Unauthorized access 4 4 5
Data interception 3 5 4
Sensor failure 3 3 4

5.2. Military UAVs

High-risk military UAV missions face two main security threats: GPS spoofing alongside illegal control attempts, which could cause
mission failure or drone seizure incidents [12]. The table below summarizes the risk assessment for military UAVs:

Table 2: Threat Likelihood, Impact, and Countermeasure Effectiveness for Military UAVs.

Threat Likelihood (1-5) Impact (1-5) Countermeasure Effectiveness (1-5)
GPS spoofing 5 5 5
Unauthorized control 4 5 4
Signal jamming 3 4 4
Network breaches 3 5 4

5.3. Logistics UAVs

Due to their susceptibility to denial-of-service attacks and data integrity issues, Logistics UAVs suffer operational instability and distribu-
tion breakdowns. The table below shows the severity of these dangers and the efficacy of countermeasures:

Table 3: Threat Likelihood, Impact, and Countermeasure Effectiveness for Logistics UAVs.

Threat Likelihood (1-5) Impact (1-5) Countermeasure Effectiveness (1-5)
Denial of Service (DoS) 4 4 5
Data manipulation 3 4 4
Communication interference 3 5 4
Payload theft 2 5 4

1 = minimal impact or likelihood; 5 = critical impact or highly probable occurrence, based on expert consensus and literature
trend analysis.

6. Conclusion

Strong cybersecurity measures have emerged as essential because UAV network adoption continues to expand into industrial sectors.
Wireless network real-time processing requirements, when coupled with self-contained functionalities, generate particular security chal-
lenges for such systems. This includes data manipulation, defense against GPS hijacks, denial of service attacks, and unauthorized access
incidents, and shows how to prevent them. By combining threat identification and defensive system development, this research provides a
framework to build safer UAVs. This system structure protects vulnerabilities across UAV network systems for military and agricultural,
and logistical use to ensure safe operation. Future UAVs need future cybersecurity solutions. Future research needs to combine modern
security protocols, including blockchain, to ensure independent administration and complete data security. Artificial intelligence systems
show immense potential for identifying anomalies in real-time, which helps security teams prevent upcoming cyber attacks [13]. Enhanced
security methods through continuous threat-level adaptations will guarantee the reliability of UAV networks, which enables safe integration
into critical operations. Future research should benchmark lightweight encryption schemes like LEA or PRESENT under various UAV
processor loads. Moreover, real-time anomaly detection models such as federated learning-based LSTM networks must be tested on UAV
telemetry data. Additionally, blockchain frameworks should be evaluated for real-world feasibility by measuring processing latency and
energy overhead on UAV testbeds.
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