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Abstract: The application of adaptive antennas in wireless communication systems is examined in this review 
of the literature, with particular aĴention to how well they can transmit and receive signals by dynamically 
adjusting radiation paĴerns. The review covers a range of artificial intelligence (AI) approaches that have been 
used to enhance adaptive antenna performance in beamforming, channel estimation, interference mitigation, 
and spectrum utilization. Although adaptive antennas have the potential to improve wireless communication 
systems, the paper also discusses their limitations, including computational complexity, interference sensitivity, 
and the significance of precise channel state information (CSI) estimates. 
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Introduction 
Mobile networks have become an integral part of modern life, shaping how we communicate, 

work, and interact with the world around us. These networks, commonly referred to as cellular 
networks, enable wireless communication between mobile devices such as smartphones, tablets, and 
laptops. Since their inception, mobile networks have undergone significant advancements, evolving 
through different generations to meet the increasing demands of users and technological innovations. 
Each generation of mobile networks has introduced new capabilities, improved performance, and 
enhanced user experiences, leading to transformative changes in how we connect and access 
information. 

Fifth generation (5G) mobile networks, which use New Radio (NR) technology, are the most 
recent developments in cellular technology. Fundamentally, it is based on Orthogonal Frequency 
Division Multiple Access (OFDMA), an advanced modulation technology that improves spectral 
efficiency and allows for continuous communication. Because of its unmatched efficiency, 5G can 
support a large number of linked devices at once, which makes it easier to modernize many 
industries. It can work on a wide range of frequencies, from low to high frequencies. Because of its 
flexibility, 5G can meet a wide range of requirements, including expanding connectivity to remote 
rural areas and offering strong coverage in heavily crowded urban areas (Kishore and Senapati, 2022). 
Additionally, a 5G Smart Antenna represents a cuĴing-edge technology harnessing the power of 
multiple antennas to revolutionize the performance and coverage of 5G networks. Unlike traditional 
antennas, these innovative systems boast dynamic capabilities, allowing them to adaptively adjust 
their beamforming and beam steering mechanisms in real-time. By intelligently focusing 
transmission and reception towards specific users or areas, 5G Smart Antennas significantly enhance 
signal strength, quality, and overall connectivity in diverse environments. As the demand for high-
speed, low-latency, and reliable wireless communication continues to soar, the future of the 5G Smart 
Antenna market appears exceedingly promising. This surge in demand is driven by various factors, 
including the proliferation of bandwidth-hungry applications, the exponential growth of Internet of 
Things (IoT) devices, and the increasing reliance on mobile connectivity for critical services and 
industries. (Prodmaze, 2024) 
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Two types of 5G Smart Antennas, known for their advanced functionalities in enhancing 
wireless communication systems, include Multi-beam Antennas, which dynamically partition the 
available spectrum into multiple narrow beams to serve multiple users concurrently with improved 
efficiency and reduced interference, and Adaptive Array Antennas, which intelligently adjust their 
radiation paĴerns and beamforming characteristics in real-time based on environmental changes and 
user demand, ensuring optimal signal reception and transmission quality in diverse operating 
conditions. 

Multi-beam Antenna, a phased array antenna system has many fixed beams, one of which is 
directed or selectively engaged to focus on the required signal. The antenna elements' phases are 
precisely adjusted to provide this dynamic beam guiding capabilities. The beam can be dynamically 
steered to follow the movement of the target signal as it changes, resulting in the best possible signal 
reception. This flexibility is essential for preserving a dependable and steady connection, particularly 
in seĴings where mobility may play a role or where signal conditions may fluctuate. Effective 
communication in a variety of seĴings is made possible by the phased array antenna structure, which 
provides flexibility and agility in signal reception. A phased array antenna's intricate and adaptable 
structure is depicted schematically below (Prasanthi, 2022). 

 
Figure 1. Multi-beam Antenna (Prasanthi, 2022). 

Adaptive Array Antenna 
In an adaptive array antenna, the beam paĴern dynamically adjusts in response to the 

movements of both the desired user and interfering signals. Received signals are weighted and 
combined to enhance the desired signal-to-interference-plus-noise ratio (SINR), thereby mitigating 
interference and improving overall signal quality. By strategically adjusting the weights of received 
signals, the antenna effectively nullifies interference while steering the main beam towards the 
desired signal direction. This adaptive capability enables the antenna to track and maintain alignment 
with the desired signal, even in the presence of interference. The direction of the main beam can be 
precisely calculated using methods such as Direction of Arrival (DOA), allowing for accurate beam 
steering to optimize signal reception. The diagram below illustrates the configuration of an adaptive 
array antenna, showcasing its ability to dynamically adjust beam direction for optimal signal 
reception while aĴenuating interference (Prasanthi, 2022). 

 
Figure 2. Adaptive Array Antenna (Prasanthi, 2022). 

Moreover, adaptive antenna arrays are different from standard arrays in that they possess the 
ability to adapt or autonomously change their weights so that it may regulate its own paĴern. An 
adaptive antenna can offer the user's ideal radiation paĴern. Second, to lessen or perhaps completely 
stop the undesired signal's influence on the desired one and provide guidance in harsh interference 
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environment, adaptable antennas have been developed for a variety of uses, including military radar 
and commercial mobile communication systems or satellite communication systems with strict 
standards for dependability.In communication systems that are susceptible to interference, adaptive 
antennas are widely utilized. They modify their style.adapt the signal environment automatically in 
order to minimize interference and enhance signal reception. Third, the increasing demand for 
communication services without an equivalent expansion of radio frequency spectrum. The demand 
for new techniques to increase spectrum use is driven by allocation. Among the several options 
chosen, the adaptive antenna technique has significant potential in enhancing spectrum 
efficiency.Fourth, co-channel interference can be reduced and even eliminated by using adaptive 
antenna arrays in mobile phones.interfering multiple access, among other issues. These antennas may 
emit energy in the direction of a chosen angular sector, preventing interference from unwanted 
devices (Banarjee & Dwivedi, 2013).Fifth, one more option for regaining desired signals is to use an 
adaptable or smart antenna. An adaptive antenna modifies its broadcast and/or receive paĴern 
properties to enhance the antenna's functionality ( Balanis,2005). 

Objectives  
This comparative literature review aims to thoroughly examine two types of 5G Smart Antennas, 

namely Multi-beam and Adaptive Array. Specifically, the objective is to: 
1. Compile comprehensive literature reviews on Multi-beam and Adaptive Array antennas 

sourced from reputable academic databases like Google Scholar. 
2. Systematically compare gathered data across various parameters including: 

a. Antenna design specifications 

 Number of elements 
 Geometry configuration  
 Frequency band(s) of operation  
 Array configuration 
 Employed beamforming technique 

b. Performance metrics 

 Gain 
 Beamwidth  
 Radiation paĴern characteristics 
 Directivity 

3. Explore their respective applications and potential use cases. 
4. Identify and analyze limitations associated with each antenna type. 

Methodology 
The methodology for this comparative literature review of Multi-beam and Adaptive Array 

antennas involves a structured approach to data collection, analysis, and synthesis. Firstly, an 
extensive search will be conducted on reputable academic databases such as Google Scholar to gather 
relevant literature on both antenna types. The collected literature will then be systematically 
reviewed, focusing on antenna design specifications including the number of elements, geometry 
configuration, frequency band(s) of operation, array configuration, and employed beamforming 
technique, as well as performance metrics such as gain, beamwidth, radiation paĴern characteristics, 
and directivity. Following this, a comparative analysis will be performed to highlight differences and 
similarities between Multi-beam and Adaptive Array antennas across these parameters. Additionally, 
the review will explore the applications and potential use cases of each antenna type, aiming to 
provide insights into their practical implementations. Furthermore, the review will identify and 
analyze limitations associated with both antenna types to offer a comprehensive understanding of 
their strengths and weaknesses in 5G communication systems. 
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Data and Analysis 
I. Antenna Design Parameters 

Antenna Design Parameters Antenna 

Multi-beam  Adaptive Array 

Number of elements Use numerous beams 
for heightened 

capacity, surrounding 
a vast array of 

elements, ranging 
from tens to 
thousands 

Utilize a large number 
of elements, ranging 

from tens to 
thousands, depending 
on the application and 

complexity. 

Geometry configuration 
Phased arrays, 

including flat arrays 
(rectangular and 
circular), curved 

arrays (on curved 
surfaces), and arrays 

that can move 
electronically, allow 

making multiple 
beam 

Employ planar arrays 
or conformal arrays, 

similar to Multi-beam 
antennas. 

Frequency band(s) of operation Designed to operate 
across a wide 

frequency range, from 
radio frequencies (RF) 

to microwave and 
millimeter-wave 

frequencies, 
depending on the 

specific application 
requirements. 

Designed to operate 

across a wide 

frequency range, 

similar to Multi-beam 

antennas. 

 

Beamforming technique Achieved through 
both analog and 

digital techniques. 
Analog beamforming 
utilizes phase shifters 

to steer the beams 
electronically, while 

Primarily relies on 

digital signal 

processing techniques, 

where the phase and 

amplitude of each 

element's signal are 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2024                   doi:10.20944/preprints202405.1590.v1

https://doi.org/10.20944/preprints202405.1590.v1


 5 

 

digital beamforming 
employs signal 

processing algorithms 
to adjust the phase 

and amplitude of each 
element's signal 

digitally. 

dynamically adjusted 

to steer the beams and 

adapt to changing 

environmental 

conditions. 

II. Performance Metrics 
Gain 

Multi-beam and Adaptive Array antennas achieve high gains by means of pointing signals in 
specific directions. This enhances the signal strength and covers more area while maintaining the 
signal-to-noise ratio for receivers. When employing multibeam antenna systems to achieve beĴer 
gain, it entails making signals stronger. With a higher gain, multibeam antennas can send signals 
more powerfully and pick up weaker signals more easily (AmyoĴe et al., 2014). The enhancement in 
gain achieved by the array antennas compared to regular ones improves signal strength and reception 
quality; these antennas work well for wireless communication. They maintain proper impedance 
matching and give good gain and directivity. Since these are small and work efficiently, these 
antennas are suitable for different networks and fast internet connections including Wi-Fi and LTE 
(Kumar, P., P., S., & Kumari, H., 2021). 

Beamwidth 
Multi-beam antennas and adaptive array antennas both control how wide their signals spread, 

but they differ in their approach and capabilities. Multi-beam antennas send out narrow beams, so 
they aim accurately and avoid messing with other signals (Muhsin et al., 2024). On the one hand, 
adaptive array antennas can also create thin beams, although they can change beamwidth as 
necessary. This flexibility lets them cover a bigger area, even though they might not be as precise in 
aiming (Singh & Jha, 2012). 

Radiation PaĴern Characteristics 
Multi-beam antennas feature multiple narrow radiation lobes, each pointing to a beam, allowing 

coverage of multiple directions simultaneously (Guan et al., 2019). On the one hand, adaptive array 
antennas can change how they send signals based on what's around them, providing pliability in 
coverage and interference mitigation (Kodgirwar, Joshi, & Deosarkar, 2024). For these reasons, multi-
beam antennas cover many directions at once, while adaptive array antennas adjust to the situation 
for beĴer signal quality and less interference. 

Directivity 
Multi-beam and adaptive array antennas can send and receive signals in certain directions, 

which helps focus signal transmission and reception in specific directions. They can do this by 
concentrating the signal's beamforming capabilities toward the people who need them, enabling 
things to perform beĴer overall. Multi-beam antennas use multiple radiating elements to make 
several beams at once, covering more space (Ma et al., 2023). Adaptive array antennas can change 
how they send signals to changing environmental conditions, allowing them to function as best as 
possible. This enhances signal strength where needed and reduces problems from other directions 
(Zhao et al., 2022). 

III. Applications 
Adaptive Antennas in Radio Communications 

A rapidly developing field of radio communications is mobile radiocommunication. Enabling 
access to the fixed telecommunications network and facilitating communication amongst mobile 
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customers are its primary responsibilities. Mobile users move inside cells, which are suitably tiny 
sub-areas that are part of the wireless network's coverage area. A base station is installed in each cell, 
which is in charge of gathering and updating user data as well as mediating the user's connection 
with a designated subscriber of either the same network or a different network or fixed-line network 
(Series,2015). By dividing the space into cells, you may use the same frequency range for different 
uses while lowering the transmiĴer power. 

The radiocommunication system,mobile telephony, where the examined adaptive antenna 
control method can be used is subject to the following presumptions (Gupta,2015): 

1. Two frequency ranges are used by the system; 
2. channels upstream (from base station to mobile station) 
3. channels that go down (from mobile station to base station). 

This is a two-way communication that occurs in the frequency domain; the bandwidth utilized 
varies based on the operating frequency ( Kelner & Ziółkowski,2020). The issue of radio interference 
caused by base stations and mobile stations becomes increasingly significant as mobile radio 
communication systems expand and the number of users of these systems rises  

This relates to the base station antenna's radiation paĴern in terms of the antenna aspect. The 
detrimental effects of co-channel and adjacent-channel interference caused by the assumed evenly 
distributed electromagnetic field from the base station antennas and the fields generated by mobile 
stations should be taken into consideration when evaluating base stations with traditional antennas 
with omnidirectional radiation characteristics or sector characteristics. ( Valiente,2022).  

 
Figure 3. Diagram showing how the mobile station and base station communicate. 

Moreover, adaptive antennas can regulate the receiving antenna's zeroing band. This zeroing 
band was replaced by a method of forming the base station antenna's multi-beam radiation paĴern, 
in which each of the lobes that are created individually is in charge of preserving communication and 
tracking a particular mobile station or group of mobile stations (beam forming) ( Hawro,et.al., 2019). 
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Figure 4. Using base stations with adaptable antennas, a land mobile radio communication network is 
established. 

Adaptive Antenna System Application to Web Radio System 
Adaptive antenna technique has a significant function in the IoT environment in order to create 

a stable and reliable wireless communication in high congestion situations. Electromagnetic wave 
propagation in non-line-of-sight environments is extremely complicated and unpredictable, even 
with knowledge of the antenna parameters beforehand. For this reason, optimizing the antenna 
radiation to maximize signal reception is crucial for a beĴer wireless link. The answer to this is a 
straightforward but efficient Wi-Fi adaptive antenna system that makes use of the ESP32-PICO-D4's 
highly integrated function. All of the parts needed for Wi-Fi and Bluetooth applications are included 
in this system-on-chip, with the exception of the antenna. Completed web radio system, measuring 
50 x 50 mm, including dielectric antennas, high-resolution audio DAC, and SP3T RF switch 
(Kodera,2018). 
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Figure 5. Figures (a), (b), and (c) display the RSSI of an access point that is identified by its SSID for antenna 
number "n." Figures (d) and (e) demonstrate the selection of the optimal antenna for communication and the 
initiation of the web radio process. 

Adaptive Antenna in Worldwide Interoperability for Microwave Access 

 
Figure 4. Block diagram of Adaptive Antenna in Worldwide Interoperability for Microwave Access. 

At the receiver module, an adaptive antenna system has been installed to lessen the fading effects 
brought on by the suggested channel model. Beam shaping techniques are employed by Adaptive 
Antenna Systems (AAS) to concentrate the wireless beam between the base station and the subscriber 
station. The transmiĴer (SS) and receiver (BS) in this work are fixed, and the main beam is directed 
toward the intended LOS signal and nulls toward the multipath signals using an AAS mounted at 
the reception. The Least Mean Square (LMS) algorithm-based FFT beamformer is employed. Using 
MATLAB simulations, it has been demonstrated that AAS, which implements beam formation in the 
intended user's direction, greatly improves system performance. By increasing the number of 
antennas at the receiver, the system's performance further improved ( Abboud,2015).  
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Application of Artificial Intelligence Method in Adaptive Antenna System 
Adaptive antenna systems (AAS) are using more and more artificial intelligence (AI) techniques 

to improve wireless communication performance. Through the use of deep learning, particle swarm 
optimization, or evolutionary algorithms, these techniques improve beamforming weights to increase 
coverage area and signal-to-noise ratio (SNR). AAS can adjust to shifting channel circumstances 
thanks to artificial intelligence (AI) techniques including machine learning algorithms (e.g., SVM, 
RNN) that estimate channel parameters. By utilizing reinforcement learning to locate and reduce 
interference sources, AI also helps with interference mitigation. AI also creates synthetic radiation 
paĴerns to meet certain needs, such enhancing signal strength and reducing interference.AI-based 
AAS enhances dynamic spectrum access, maximizing spectrum use. AI also helps with resource 
allocation, diagnostics, problem detection, and general efficiency gains, which increases AAS's 
adaptability to changing communication contexts (Rozhnovskyi & Rozhnovska).  

IV. Limitations  
The computational complexity of adaptive antennas is one of its limitations, particularly in 

situations when a lot of antennas are used or when sophisticated algorithms are being used for 
beamforming and optimization. The considerable processing power and memory requirements may 
prevent adaptive antennas from being used practically in some applications (Balanis,2016). Adaptive 
antennas' susceptibility to some forms of interference, such as powerful narrowband signals or 
sources of spatially correlated interference, is another drawback. By distorting the beamforming 
process or impairing the adaptive antennas' capacity to adjust to shifting channel circumstances, 
these kinds of interference might deteriorate their performance. Furthermore, the accuracy of the 
channel state information (CSI) estimate, which is essential for beamforming and interference 
mitigation, might have an impact on the performance of adaptive antennas (Rappaport,et.al., 
2017).Furthermore, adaptive antennas' susceptibility to mistakes in the estimate of channel state 
information (CSI), which is necessary for beamforming and interference reduction, is another 
drawback. Inaccurate CSI can result in less-than-ideal beamforming, which lessens the ability of 
adaptive antennas to reduce interference and enhance signal quality. Additionally, the effectiveness 
of adaptive antennas may be hampered by their inability to keep antenna elements in 
synchronization, particularly in dynamic situations with rapidly changing channel circumstances 
(Liu,et.al.,2013). 

V. Conclusions 
Adaptive antennas have been significant in the advancement of wireless communication systems 

by dynamically modifying radiation paĴerns for best signal reception and transmission. This has 
been highlighted by the literature study on adaptive antennas. Beamforming, channel prediction, 
interference mitigation, and spectrum utilization are only a few of the adaptive antenna features that 
have improved with the assistance of the AI techniques. Regardless of their enormous potential, 
adaptive antennas face difficulties such as computational complexity, exposure to specific 
interference types, and the criticality of precise CSI estimation. The full potential of adaptive antennas 
in next-generation wireless communication systems will need to be unlocked through more research 
and technology breakthroughs, since doing so will promise improved performance, efficiency, and 
flexibility. 

V.I. Recommendations 
A number of recommendations are made for further study on adaptive antennas based on the 

indicated literature review. First, in order to improve adaptive antenna performance in areas like 
beamforming and interference mitigation, sophisticated AI approaches like deep learning and 
metaheuristic algorithms need to be investigated. Secondly, by creating robust beamforming 
algorithms and error-resilient CSI estimate approaches, efforts should be directed on enhancing the 
resilience and dependability of adaptive antennas, especially in dynamic seĴings. Further research is 
also required to validate adaptive antennas in practical seĴings while taking scalability and 
technology limitations into account. To enhance performance in congested spectrum conditions, new 
methods of mitigating interference, such combined beamforming and interference cancellation, 
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should be explored.Standardization efforts are also crucial to ensure compatibility with existing 
wireless communication standards. Furthermore, studies on adaptive antenna designs and 
algorithms that use less energy can greatly increase energy efficiency as a whole. To concurrently 
maximize many performance indicators, multi-objective optimization techniques should be taken 
into consideration. 
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