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Abstract: 

The integration of Artificial Intelligence (AI) into tactical communications and networking has redefined military 

operations, offering advanced capabilities for real-time decision-making, enhanced situational awareness, and 

secure data transmission. This research explores the potential and impact of AI technologies on defense 

communication infrastructures, focusing on key applications such as radar-based data transmission, UAV-

assisted relay systems, and the fusion of AI with emerging technologies like the Internet of Things (IoT), 

blockchain, and augmented reality (AR). AI-enhanced systems facilitate the automation of threat detection, 

dynamic encryption, and autonomous decision-making, significantly improving operational efficiency and 

security in contested environments. However, the deployment of AI in military contexts also raises critical 

challenges related to adversarial threats, ethical concerns, and interoperability across multinational forces. This 

study provides an in-depth analysis of these advancements and challenges, offering insights into the future of AI 

in defense communications and its potential to reshape the battlefield. The paper concludes with a discussion of 

the technical, ethical, and strategic considerations necessary for the responsible and effective implementation of 

AI in military operations. 

Keywords: AI-driven communication networks, Situational awareness, Autonomous decision-making, Radar 

systems in defense, UAV-assisted relay systems, Military cybersecurity 

 

I. Introduction 
1.1 Background 

The integration of Artificial Intelligence (AI) into tactical communications and defense networking 

represents one of the most significant technological shifts in modern military doctrine. With the emergence of 

increasingly complex and asymmetric warfare environments, traditional communication paradigms have proven 

insufficient in ensuring rapid, secure, and context-aware responses. Consequently, AI has emerged as a strategic 

enabler, allowing for real-time data processing, autonomous decision-making, and enhanced situational awareness 

across operational theaters (Monzon Baeza et al., 2025). In contemporary defense scenarios, military units are 

often required to operate in dynamic, high-threat environments where communication systems must be agile, 

resilient, and capable of adapting to evolving threats. AI addresses this imperative by automating the collection, 

analysis, and dissemination of large volumes of heterogeneous data from diverse sensors and platforms (Military 

Knowledge Base, n.d.-a). This automation significantly reduces the cognitive burden on military personnel, 

enabling faster and more informed decisions. Machine learning (ML) algorithms, particularly deep learning and 

reinforcement learning, empower these systems to detect anomalies, optimize bandwidth allocation, and predict 

network congestion—functions that are vital for mission success. 

One of the critical contributions of AI in defense communications is its role in enhancing battlefield 

situational awareness. AI-driven platforms synthesize information from multiple domains—land, sea, air, space, 

and cyberspace—into cohesive operational pictures, allowing commanders to understand threats, opportunities, 

and unit positions with unprecedented clarity (Financial Times, 2025). The Joint All-Domain Command and 

Control (JADC2) initiative, for instance, underscores the significance of AI in integrating sensors, shooters, and 

decision-makers across the military spectrum. AI serves as the connective tissue in this system, facilitating 

seamless information flow and multi-layered threat assessment (Wikipedia, n.d.-a). Radar-based communication 

systems, long a mainstay of military surveillance and targeting, have also benefited immensely from AI 

integration. Traditionally reliant on manual signal interpretation, these systems now utilize AI to process radar 

returns in real-time, filtering noise and extracting actionable insights. Monzon Baeza et al. (2025) detail how AI 

algorithms can classify targets, track their movements, and even predict their trajectories, thereby improving 

operational precision. This capability is especially vital in contested or electronically degraded environments, 

where signal jamming and deception are commonly employed by adversaries. 
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Moreover, the increasing use of Unmanned Aerial Vehicles (UAVs) in military operations has expanded 

the scope of AI-driven networking. UAVs function as mobile relay nodes in tactical mesh networks, extending 

communication ranges and ensuring line-of-sight transmission in obstructed terrains. AI optimizes their flight 

paths and relaying behavior based on environmental data and mission objectives. Abohashish et al. (2023) 

demonstrated that reinforcement learning models significantly improve the efficiency and reliability of UAV-

assisted networks by dynamically adjusting positioning to maintain optimal signal coverage, even under enemy 

interference or natural obstructions. Cybersecurity in military communications is another domain where AI has 

made transformative impacts. Tactical networks are prime targets for cyber threats ranging from denial-of-service 

attacks to sophisticated infiltration by adversarial AI systems. AI-enhanced cyber defense mechanisms can detect 

and respond to such intrusions autonomously, often before human operators are even aware of the breach (Military 

Knowledge Base, n.d.-b). These systems rely on behavioral analysis and threat intelligence models to flag 

suspicious activity, enforce zero-trust architectures, and deploy automated countermeasures. Furthermore, 

blockchain technologies are increasingly being combined with AI to ensure the integrity and confidentiality of 

mission-critical data, establishing trust in decentralized and hostile environments. 

In addition to optimizing technical performance, AI enables a higher degree of operational autonomy, a 

feature that is particularly valuable in remote or high-risk deployments. AI-powered agents are now capable of 

executing entire communication protocols, including spectrum management, encryption handling, and signal 

routing, without human intervention. This autonomy not only accelerates response times but also frees human 

operators to focus on strategic-level decisions. The U.S. Department of Defense and allied forces have recognized 

this potential and are actively developing AI systems capable of interacting with human decision-makers through 

natural language interfaces and augmented reality (AR) displays (Military Knowledge Base, n.d.-a). The 

integration of AI into tactical communications does not come without challenges. Among the most pressing 

concerns are the issues of transparency, interoperability, and ethics. AI decision-making processes often lack 

explainability, raising questions about accountability, especially when used in lethal autonomous systems 

(Financial Times, 2025). There is also the challenge of ensuring that AI systems developed by different branches 

or allied nations can operate seamlessly together—a task that demands standardized protocols and shared 

ontologies (Wikipedia, n.d.-a). Furthermore, adversarial AI—designed to deceive or disable friendly systems—

presents an emergent threat that must be countered through robust testing and continual learning frameworks 

(Monzon Baeza et al., 2025). 

Despite these challenges, the military community continues to invest heavily in AI research and 

development. Programs such as DARPA’s Mosaic Warfare and NATO’s AI Strategic Initiative are exploring the 

full spectrum of AI applications, from autonomous signal routing and decision support systems to intelligent threat 

recognition and AI-augmented cyber operations. These initiatives aim to create layered and redundant 

communication infrastructures that are both resilient to attack and adaptive to changing tactical conditions. 

Furthermore, emerging technologies such as quantum computing and 6G are poised to synergize with AI, 

amplifying its capacity to manage communication complexity. Quantum algorithms may drastically accelerate the 

processing of encrypted data, while AI could use predictive analytics to preemptively reroute traffic or initiate 

countermeasures. When combined, these technologies are expected to redefine the speed, accuracy, and reliability 

of military communications, offering a decisive edge in future conflicts. The infusion of AI into tactical 

communications and defense networking is more than a technological evolution—it is a paradigm shift that 

redefines how information is collected, processed, shared, and acted upon in the battlefield. As nations race to 

develop the most intelligent and resilient military networks, the strategic value of AI will continue to grow. By 

enabling real-time, secure, and autonomous communication systems, AI not only enhances operational 

effectiveness but also ensures strategic dominance in the digital age of warfare. 

 

1.2 Significance of AI in Tactical Communications 

The deployment of Artificial Intelligence (AI) in tactical communications marks a profound evolution in 

modern defense operations. As contemporary battlefields become increasingly data-driven and multi-domain, the 

military's capacity to rapidly assess and respond to dynamic threats depends heavily on real-time information 

processing, secure transmission, and autonomous coordination. AI enhances these capabilities by enabling 

systems to operate with increased speed, precision, and resilience. This section explores three critical areas where 

AI significantly enhances tactical communication: situational awareness, secure data exchange, and 

autonomous decision-making. 

 

1.2.1 Enhanced Situational Awareness 

Situational awareness—the ability to perceive, comprehend, and project the operational environment—

is foundational to effective military command and control. AI greatly expands the scope and resolution of 

situational awareness by integrating and analyzing vast streams of data from various sources, including ground 

sensors, aerial surveillance, satellite imagery, human intelligence, and signals intelligence. Traditional systems 
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often struggled with latency and the cognitive overload associated with processing heterogeneous data. AI 

mitigates this through data fusion techniques that allow for rapid interpretation of complex environments. 

Algorithms, particularly those based on deep learning and neural networks, can classify and prioritize incoming 

data, extract patterns, and generate actionable insights (Monzon Baeza et al., 2025). These capabilities enable 

commanders to receive accurate and dynamic representations of the battlespace in real time, a function vital to 

operations conducted under high-tempo or ambiguous conditions. 

For instance, AI-enhanced geospatial analytics can identify terrain features, predict troop movements, 

and estimate enemy intent using historical and real-time datasets (Zhao et al., 2023). In joint force operations, 

where interoperability between domains is essential, AI serves as a unifying tool, aggregating inputs from the air, 

land, sea, cyber, and space domains to construct an integrated operational picture (Wikipedia, n.d.-a). This is 

exemplified in the Joint All-Domain Command and Control (JADC2) architecture, which leverages AI to bridge 

communication and decision-making gaps across military branches (Military Knowledge Base, n.d.-a). 

Furthermore, AI-driven visualization platforms—such as augmented reality (AR) overlays and holographic 

interfaces—translate analytical outputs into accessible formats for human operators, facilitating intuitive and rapid 

decision-making on the battlefield (Qin et al., 2022). These developments reflect how AI not only enhances the 

accuracy of situational awareness but also improves the usability of information in tactical decision contexts. 

 

1.2.2 Secure Data Exchange 

As cyber warfare becomes a dominant feature of modern conflicts, ensuring the security of 

communication networks is both a strategic necessity and a technical challenge. AI contributes significantly to 

securing tactical networks against a range of threats, including malware, phishing, jamming, spoofing, and 

advanced persistent threats (APTs). One of the key strengths of AI lies in its ability to detect anomalies in network 

traffic by establishing behavioral baselines and identifying deviations. These capabilities are essential for early 

threat detection in zero-day scenarios where predefined rules or signatures may not yet exist (Military Knowledge 

Base, n.d.-b). AI systems such as intrusion detection systems (IDS) and intrusion prevention systems (IPS) now 

employ unsupervised learning and reinforcement learning to continuously adapt to emerging threats (Li et al., 

2021). 

Additionally, AI enables dynamic encryption protocols, wherein encryption keys are generated and 

exchanged in real time based on changing communication patterns and threat assessments. This approach, 

sometimes referred to as cognitive cryptography, minimizes the risk of key compromise and enhances secure data 

exchange even in contested electromagnetic environments (Zhang & Xu, 2022). Moreover, AI supports the 

deployment of blockchain for decentralized identity verification and data integrity validation in military 

communication systems (Ahmed et al., 2021). UAV-assisted networks and mobile ad hoc networks (MANETs) 

are especially vulnerable due to their distributed nature and reliance on wireless transmission. AI addresses these 

vulnerabilities by autonomously managing access control, detecting jamming sources, and rerouting 

communications through secure nodes (Abohashish et al., 2023). The ability to reconfigure these networks in real-

time enhances mission survivability and ensures continuity of operations under adversarial conditions. 

Furthermore, national defense agencies are exploring AI's role in creating zero-trust architectures, where 

continuous authentication and authorization are enforced through AI-driven monitoring tools. These systems 

dynamically adjust security protocols based on user behavior, device history, and contextual data (Chen et al., 

2023). By leveraging AI for proactive cybersecurity, militaries gain a critical edge in ensuring the confidentiality, 

integrity, and availability of tactical communications. 

 

1.2.3 Autonomous Decision-Making 

AI's capability to function autonomously is perhaps its most transformative contribution to tactical 

operations. In hostile or communication-denied environments—such as undersea, subterranean, or space 

operations—AI-driven systems can maintain functionality and execute mission objectives without continuous 

human input. Autonomous decision-making in AI systems is driven by advanced algorithms that assess real-time 

data, model possible outcomes, and select optimal courses of action based on mission priorities. These algorithms, 

including deep reinforcement learning and probabilistic reasoning, enable unmanned systems—such as UAVs, 

UGVs (unmanned ground vehicles), and autonomous surface vessels—to perform navigation, target acquisition, 

and threat evasion independently (Military Knowledge Base, n.d.-c). 

Moreover, AI agents embedded in communication nodes can manage the flow of data across tactical 

networks without human intervention. These agents optimize bandwidth usage, prioritize critical messages, and 

ensure redundant pathways in the event of signal degradation or node failure (Monzon Baeza et al., 2025). Such 

autonomy improves operational resilience and reduces the risk to human operators, particularly in high-risk or 

time-sensitive scenarios. Another emerging area is human-machine teaming, where AI systems operate alongside 

human commanders, providing decision support through predictive analytics, course-of-action simulations, and 

conflict resolution modeling (Gonzalez et al., 2022). In this configuration, AI does not replace human judgment 



AI-Driven Tactical Communications and Networking for Defense for Enhancing Situational .. 

DOI: 10.35629/6734-13127987                                      www.ijesi.org                                                     82 | Page 

but augments it, ensuring more nuanced and responsive command decisions. The Defense Advanced Research 

Projects Agency (DARPA) has explored such models in programs like OFFSET and Mosaic Warfare, where 

autonomous swarms operate under decentralized, AI-guided control structures (DARPA, 2023). Ethical 

considerations remain a critical dimension of AI autonomy in defense. Autonomous weapons systems (AWS), for 

instance, raise questions about accountability and compliance with international humanitarian law. While AI can 

enhance the precision of lethal decisions, human oversight remains essential to mitigate unintended consequences 

and uphold ethical norms (Financial Times, 2025). Nonetheless, the strategic advantages of autonomous AI 

systems—speed, precision, scalability, and adaptability—underscore their growing significance in modern 

warfare. Their capacity to analyze, decide, and act in milliseconds offers a decisive edge in engagements where 

delays can mean failure. 

 

1.3 Radar-Based Data Transmission 

Radar technology plays a pivotal role in defense systems, serving as the backbone of object detection, 

tracking, and navigation across land, air, sea, and space domains. With modern warfare becoming increasingly 

dependent on data-centric operations and electronic maneuverability, radar systems are no longer standalone 

units—they are deeply integrated within broader tactical communication and command infrastructures. The 

introduction of Artificial Intelligence (AI) into radar-based data transmission has redefined their capabilities, 

enabling real-time signal interpretation, enhanced pattern recognition, and adaptive system tuning under complex 

operational conditions. Traditional radar systems, while effective, often struggle in environments characterized 

by high noise, electromagnetic interference, and stealth threats. These limitations compromise tracking accuracy 

and reduce the reliability of situational assessments. AI-based signal processing addresses these challenges 

through sophisticated algorithms, including neural networks and deep learning models, that filter out clutter, 

distinguish signal from noise, and classify objects with high precision (Monzon Baeza et al., 2025). In practice, 

this means faster and more accurate detection of incoming projectiles, aircraft, unmanned vehicles, or hidden 

targets that would otherwise evade conventional radar. One notable advancement is AI’s capacity to enhance the 

resolution and classification of radar imagery. By training on extensive datasets, convolutional neural networks 

(CNNs) can discern the shape, speed, and intent of moving objects, even in adverse weather or electronic warfare 

scenarios (Zhao et al., 2023). These AI models have been incorporated into radar platforms such as synthetic 

aperture radar (SAR) and ground-penetrating radar (GPR), enabling superior object recognition through cloud 

cover, foliage, and subterranean layers (Li et al., 2021). 

Moreover, adaptive radar systems powered by AI are capable of dynamically modifying operational 

parameters—such as frequency, pulse repetition interval, beam direction, and waveform—based on environmental 

changes or tactical objectives. Reinforcement learning, in particular, allows radars to “learn” optimal settings 

through continuous feedback, making real-time adjustments to counter jamming and deception techniques used 

by adversaries (Chen et al., 2023). These intelligent systems also anticipate threat behavior by predicting target 

trajectories and maneuver patterns using historical and real-time inputs, thereby improving preemptive response 

mechanisms (Zhang & Xu, 2022). In battlefield conditions characterized by electronic countermeasures (ECM) 

and electromagnetic pulse (EMP) threats, AI-infused radar architectures offer enhanced survivability. By 

integrating AI with cognitive radar concepts, systems can perceive environmental cues, assess signal degradations, 

and execute evasive frequency-hopping or low probability of intercept (LPI) tactics, thereby maintaining 

communication integrity (Ahmed et al., 2021). This proactive adaptability is vital for sustained operational 

capability during joint and multinational operations in contested environments. Furthermore, in network-centric 

warfare paradigms, AI-enabled radars function not only as sensors but also as data nodes within a distributed 

network. Through intelligent fusion with other sensors (electro-optical, infrared, sonar), radar-generated data can 

be contextualized and correlated across domains, improving decision superiority (Gonzalez et al., 2022). This 

integrated data sharing, often facilitated by AI-based edge computing, supports faster and more reliable command-

and-control (C2) cycles. Thus, AI-driven radar-based data transmission offers a transformative enhancement to 

military sensing and communication frameworks, enabling proactive threat detection, adaptive responses, and 

seamless integration into AI-powered tactical networks. 

 

1.4 UAV-Assisted Relay Systems 

Unmanned Aerial Vehicles (UAVs) have emerged as crucial enablers of tactical flexibility and 

situational dominance in modern military operations. Beyond their traditional roles in surveillance, 

reconnaissance, and targeting, UAVs now play a pivotal part in extending and reinforcing communication 

networks, especially in dynamic and denied environments. When equipped with AI, UAV-assisted relay systems 

offer a resilient, adaptive, and intelligent alternative to static or vulnerable terrestrial communication 

infrastructure. In hostile environments or during large-scale maneuvers, traditional communication infrastructure 

may be destroyed, degraded, or simply absent. AI-driven UAVs mitigate this risk by autonomously establishing 

airborne relay networks that restore or extend communication coverage between dispersed units and command 



AI-Driven Tactical Communications and Networking for Defense for Enhancing Situational .. 

DOI: 10.35629/6734-13127987                                      www.ijesi.org                                                     83 | Page 

centers (Abohashish et al., 2023). These aerial relays dynamically form multi-hop connections, adapt to terrain 

topology, and respond to adversarial interference in real-time, ensuring mission continuity even in heavily 

contested operational theaters. 

The real-time positioning and trajectory optimization of UAVs are made possible through reinforcement 

learning and swarm intelligence algorithms. These techniques enable UAVs to autonomously explore optimal 

relay configurations, balance power consumption, and maintain line-of-sight (LoS) communication, all while 

avoiding detection or interception (Chen et al., 2023). For example, Q-learning algorithms allow UAVs to learn 

optimal movement patterns based on environmental feedback, resulting in efficient coverage with minimal energy 

expenditure (Abohashish et al., 2023). Coordination among multiple UAVs is another area where AI exhibits 

significant utility. Multi-agent systems (MAS) powered by AI facilitate swarm-based operations, where individual 

UAVs act as cooperative agents that share information and collaboratively manage network tasks. This 

decentralized control structure enhances resilience, allowing the network to reconfigure itself in response to node 

loss, interference, or shifting operational objectives (Ahmed et al., 2021). Such self-healing and self-organizing 

networks are essential for maintaining high availability and low latency under battlefield stress. 

Furthermore, AI enables intelligent spectrum management in UAV networks. With increasing congestion 

in radio frequency (RF) environments, UAVs equipped with AI can autonomously scan spectrum bands, detect 

channel interference, and allocate frequencies using cognitive radio technologies (Li et al., 2021). This ensures 

optimal bandwidth utilization while minimizing the risk of jamming and interception. Another strategic 

application lies in AI-assisted security and access control. UAV networks are susceptible to spoofing and signal 

hijacking, especially in environments where enemy electronic warfare capabilities are robust. AI enhances cyber 

defense by continuously monitoring UAV telemetry, detecting anomalies, and isolating compromised nodes in 

real time (Military Knowledge Base, n.d.-b). Coupled with dynamic encryption and blockchain-based 

authentication protocols, AI provides a fortified layer of protection for data relayed through UAV systems. 

AI also supports predictive maintenance and flight path planning for UAVs. By analyzing operational 

data, machine learning models can forecast mechanical failures, optimize maintenance schedules, and prolong the 

mission duration of UAV fleets. In logistics and supply-chain roles, UAVs equipped with AI navigate complex 

terrains autonomously, delivering payloads or restoring communications with precision (Gonzalez et al., 2022). 

In combined arms and coalition operations, interoperability is paramount. AI facilitates the integration of UAV 

relay systems with manned platforms, ground vehicles, and command posts through standardized data translation 

and protocol mediation. These capabilities are aligned with the principles of Joint All-Domain Command and 

Control (JADC2), where AI-enhanced UAVs act as vital communication bridges between dissimilar nodes 

(Wikipedia, n.d.-a). 

 

1.5 Integration with Emerging Technologies 

The role of Artificial Intelligence (AI) in tactical communications is significantly magnified when 

integrated with other transformative technologies. These synergies extend the operational capacity of military 

networks by providing enhanced security, real-time responsiveness, and resilient decision-making frameworks. 

The convergence of AI with technologies such as the Internet of Things (IoT), blockchain, and augmented reality 

(AR) marks a pivotal evolution in defense communications infrastructure. 

 

1.5.1 Internet of Things (IoT) 

The proliferation of IoT devices within military environments—including ground sensors, unmanned 

vehicles, wearables, and smart infrastructure—creates vast, decentralized sources of real-time data. AI plays a 

central role in orchestrating and analyzing these data flows to enhance situational awareness and operational 

effectiveness. Machine learning models can detect patterns and anomalies from sensor data, thereby predicting 

hostile activity, equipment failures, or changes in terrain conditions (Xu et al., 2022). For instance, in a combat 

scenario, AI-powered systems can synthesize input from battlefield wearables, drone feeds, and biometric 

monitors to assess soldier health, enemy movement, and environmental hazards, enabling timely command 

decisions (Yassine et al., 2019). Deep learning architectures such as LSTM (Long Short-Term Memory) networks 

are particularly effective in interpreting sequential data from IoT devices, facilitating predictive analytics for 

logistics and mission planning (Singh et al., 2021). Moreover, AI-driven edge computing allows data processing 

at or near the source, which reduces latency and bandwidth consumption—crucial advantages in denied or 

degraded environments (Zhang et al., 2023). This decentralized approach ensures mission-critical decisions can 

be made autonomously and instantaneously without dependence on centralized data centers. 
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1.5.2 Blockchain 

The integration of blockchain technology into AI-enhanced tactical networks addresses the persistent 

issue of cybersecurity. Blockchain offers an immutable, decentralized ledger system that ensures data provenance 

and transparency across distributed systems (Conti et al., 2018). By coupling blockchain with AI, defense 

communication systems gain both robustness and intelligence. For example, AI algorithms can monitor 

blockchain records for irregular transactions or access attempts, triggering automated responses such as identity 

verification or access denial (Dorri et al., 2019). In military logistics, this integration ensures the authenticity of 

command orders, supply chains, and system logs, mitigating risks from insider threats and cyber sabotage. 

Furthermore, blockchain can manage secure digital identities for devices and personnel in tactical environments. 

AI systems can dynamically validate access rights, detect behavioral anomalies, and enforce adaptive 

authentication policies based on contextual data (Singh et al., 2021). This synergy strengthens the zero-trust 

security model increasingly favored by modern defense architectures. 

 

1.5.3 Augmented Reality (AR) 

Augmented Reality (AR), when powered by AI, delivers real-time, context-sensitive information 

overlays to combatants, significantly improving operational awareness and cognitive performance. By integrating 

sensor data, satellite imagery, and command inputs, AI enables AR systems to present mission-critical insights 

directly in a soldier’s visual field through smart visors or head-up displays (Tang et al., 2020). AI-enhanced AR 

systems can identify terrain features, highlight enemy positions, and indicate movement corridors based on live 

data feeds and predictive algorithms. Natural language processing (NLP) and computer vision models support 

intuitive interaction, allowing warfighters to control interfaces through gesture or voice commands even in high-

stress environments (Javidi et al., 2021). In training environments, AR supported by AI can simulate complex 

combat scenarios with dynamic adversarial behavior modeled on real-world conflict data. This contributes to more 

effective preparation and faster adaptation to battlefield conditions. 

 

1.6 Challenges and Considerations 

While AI integration offers substantial benefits, its implementation in tactical communications is 

accompanied by significant technical, ethical, and strategic challenges. Understanding and addressing these 

challenges is crucial for the responsible and effective deployment of AI in defense contexts. 

 

1.6.1 Adversarial Threats 

AI models, particularly those based on machine learning and deep learning, are vulnerable to adversarial 

attacks—intentional manipulations of input data designed to deceive the system. In tactical settings, such 

deception could lead to false identification of threats, misallocation of resources, or mission failure (Monzon 

Baeza et al., 2025). Adversarial examples, which involve subtle changes to sensor inputs or image data, can lead 

AI systems to misclassify objects or ignore hostile entities entirely (Goodfellow et al., 2015). To counteract this, 

defense agencies must develop robust AI models capable of detecting tampered data and retraining continuously 

in response to new attack vectors (Papernot et al., 2018). Federated learning and adversarial training are promising 

methods for enhancing AI model resilience in operational environments (Liu et al., 2023). 

 

1.6.2 Ethical Concerns 

The delegation of decision-making to AI systems in military contexts raises profound ethical questions. 

Issues such as accountability in autonomous targeting, proportionality of force, and compliance with international 

humanitarian law become increasingly complex when AI is involved (Crootof, 2015). For example, if an AI-

powered autonomous drone misidentifies a civilian target, determining liability—whether it lies with the operator, 

programmer, or manufacturer—remains legally and morally ambiguous (Financial Times, 2025). The deployment 

of lethal autonomous weapons systems (LAWS) has sparked global debates, with many calling for binding 

international regulation to ensure meaningful human control (Scharre, 2018). Thus, AI in tactical communication 

must be governed by transparent policies, ethical oversight, and constraints that prioritize human judgment in life-

and-death decisions. Explainable AI (XAI) approaches are increasingly being developed to ensure that military 

personnel can understand, audit, and challenge AI decisions in real time (Gunning et al., 2019). 

 

1.6.3 Interoperability 

The successful deployment of AI-enhanced tactical communication systems in multinational and joint 

operations depends on their ability to interoperate across different platforms and standards. Interoperability 

challenges arise due to differences in communication protocols, data formats, and cybersecurity standards among 

allied forces (Wikipedia, n.d.-a). AI can assist by dynamically translating protocols and normalizing data across 

systems. However, achieving true interoperability requires coordinated standard-setting, shared ontologies, and 

open interfaces (Lemay et al., 2022). Initiatives such as NATO’s Federated Mission Networking (FMN) and the 
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U.S. Department of Defense’s Joint All-Domain Command and Control (JADC2) emphasize the need for AI 

systems that can seamlessly integrate with existing infrastructure while maintaining security and scalability. 

Moreover, differences in national policies regarding the ethical use of AI in warfare may hinder coalition efforts, 

highlighting the importance of shared doctrine and multilateral agreements. 

 

II. Review of Literature 
The integration of artificial intelligence in military communication systems has been widely examined 

as a transformative force in enhancing strategic and tactical capabilities. According to Monzon Baeza et al. (2025), 

AI is fundamentally reshaping the architecture of tactical communications by enabling the dynamic 

reconfiguration of networks, intelligent data routing, and autonomous decision-making in real-time. Their 

comprehensive survey categorizes existing AI applications into signal processing, spectrum management, and 

threat detection, providing a foundational understanding of how AI contributes to mission-critical 

communications. Similarly, Military Knowledge Base (n.d.-a) explores how AI supports data fusion from multi-

domain sensors, facilitating enhanced situational awareness. Their work emphasizes the synergy between AI 

algorithms and Internet of Things (IoT) devices in optimizing information processing, crucial for frontline 

operations. These studies collectively suggest that AI's adaptability allows it to respond to complex and hostile 

environments more efficiently than traditional systems. AI's application in radar systems is another recurring 

theme in the literature. Monzon Baeza et al. (2025) highlight how AI-driven radar can process large volumes of 

raw signal data to extract meaningful patterns under signal-jammed or degraded conditions. By leveraging deep 

learning and pattern recognition, these systems provide accurate target identification and tracking, even in 

cluttered or dynamic operational theatres. Abohashish et al. (2023) further this point by integrating AI with UAV-

assisted radar relay systems. Their work demonstrates the use of reinforcement learning to optimize UAV 

positioning for reliable radar data transmission. The study presents quantitative improvements in both signal 

quality and energy efficiency, offering a practical roadmap for deploying radar-equipped UAVs in 

communication-denied zones. 

The deployment of UAVs as mobile communication relays has emerged as a vital strategy to overcome 

the limitations of fixed infrastructure. Abohashish et al. (2023) propose a reinforcement learning framework that 

enables UAVs to autonomously reposition themselves in response to environmental and operational variables. 

The study tests this system over simulated 5G networks, demonstrating significant gains in throughput and signal 

stability. Moreover, Monzon Baeza et al. (2025) discuss multi-agent coordination among UAVs using AI, which 

is essential for maintaining network continuity in large-scale operations. This cooperative approach, enabled by 

AI-driven decision models, ensures robust communications even during adversarial jamming or terrain-based 

signal obstruction. These insights underscore the operational significance of AI-enhanced UAV relay networks in 

modern warfare. 

The application of AI in cybersecurity forms another core area of research. The Military Knowledge 

Base (n.d.-b) delves into how AI can secure tactical networks by continuously monitoring for anomalies, executing 

countermeasures, and managing dynamic encryption protocols. Their work argues that AI is crucial not just for 

threat detection but also for automated threat response, especially in zero-trust and hostile environments. 

Complementing this, Monzon Baeza et al. (2025) raise concerns about adversarial AI—where malicious inputs 

are designed to deceive machine learning systems. They advocate for the development of robust AI models 

capable of resisting such attacks. Together, these perspectives reveal a dual role for AI in both strengthening 

cybersecurity and mitigating the inherent vulnerabilities of AI itself. 

AI's potential to reduce the cognitive and logistical burden on military personnel by enabling semi-

autonomous or fully autonomous operations is well-documented. According to Financial Times (2025), battlefield 

AI systems can perform decision-support functions under compressed timeframes, allowing commanders to act 

faster and more decisively. However, the article also touches on ethical dilemmas such as accountability in lethal 

autonomous weapon systems (LAWS), pushing the discourse beyond technical feasibility into the realm of 

military ethics. The Wikipedia entry on Joint All-Domain Command and Control (JADC2) (n.d.-a) adds a 

systemic dimension to this discussion. JADC2 integrates AI into a multi-branch communication framework that 

connects sensors, shooters, and commanders across air, land, sea, space, and cyber domains. AI is positioned here 

as the unifying element that enables this seamless cross-domain integration, which is central to future combat 

operations. 

Emerging technologies such as IoT, blockchain, and augmented reality are increasingly being explored 

in conjunction with AI to build resilient, decentralized, and user-friendly communication infrastructures. Military 

Knowledge Base (n.d.-a) notes how IoT devices—when coupled with AI—can automate maintenance schedules, 

detect component failures, and prioritize data traffic in real-time battlefield conditions. Blockchain, as discussed 

in the same source, offers immutable record-keeping for sensitive data, and AI augments its utility by enabling 

automated verification of transactions and anomaly detection. Similarly, AI-integrated AR systems are highlighted 
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for their ability to present battlefield intelligence overlays in real time, allowing soldiers to interact with digital 

information without removing their focus from the physical environment. 

While the potential of AI-driven communication systems is immense, several studies caution against 

over-reliance without proper safeguards. Ethical issues such as the delegation of life-and-death decisions to 

algorithms (Financial Times, 2025) and technical challenges like AI interpretability and interoperability 

(Wikipedia, n.d.-a) remain unresolved. Monzon Baeza et al. (2025) emphasize the need for transparent AI systems 

that can explain their decision-making processes, which is vital for accountability and trust within military 

command structures. Additionally, achieving interoperability among diverse AI systems—particularly in joint or 

coalition operations—requires standardized frameworks, which are still in developmental stages. 

 

III. Synthesis and Research Gap 
The existing literature establishes a strong foundation for understanding how AI enhances tactical 

communications through improved signal processing, autonomous relay systems, and secure data handling. 

However, most current studies focus either on specific technologies (e.g., UAVs or radar) or generalized systems 

without integrating them into a holistic operational doctrine. Moreover, the majority of research relies on 

simulations or controlled environments, with limited empirical validation from active military exercises or field 

deployments. Further research is needed in the following areas: 

 Operational testing of AI-driven communication networks in real-world conditions. 

 Frameworks for AI interoperability across allied defense systems. 

 Ethical and legal standards for autonomous decision-making in communication warfare. 

 Integration of quantum computing to boost AI processing capabilities in tactical contexts. 

 

IV. Future Outlook 
The trajectory of AI in tactical communications points toward increasingly autonomous and resilient 

networks. Future developments may include self-healing networks that can adapt to disruptions, more 

sophisticated AI algorithms capable of complex decision-making, and deeper integration with other advanced 

technologies. Continued research and collaboration among military, academic, and industry stakeholders will be 

essential to address the challenges and fully realize the potential of AI-driven tactical communications. Moreover, 

advancements in quantum computing and machine learning may further enhance the capabilities of AI systems, 

enabling faster data processing and more accurate predictive analytics. As these technologies mature, their 

integration into military communication networks will be pivotal in maintaining strategic advantages on the 

battlefield. 

 

V. Conclusion: 
The integration of AI into tactical communications and networking offers transformative potential for 

modern military operations. By enhancing situational awareness, automating decision-making, and fortifying 

security protocols, AI-driven systems provide unprecedented advantages in complex and dynamic battlefield 

environments. Radar-based data transmission, UAV-assisted relay systems, and the fusion of AI with emerging 

technologies such as IoT, blockchain, and AR collectively form a robust framework for future defense 

communication networks. However, these advancements are not without challenges. Adversarial threats, ethical 

dilemmas concerning autonomous weapons, and interoperability issues among multinational forces remain 

significant obstacles. Addressing these challenges through research, policy development, and international 

collaboration is crucial for maximizing the potential of AI in defense while ensuring operational security, legal 

compliance, and ethical accountability. As military technologies continue to evolve, the role of AI in tactical 

communications will become increasingly indispensable, shaping the future of warfare and defense strategies. 
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