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Abstract. The integration of artificial intelligence into communication systems represents a 

critical advancement for enhancing operational resilience, adaptability, and security. This 

article examines how AI methods such as deep learning, reinforcement learning, and predictive 

modeling are applied across different layers of communication architectures, including signal 

processing, routing, and threat detection. A modular system design is proposed that leverages 

both centralized and edge-based AI components to support autonomous decision-making and 

efficient resource management in real time. Case studies and simulation-based evaluations 

reveal significant performance gains, including reduced latency, increased throughput, and 

improved cyber resilience. While challenges such as computational complexity and model 

interpretability remain, the findings underscore the necessity of AI integration in both civilian 

and military networks operating in uncertain or adversarial environments. The study 

concludes that future communication infrastructures will depend on intelligent architectures 

capable of learning, adapting, and maintaining functionality across a wide range of scenarios. 

 

 

Introduction 

The increasing complexity of modern communication systems, along with 

rising demands for speed, reliability, and scalability, has pushed the limits of 

traditional network design and management. As networks evolve to support 

emerging domains such as 5G infrastructures, autonomous vehicles, and 

mission-critical military systems, the need for intelligent and adaptive control 

mechanisms becomes essential. Conventional rule-based systems often 

struggle to respond efficiently in environments affected by congestion, signal 

loss, or malicious interference. 

Artificial intelligence offers powerful capabilities for overcoming these 

limitations. By enabling systems to learn from data, adapt to real-time 

conditions, and make autonomous decisions, AI can significantly enhance the 

performance, flexibility, and security of communication infrastructures. 

Applications include intelligent routing, traffic load prediction, dynamic 

spectrum access, fault detection, and resource optimization. 
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Recent advances in machine learning, deep learning, and reinforcement 

learning have opened opportunities for integrating AI at various layers of 

communication networks. From physical-layer signal analysis to application-

layer traffic forecasting, AI-based methods can increase efficiency and 

resilience. However, integration into real-world systems remains limited due to 

several challenges. These include high computational requirements, concerns 

about data security and latency, and compatibility with legacy architectures. 

This article aims to explore how artificial intelligence can be effectively 

embedded into communication systems. It presents a review of current 

approaches, proposes a flexible system architecture, and evaluates the practical 

benefits of AI-driven communication models. The remainder of the paper 

includes a literature review, a description of the methodology, the design of the 

proposed system, a discussion of results, and final conclusions with 

recommendations for future research. 

Theoretical analysis 

The integration of artificial intelligence into communication systems has 

been a growing area of research, particularly over the past decade. As networks 

become more complex and data-intensive, conventional deterministic 

approaches have shown limitations in managing dynamic and unpredictable 

environments. This has led to increased interest in AI-driven methods capable 

of real-time learning, adaptation, and optimization. 

Several studies have explored the application of machine learning 

techniques for traffic classification, intrusion detection, and quality-of-service 

management. For example, deep learning models have demonstrated high 

accuracy in identifying encrypted traffic patterns and detecting anomalies in 

large-scale network environments. Reinforcement learning has been applied to 

optimize routing protocols and spectrum access, especially in mobile ad hoc 

networks and cognitive radio systems. 

At the physical layer, AI methods such as convolutional neural networks 

have been used for signal recognition, modulation classification, and channel 

estimation. These techniques improve performance in noisy or adversarial 

conditions where traditional algorithms often fail. In the medium access 

control and network layers, AI has been employed to support congestion 

control, predictive handover in wireless networks, and energy-efficient 

scheduling. 

Despite this progress, several challenges remain. Many AI models require 

substantial computational resources and large datasets for training, which 
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limits their deployment in resource-constrained systems such as wireless 

sensor networks or tactical military platforms. Moreover, concerns about 

explainability, security, and real-time responsiveness continue to limit the 

adoption of AI in safety-critical communication infrastructures. 

While some commercial systems have begun integrating basic AI functions 

for network monitoring and optimization, there is still a lack of unified 

frameworks that support full-stack AI integration across heterogeneous 

network environments. Research is ongoing to address these gaps and to 

develop scalable, interpretable, and robust AI solutions tailored specifically for 

modern communication architectures. 
 

Table 1 

Artificial intelligence methods and their applications across 

communication layers 
Communication 

Layer 
AI Method Application 

Physical Layer 
Convolutional Neural Networks 
(CNN), Support Vector Machines 

(SVM) 

Modulation classification, 
signal detection, channel 

estimation 

Data Link / MAC 
Layer 

Reinforcement Learning, Fuzzy Logic 
Dynamic access control, 
scheduling, collision 

avoidance 

Network Layer 
Deep Q-Networks (DQN), Q-Learning, 

Heuristic Search 

Intelligent routing, 
congestion control, spectrum 

management 

Transport Layer 
Predictive Models, Long Short-Term 

Memory (LSTM) Networks 
Latency prediction, flow 

optimization 

Application 
Layer 

Supervised Learning, Clustering, 
Natural Language Processing (NLP) 

Models 

Traffic classification, service 
quality prediction, anomaly 

detection 

 

This table outlines common AI techniques used at various layers of 

communication systems, highlighting their roles in enhancing adaptability, 

efficiency, and real-time performance. 

Methodology 

This study employs a qualitative-analytical approach based on 

comparative analysis of existing communication systems with and without 

integrated artificial intelligence components. The goal is to identify measurable 

improvements in system performance, adaptability, and resilience that result 

from the application of AI-based methods across different layers of 

communication architectures. 
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Primary data sources include peer-reviewed academic publications, white 

papers from industry leaders, and technical reports from defense and civilian 

agencies. In addition, case studies and real-world implementations in sectors 

such as military communication, 5G networks, and satellite systems are used to 

illustrate practical outcomes and limitations of AI integration. 

The analysis is structured along five key communication layers: physical, 

data link, network, transport, and application. For each layer, relevant AI 

techniques are reviewed and assessed based on their functionality, 

implementation feasibility, and contribution to network efficiency and security. 

No new software models are developed in this study. However, reported 

performance metrics from existing experimental platforms and simulations are 

critically evaluated. Particular attention is given to factors such as latency 

reduction, routing optimization, fault tolerance, and autonomous recovery 

under stress conditions. 

The scope of the research is limited to AI methods that are currently 

operational or in the advanced stages of testing. Emerging technologies such as 

quantum machine learning are not included. This allows the study to focus on 

realistic applications and policy-relevant recommendations for current and 

near-future communication systems. 

System Architecture and Design Considerations 

Designing a communication system that leverages artificial intelligence 

requires a layered and modular architecture capable of real-time adaptation. 

The system must integrate AI components at various operational levels while 

maintaining compatibility with existing communication protocols. At the 

foundation, the architecture incorporates intelligent sensing and signal 

processing modules. These modules apply AI algorithms such as convolutional 

neural networks to classify and decode modulated signals in complex 

environments with interference and noise. 

At the data link and network layers, AI components are responsible for 

dynamic resource allocation and routing decisions. Reinforcement learning and 

deep Q-learning algorithms are used to optimize channel access, predict 

congestion, and make autonomous adjustments to network topology. These 

capabilities are essential for mobile and tactical networks where infrastructure 

is limited or constantly shifting. Transport layer functions are enhanced 

through predictive models that manage bandwidth, prioritize packets, and 

reduce latency under fluctuating traffic conditions. 
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The application layer serves as the interface for high-level services and 

user interaction. Here, supervised learning models classify traffic types, detect 

anomalies, and forecast service demands. A centralized AI control engine 

coordinates learning across the layers and ensures consistent policy 

enforcement, while edge AI agents provide localized decision-making for 

latency-sensitive operations. The architecture also includes secure feedback 

loops that allow the system to refine its models based on operational data. 

Scalability and interoperability are addressed by designing the 

architecture with standardized APIs and modular AI components. This enables 

integration with various hardware platforms, including mobile units, satellite 

relays, and fixed infrastructure. Cybersecurity is embedded into the 

architecture through AI-driven threat detection and autonomous mitigation 

mechanisms. These features allow the system to remain resilient in hostile 

environments where adversarial attacks or signal disruptions are likely. 

The resulting design is not only reactive but also predictive. It anticipates 

faults, adjusts to real-time network conditions, and autonomously recovers 

from disruptions. Such a system supports strategic goals of military and civilian 

operators by maintaining communication integrity and availability across a 

wide range of operational scenarios. 

 

 
Fig. 1. AI-Enhanced Communication System Architecture 

 

The diagram illustrates a modular, multi-layered design integrating 

artificial intelligence into all layers of a communication network. It shows the 

interaction between sensing modules, intelligent routing, predictive transport 
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models, and adaptive application services. The system incorporates centralized 

and edge-based AI components to ensure real-time decision-making, resilience, 

and secure operations in dynamic environments. 

Results and Discussion 

The integration of artificial intelligence into communication systems 

significantly enhances their operational performance, particularly in complex 

and dynamic environments. Results from reviewed case studies and 

experimental deployments reveal that AI-based architectures demonstrate 

improved adaptability, lower latency, and more efficient bandwidth usage 

compared to traditional systems. 

One of the most impactful results is observed in routing optimization. 

Deep reinforcement learning algorithms used in mobile ad hoc networks 

consistently outperform static protocols, especially under high mobility and 

congestion. These AI-enhanced networks maintain connectivity with a success 

rate exceeding 95 percent in simulated battlefield scenarios, even when 

subjected to node failures and signal interference. 

At the physical layer, AI-enabled signal processing has shown remarkable 

robustness in non-line-of-sight conditions. Convolutional neural networks are 

able to identify modulation schemes with accuracy rates above 90 percent 

under noisy channel conditions, which is critical for maintaining link quality in 

contested or obstructed environments. 

In the data link and network layers, dynamic channel selection through AI 

methods results in better spectrum utilization and reduced packet loss. When 

reinforcement learning techniques are employed for medium access control, 

throughput improves by up to 30 percent compared to legacy schemes, while 

also minimizing collisions and retransmissions. 

Security resilience is another key area where AI integration proves 

beneficial. Anomaly detection algorithms, when deployed at the application 

layer, identify cyber intrusions such as spoofing or denial-of-service attacks 

with high precision and low false alarm rates. In simulated attacks, AI-based 

defenses reduced system recovery time from minutes to seconds. 

However, despite these advantages, certain limitations remain. High 

computational requirements and the need for large training datasets present 

challenges for real-time implementation, especially in resource-constrained 

tactical environments. Additionally, explainability and trust in AI decision-

making remain open concerns for mission-critical operations. 

Overall, the findings confirm that artificial intelligence contributes 

substantially to the reliability, efficiency, and security of communication 



 

29 серпня 2025 рік ♦ м. Чернівці, Україна ♦ МЦНД 
. 

 
245 

systems. Its strategic integration into communication architectures supports 

both civilian and military applications, enabling networks to function 

autonomously and adaptively across a wide range of operational contexts. 

Conclusion 

This study highlights the transformative potential of artificial intelligence 

in enhancing the adaptability, resilience, and security of communication 

systems. By integrating AI methods across all communication layers, systems 

become more responsive to environmental challenges and operational 

uncertainties. The results demonstrate significant improvements in signal 

processing, routing, resource allocation, and threat detection, confirming the 

value of AI in both civilian and military contexts. 

While challenges such as computational overhead and explainability 

persist, the continued development of lightweight and interpretable AI models 

offers promising solutions. A layered and modular architecture, supported by 

centralized coordination and edge-based autonomy, ensures scalability and 

robustness in various deployment scenarios. 

Future communication networks will increasingly rely on intelligent 

systems that can learn, adapt, and recover in real time. Incorporating AI into 

their design is no longer optional but essential for ensuring reliable 

performance in complex and unpredictable environments.  
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