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ABSTRACT

The speed of progress in wireless communication requires smart, adaptive antenna 
systems that can enhance network performance in dynamic environments. This 
chapter presents AI-​based adaptive antenna systems  for smart communication 
networks. By using machine learning algorithms, the antenna adjusts  beamforming 
and polarization in real-​time to optimize signal quality, decrease interference, and 
increase throughput. We describe the architecture, the algorithmic framework, and 
the  experimental validation. The results show a remarkable improvement in spec-
tral efficiency and network reliability, highlighting the superiority of AI in future 
adaptive antenna technology.
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INTRODUCTION

The reliance on wireless communication technologies is exploding, driven by 
an increasing number of smartphones, Internet of Things (IoT) devices, and data-​
hungry applications that push the boundaries of communication networks. Intelligent 
communication systems,  which enable the efficient use of resources, optimal perfor-
mance, and reliable connectivity, play a central role in fulfilling such expectations. 
Nevertheless, a wireless environment is, by nature, dynamic and complicated, which 
is affected by various aspects, such as multipath fading, interference, user mobility, 
and traffic loads. These issues require the implementation of cognitive, flexible 
antenna systems that can respond dynamically to varying network conditions.

Adaptive  antenna technology plays a key role in today’s wireless communica-
tions. These antennas also manipulate the radiation pattern by  dynamic changes of 
beamforming and polarization, operating to improve signal performance, coverage, 
and minimize interference. Generally, adaptive antennae heavily depend on fixed 
algorithms or rule-​based systems that have a tendency to be less agile and robust in 
complex, changing, or unexpected environments. It is this limitation that has led to 
the incorporation of AI technologies for antenna design  and control, resulting in 
AI-​enabled adaptive antenna systems.

AI-​powered antennas utilize algorithms such as machine learning,  deep learning, 
and reinforcement learning to efficiently and flexibly process the environmental 
information, including channel state information (CSI), user positions, and inter-
ference distribution of different radio access technologies (Fotis et al., 2025; Gupta, 
2025). Learning  from this data, such systems can automatically learn to optimize 
beam patterns, power distributions, and antenna settings to maximize throughput, 
spectral efficiency, and network reliability. The synergistic combination of AI and 
adaptive antennas is expected to bring a novel breakthrough to  the performance of 
future wireless networks (5G and beyond; smart city, IoT, etc.).

In this  work, a thorough investigation of the design of AI-​based adaptive antenna 
architectures to be implemented in smart communication networks is proposed. The 
primary contributions of this chapter are:

1. 	 Designing an AI-​based framework for real-​time adaptive beamforming and 
antenna parameter optimization

2. 	 Developing and demonstrating a prototype system that implements AI algorithms 
with a multielement antenna array

3. 	 Simulating and experimentally validating  system performance under different 
channel conditions.
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