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INTRODUCTION

Machine learning (ML) and artificial intelligence (Al) have been very beneficial in applying
on optimization of antenna respectively as to complex environment in the modern
communication systems. Many previous approaches to designing antennas may work well
but cannot cope with the continuously increasing expectations in terms of performance
and flexibility especially when it comes to communication in urban environment or within
crowded networks and novel 5G/6G use cases. The application of Al and ML algorithms in
the designing of antennas means that designers can easily improve other key parameters
such as the radiation patterns, the frequency responses and the materials to be used.
Such algorithms shall be capable of assessing the array pattern performance under various
conditions including interference, environment and bandwidth demand for an automatic
corrective action. Methods such as reinforcement learning and genetic algorithms aid in
designing reconfigurable smart and smart antennas; they change with time. In addition to
that, using optimization techniques rooted in Al, iterations of designs and evaluations are
cut by merging the processes of simulation and evaluation checks. | have used integration
of Al in a way to improve not only the efficiency and the performance of the antennae but
it facilitates the development of new and sophisticated designs for complex segments such
as loT, satellite communication and auto mobile communications. The integration of Al
with antenna technology therefore sets a new chapter on for development of sophisticated
adaptive efficient and high performing antennas for emerging systems.

Author’s e-mail: Lamj643@chosun.ac.kr, kim.leeé@chosun.ac.kr, xeluo@chosun.ac.kr

How to cite this article: Jun L, Kim L, and Xe L. Implementation of Machine Learning
and Artificial Intelligence Methods in Enhancing the Efficiency of Models of Antennas in
Complicated Conditions. National Journal of Antennas and Propagation, Vol. 6, No. 2, 2024
(pp. 17-25).

Optimization issues due to Al are paving way for the
revolution in antenna designs and how the engineers
tackle the extremely challenging component. Machine
learning as well as contemporary artificial intelligence
methodologies will affect the effectiveness and operation
of antennas in many applications. Al integration with
antennae design creating avenues of opportunities
in influencing improved signal quality, practical filter
interference and system dependability. To create new-
generation Antennas, consequently, the solution is in Al
techniques: researchers investigate various approaches.
Continual deep neural networks for optimization of
complicated antenna behaviours Antenna geometries are
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being evolved through the aid of evolution algorithm.
Antenna parameters are optimized by swarm intelligence
techniques while the outcomes are enhanced by
integrating more than one technique. These concepts
leading to the development of automated solutions for
the antenna design and are envisaged to transform the
antenna design industry and make it possible to design
better and more efficient antenna systems.

FUNDAMENTALS OF ANTENNA DESIGN

The design of the antenna plays a critical role in
the operation and effectiveness of the wireless
communication applications. Decision makers designing
state-of-the-art antenna technologies need primary
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parameters to control sources that provide data on
traditional antenna optimization approaches. These
fundamentals lay the essential ground work on how best
to apply state of the art artificial intelligence techniques
to the design of new antennas.

Key Antenna Parameters

Several determining factors however, determine the
working capability of an antenna. These are gain,
bandwidth, radiation pattern, Voltage Standing
Wave Ratio (VSWR) and polarization. All these
parameters are very important in defining the antenna
performances depending on the application level. Gain
is a mathematical representation of how much energy
sunlight focused by the antenna can be placed into a
certain direction as opposed to in all directions as an
isotropic antenna. It makes a significantly effects the
usability of the electronic communication devices. For
example, satellite dishes need a very high gain to capture
really weak signals from geo-stationary orbit satellites
while local wireless routers have a gain of approximately
5 dBi to cover a few rooms only.

Band width refers to the number of frequencies which an
antenna could effectively use. It has a great impact with
regard to the amount of information it is able to transmit
and or receive through the antenna. For example, UHF
antennas used in digital TV broadcasts require the
bandwidth range of 470 MHz to 862 MHz operations
for the perfect signal reception. The radiation pattern
is a representation of the pattern in which an antenna
radiates the radio frequency energy in a given space.
This parameter is one of the most important in the
context of communication system design. For example,
a conventional omnidirectional base station of a Wi-
Fi network may have a radiation pattern of a shape of
a doughnut in order to deliver maximal coverage of a
dwelling house.

It is a parameter that states the degree of match of an
antenna to both the transmission line and the transmitter.
It shows by how much the power is reflected back to
the transmitter. For most home Wi-Fi systems, a VSWR
value of 1.5:where values 1 or lower are deemed to be
good enough to make sure that only a small percentage
of it is reflected back. Polarization is the orientation of
the electric field of the radio wave transmit or received
by a given antenna. It drastically influences the match
between transmission and reception in communication
systems. For instance, satellite TV broadcasting antennas
the circular polarization is used to minimize losses which
would be occasioned by variations in the atmospherical
conditions as well as physical barriers.
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Fig. 1: Advanced Al Techniques in Antenna Design
Optimization

Traditional Optimization Methods

As machine learning and artificial intelligence have
not been considered initially the breadth of antenna
optimization used other techniques. These approaches
perhaps sought to optimize a parameter of the antenna to
meet certain or specified characteristics. These previous
methods have included the iterative approach wherein
engineers physically change antenna characteristics and
test, in order to arrive at the undesi” turbulence levels.
However, this method is tiresome and requires a lot of
resources to be applied and very often the results are
dependent on the human factor. Numerical validation
methods have been equally utilized in the design and
analysis of antennas. These are; The finite difference
time domain methods, the finite element method and
the method of moments. In their way, each of the listed
techniques has relative benefits for the analysis of various
antenna structures. Contrary to earlier years, Computer
Aided Design (CAD) tools like Advanced Design System
(ADS), High-Frequency Structure Simulator (HFSS),
Computer Simulation Technology (CST), and Integral
Equation Three-Dimensional (IE3D)are requisites in
antenna designs. These tools offer features for effective
simulation solutions but may lack in some aspects of
modeling and delivering performance. Electromagnetic
analysis at design level has been a convenient tool in the
optimization of many antennas using full-wave analysis
techniques. But this method may take a lot of time
to implement, particularly when it finds application
with large complex antenna structures. In many cases,
the computational cost becomes a major factor that
slows down the optimization process. With the ever
increasing call for higher data rates, wider coverage
and reliability more elaborate optimization methods
have become equally important. By doing so, it has
created a foundation for applying the concepts used in
machine learning and artificial intelligence in the design
optimization of antennas.
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Machine Learning Basics for Antenna Design

From the survey conducted it is clear that machine
learning plays a crucial role in improving the antenna
design as it opens up new ways of enhancing performance.
With new highly integrated and sophisticated antenna
designs being developed, engineers are using machine
learning algorithms for developing trained models
for actual physical antenna design and rapid and wise
optimization.

Supervised vs Unsupervised Learning

In the context of antenna design it is seen that both
supervised as well as unsupervised learning methods are
possible. Supervised learning deals with the learning
from a teacher, the model learns from a dataset, the
input variables and the output variables being known.
This approach has been used to accurately estimate
antenna performance parameters using design variables.
While unsupervised learning deals with data without
specific outcome values and focuses on finding patterns
in the data. In this method the same has been used for
clustering the similar antenna designs or for discovering
unseen relations between the design parameters.
Another significant machine learning algorithm that
is usage in antenna optimization is the Evolutionary
Algorithm. This approach is metaphorically based on
biological evolution; it assesses a population of solutions
for fitness, then generates progeny by ‘mating’ the fittest
solutions by recombination of their representations,
and then undergoes random ‘mutations’. This method
has produced unorthodox but efficient antenna designs
which probably a human engineer would not have come
up with.

Feature Engineering for Antennas

Feature engineering is the process of engineering
differentiated attributes on the base data in order to
apply machine learning on procedures like antenna
design. It refers to feature extraction and feature
engineering where real-world features defining input
parameters are chosen and subsequently altered to
enhance the operation of machine learning algorithms.
For antenna applications, feature engineering may
include:

1. Geometric parameters: Its frequencies, sizes and
arrangement of the antenna elements.

2. Material properties: Dielectric constant, conductivity
and permeability of the materials used during
determination.

3. Frequency-related features: Class of service
interactions, operation frequency range and
bandwidth.

4. Environmental factors: Effects of weather or climate
conditions, such as temperature, humidity, etc that
may have negative influence on the antennas.

By being deliberate on what and how these features are
chosen and constructed, the machine learning models
are able to provide stronger correlations between
the antenna design parameters and the performance
measures (Table 1).

Various approaches have been derived to handle
problems of high-dimensional design and non-linearity
of antenna response. Some of the techniques which have
been identified include modeling within constrained
domains, use of multi-fidelity simulations, and the use of
response feature technology. The feature-based methods
are based on reformulation of the original optimization
problem through the help of specifically chosen
characteristic points of system responses and their weak
nonlinear relationships with design parameters. A low
cost innovative method of adjusting the parameters of
antennas globally can be implemented by a machine
learning procedure which applies the enhancement of
the merit function as the infill criterion. The design
of this method draws a bio-inspired algorithm as the
fundamental search engine and constructs a metamodel
below kriging interpolation built in a reduced-
dimensionality domain, which has a significant effect
on computation time. Optimization of parameters of
the antennas is made possible through the application
of machine learning techniques leading to improvement
of other performance indicators like gain, bandwidth,
radiation pattern among others. These methods have
been studied in several antenna configuration such as
millimeter wave, body-centric, terahertz, satellite,
unmanned aerial vehicle, GPS and textile antenna. Key

Table 1. Polarization Types

Polarization Type Definition

Example Antennas Common Applications

Linear Electric field oscillates in a straight line | Dipole, Yagi-Uda TV transmission, FM Radio
Circular Electric field rotates circularly Helical, Spiral Satellite communication, GPS
Elliptical Electric field follows an elliptical path Crossed-dipole Specific satellite communica-

tions
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benefits of the machine learning approach in antenna
design include the following. They enable faster
optimization processes, fewer simulations, and better
computational feasibility. Finally, machine learning
models can quantitatively represent the dependency of
the design parameters on the performance metrics that
may be conceived qualitatively by human designers.
Hence, the application of machine learning is widely
anticipated as the theory of antenna progresses into
the future in fulfilling the next generation of wireless
communication networks.

DEEP NEURAL NETWORKS FOR ANTENNA MODELING

Deep neural networks (DNNs) have recently emerged as
efficient solution for modeling and optimizing designs
of antennas. These innovative artificial intelligence
and machine learning based methods show substantial
improvements over conventional approaches, and help
engineers deal with difficult problem of optimizing
complex antenna systems.

DNN Architectures

Different architectures of DNN have been used in
antenna modeling with their differentiation based on
various factors. There is one of the most important for
the work of the antenna, which is called Long Short-
Term Memory (LSTM) layers, that were successfully
optimized across a wide frequency band. For example, a
representative DNN structure for antenna modeling will
contain several LSTM layers, including three, and a fully
connected layer. This structure enables the network to
model point-dependent and long-dependent relations in
the data of antenna performance (Figure 2).

Another attractive architecture is the consensus deep
neural network that demonstrated striking performance
in the domain of antenna design and optimization. This
approach uses more than one neural network to get
improved and better predictions than that of a single
neural network. Furthermore, CNNs have been also
applied for the modeling of antennas, especially in cases
of 3D-printed dielectrics and lens antennas. The specific
architecture of the DNN significantly affects how well
the model of a specific antenna can be trained and the
dependences of the antenna performance parameters
on the design parameters. The antenna design problem
faced by engineers must be clearly defined when
choosing a DNN architecture that fits a particular need.

Training DNNs for Antenna Design

In order to build an accurate regression DNN for antenna
modeling, the following factors have to be taken into
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Fig. 2: Deep Neural Networks for Antenna Modeling

account. These are factors such as the size and quality of
the data set, the number of hidden layers and neurons,
as well as the input and output features respectively.

The training process typically involves dividing the
available data into three sets:

1. Training set (70% of data): In order to make the
model learn the features which are not very much
evident, they are employed for training the model.

2. Validation set (15% of data): Used during training to
evaluate the correctness of the proposed model.

3. Test set (15% of data): Used when determining the
performance of the final model which has been
developed.

For improving the overall training process and
reconfiguring the DNN structure, methods like BO, with
its efficient, automatic search capability that helps
find extremely recognizing hyperparameter, is used by
the researchers. This has been applied to find the right
numbers of layers and neurons within the network hence
enhancing their accuracy and reducing the normalized
root mean square error (RMSE) (Table 2).
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Table 2. Testing Parameters

Test Parameter Measurement Unit

Testing Tool/Instrument

Purpose

Return Loss dB

Network Analyzer

Measure signal reflection

Radiation Pattern | Cartesian/Polar plot

Anechoic Chamber

Visualizes the signal strength in different directions

Impedance Ohms Vector Network Analyzer | Ensure impedance matching

Gain dBi Gain Measurement Setup | Measure how much power is directed towards a specific
direction

Polarization Angle Polarization Tester Verify the orientation of the electric field

Antenna design characteristics such as size, shape,
material type and frequency response are typical input
values for the DNN. Output features are commonly used
targets such as 511 parameters and gain results. These
characteristic parameters are obtained from simulation
and fed to the DNN for training of accurate prediction of
the antenna response.

Another beautiful method to train DNNs of the antenna
design has been presented where the Thompson
Sampling Efficient Multiobjective Optimization algorithm
is employed. This method nested iterative response
surface using Gaussian process surrogate models to
carry out optimization more efficiently and also enables
parallel assessment of various simulations. To enhance
the antenna design, the combination of the physics-
based constraints also yields promising results in the
DNN training using Isoguard for enhancing the accuracy
of the trained DNN models. By introducing physical laws
in form of Maxwell’s equations as regularising terms to
the loss function, investigators have engineered data-
and physics-enhanced, neural network models capable
of accurately and swiftly predicting electromagnetic
field patterns. In the future, as new approaches are
developed for the design of antennas, DNNs will more
and more find application in creating effective antenna
designs. These Al techniques present a new promise to
update the conventional antenna design practice more
towards improved antenna systems and future wireless
communication networks.

EVOLUTIONARY ALGORITHMS IN ANTENNA OPTIMIZATION

Studies on evolutionary algorithms have benefit the
design of antenna in great ways by providing new
solutions towards difficult problems of optimization.
These techniques based on natural phenomena are
bringing great revolution in the techniques of antenna
synthesis and greatly facilitate the work of engineers
who create important antenna systems for various
applications with increased efficiency and precision.
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Genetic Algorithms

Genetic algorithms (GAs) are used extensively in antenna
optimization; they closely imitate Darwin’s program of
evolution. Starting with a set of basic antenna shapes,
these algorithms adjust the current set and produce
other potential designs. The process involves several key
steps:

1. Initialization: One starts with a population of random
antenna designs as an input to the algorithm.

2. Evaluation: These are then evaluated against well
defined design performance parameters.

3. Selection: By selecting the best designs, then
the future copies are produced from those that
performed well.

4. Crossover and Mutation: New designs are made
by using certain design selections to develop new
designs or to modify existing ones slightly.

5. Iteration: The process continues with iteration till
the results which are satisfactory are arrived at.

GAs have been most suitable in creating designs of
shapes that are difficult to model by hand such as
asymmetric antenna designs. Such evolved antennas
can be superior to more traditional designs since they
search a large solution space and can discover what are
effectively non-intuitive geometry configurations. In this
view, the usefulness of the GA in antenna optimization
is seen as that: of addressing multimodal problems.
This makes them particularly useful for tasks such as
optimizing metamaterials, synthesizing array patterns
for minimum sidelobe levels and designing structures
with other desired platforms such as band notches or
multiple operating bands.

Differential Evolution

DE has been used in antenna optimization since it
was presented by Storn in 1997.Since This type of
evolutionary algorithm has been researched for quite
a while and used in many optimization and engineering
categories, including antenna design.
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Fig. 3. Evolutionary Algorithms in
Antenna Optimization

DE works with the population of potential solutions,
using vector differences to go through the space of
search. The algorithm follows these main steps:

1. Initialization: Creation of a population of random
solutions is made.

2. Mutation: A new candidate solution is created by
taking weighted difference of two randomly chosen
population members.

3. Crossover: To this end, mutated solutions are
incorporated with certain other solutions.

4. Selection: Exceptions of the best solutions for the
next generation are made.

Major studies in DE research have recently been
devoted to improving the utilization and performance
of DE. Accepting this as our baseline, researchers
have suggested several alterations to enhance the
efficiency of the algorithm in antenna optimization
problems. These improvements comprise self-tuning,
innovative control factors, integration of DE with other
algorithms, and new operators suitable for antenna
design issues. In the field of antenna design, use of
DE has been equally applied to solve the problem of
cross polarization discrimination. Based on the results
obtained in DE algorithms, improvements of the E-plane
or H-plane cross-polarization have been established,
which indicates that these algorithms can be applied to
improve the performance parameters of an antenna.

Despite the advances made in evolutionary algorithms
for antenna optimization including GAs and DE, one
of the issues that are seen to still present a challenge
is the computational cost of the two algorithms. But,
researchers have found ways to reduce this problem, for
instance, surrogate model-assisted differential evolution
(SADEA). This approach employs surrogate models to
minimize the number of electromagnetic simulations
performed within the course of the optimization.

2

Thus, it will remain possible to observe a growing significance
of the applications of the evolutionary algorithms in the further
development of the innovative efficient solutions in the field
of antenna designing. Evidently, these modern optimization ap-
proaches provide capabilities to enhance antenna design pro-
cedures and contribute to improved development of complex
high-performance antenna systems satisfying the requirements
of new wireless communication networks.

Swarm Intelligence for Antenna Design

Application of techniques based on swarm intelligence
approaches have grown to be powerful solutions in
optimizing the antennae design; therefore proving useful
in addressing some of the emerging challenges in the field
of engineering electromagnetics. Application of these
methods reduces the complexity of antenna synthesis by
providing understandable depictions inspired by nature,
with significant implications for improving antenna
system performance efficiency and accuracy.

Particle Swarm Optimization

In developmental PSO, there has been increased
attention in the antenna design due to the great success
in handling multidimensional problems. Based on the
nature of the organization of numerous such societies
like birds in search of food the PSO has been found
to be a very stable approach to the optimization of
antenna characteristics. The PSO algorithm starts with
the generation of particles with random positions and
velocities and continues to update the position of the
particles until the optimal value for particles is obtained.
Every particle maintains a record of communication
history and the history of the swarm’s best experience.
Each particle is given a position and a velocity within the
search space; the position is thus a potential solution
to the problem under consideration while the velocity
determines the kind of movement this particle should
take in search of a better position.

The feature that makes PSO amenable to antenna design is
its capacity to attend to both real and binary parameters
and multi-objective function concerns which encompass
more than one optimization objective. This flexibility
makes it possible for engineers to independently vary
multiple antenna parameters suitable for applications,
frequency response, radiation characteristics and
physical size. Several past work has presented the use
of PSO in the synthesis of dual-band patch antennas,
artificial ground plane for surface wave, and aperiodic
antenna array. When the PSO communication kernels
control external electromagnetic analysers, researchers
have obtained sufficiently high efficiency in adjusting
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several essential parameters of antenna characteristics,
such as directive gain, F/B ratio, and HPBW. In order
to improve the performance of PSO optimizing the
antenna, other methods such as meta-optimization
have been developed. This involves the application of
another optimization algorithm to come up with the best
behavioural parameters required for improving PSO’s
performance on some antenna design issues.

Ant Colony Optimization

Also a swarm intelligence technique that can be applied
on antenna design is the Ant Colony Optimization (ACO).
Imitating foraging of ants, ACO has been effectively used
in numerous antenna optimization tasks for example,
null steering in linear antenna arrays and optimization
of uniform circular antenna arrays.

The given ACO algorithm works similar to ants in the way
they search for food with the help of some substance
called pheromone trail. In the context of antenna
design, this is interpreted as searching for suitable
positions of antenna elements in order to realize specific
characteristics of the design.

Tone 8 explored one of the specific uses of ACO in
antenna design, which examples include the modified
touring ant colony optimization algorithm for null
steering of linear antenna arrays. This approach also
has means of controlling both amplitude and phase of
the elements in an array together with aspects like the
maximum sidelobe level, null depth level, and dynamic
range ratio in pattern synthesis. For better search
capability of ACO in antenna optimization, researchers
have proposed many improvements. These are; the
elite strategies involve putting ‘elite’ on the ants on the
shortest path together with improving the pheromone on
that path. Furthermore possible uses of scout ants and
field guidance functions as well tasks of blind selection
have been discussed to avoid negative usage during the
searching process.

With the antenna design progressing further with time,
swarm intelligence approach such as PSO and ACO are
likely to be major driver for designing novel and efficient
solutions. Innovative optimization techniques present
the possibility of overhauling antenna design procedures
and allowing the development of innovative and complex
antenna systems for new generation communication
networks.

Hybrid Al Techniques for Antenna Optimization

With today’sadvanced techniques, thereis the application
of more than one artificial intelligence technique to get
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the best optimality solution to the antenna problems.
These approaches are quite significant to the progression
of the antenna, and it opens new prospects for the
engineers to design effective antennae with better
performances in its functioning..

Neuro-Evolutionary Approaches

Neuro-evolutionary solutions couple features of neural
networks and evolutionary algorithms to improve the
antenna’s design. Thiscombined method uses the function
approximation of a neural network and the global search
of an evolutionary algorithm to navigate solution spaces
more proficiently. A specific contribution of neuro-
evolutionary methodologies to antenna optimization has
been the adaptation of evolutionary algorithms for the
initial setting of the weights of Multilayer Perceptron
MLP networks. From this technique, attempts have been
made towards the enhancement of rate convergence
and antenna radiation pattern estimation precision.
The integration of genetic algorithms with artificial
neural networks has enabled the researchers to solve
problems with less computational time while at the
same time offering high accuracy. The integration of
evolutionary algorithms and neural networks enables
the consideration of more solutions within the design
of the antenna. Whenever it is necessary to optimize
structures and parameters of neural networks, a kind
of evolutionary algorithms must be employed in order
to produce a model more effectively for some antenna
optimizing problems. It has been used most benefits in
cases where the antenna structure is complicated, so
that more important aspects of the geometry cannot be
optimized by mathematical equations alone.

Fuzzy-Neural Systems

Fuzzy-neural systems combine fuzzy logic and neural
networks in a way to produce strong and adaptive
adjustments for optimization of antenna configurations.
These combined FLS-NN systems take advantages of
using fuzzy logic handling on uncertainty and imprecise
data while using the learning and generalization from
the neural network. Of recent, reinforcement learning-
based fuzzy neural network (RL-FNN) has been proposed
for self-optimization of antenna tilt and power for
antenna application. This approach applies a distributed
fuzzy neural network to control the co-optimization of
coverage and capacity in cellular systems. The RL-FNN
is a five-layer structure, and through use of cooperative
Q-learning it is possible to learn from the signalling and
adapt the antenna parameters without input from the
operator. The fuzzy-neural system approach has proved
positive in demand to establish higher levels of service
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coverage and utilization in more advanced optimization
problems. Employing fuzzy inference rules along with
the neural network learning capability, these systems
adapts to the environmental fluctuations and allows
optimization a antenna parameters in real time.

The application of Hybrid Al to solve antenna problems has
the following benefits compared to the conventional technique.
They still enable faster convergence, lower computation time
and better accuracy on the prediction of the performance char-
acterization of the antennae. Furthermore, these new and im-
proved methods allow engineers to solve new and other more
profound problems associated with antenna design, as well as
perhaps find solutions that would have never been considered
with the use of simpler methods. Thereby integral part as well
as growing cloud of hybrid Al solutions are expected to take
central stage in shaping innovative antenna design as the field
matures. Since all these methods benefit from the strengths of
diverse artificial intelligence techniques, these methodologies
have the potential to transform antenna design processes and
build enhanced and innovative antenna structures to support the
future wireless communication networks.

1. Al-Enabled Antenna Design Automation

Antenna design automation is a major field influenced by arti-
ficial intelligence existing to make engineers rethink complex
optimization problems. The applications of intelligence tech-
niques within the design process of the antenna enable the con-
duct of smarter and efficient ways of designing superior anten-
nas systems. This converging of two traditional disciplines of
artificial intelligence and antenna design presents new opportu-
nities for signal conditioning in wireless systems with reduced
interferences and increased system reliability.

1.1 Automated Topology Generation

Automated Topology Generation is one of the major achieve-
ments in the recent advancements of Al in Antenna design
Automation. This methodology utilize machine learning algo-
rithms to search large design spaces and generate new antenna
structures that might not usually be discovered using traditional
design methodologies.
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Heuristic optimization techniques, including both GA and
PSO, have been widely applied to the computer-aided
synthesis of antennas. These nature-inspired techniques
perform a global search of the design space of the
specific given antenna in order to get nearly-optimum
antenna designs. Thus, the incidence of a need to unify
various antenna specifications employing evolutionary
algorithms are almost exclusively advantageous for
the fact that they do not require prior designs to be
prepared to be tweaked, as this is usually a very time
and labor consuming experience-based deterministic
tuning process. The use of SAEAs in evolutionary
algorithms was developed by the researchers to increase
the performance of the algorithms. These combined
strategies utilize the global search characteristics
of evolutionary algorithms and local approximation
by means of surrogate models constructed by way of
machine learning techniques. SAEAs have repeatedly
displayed five- to twentyfold improvement in speed of
optimization in comparison with standard numerical
optimization methods or delivering designs of higher
quality.

Self-Optimizing Antenna Systems

Self-optimizing antenna systems have recently emerged
as the strategy that has spurred the interest of researchers
to use Al techniques that could make antennas self-
optimizing. These systems employ machine learning
to automatically control and adapt the characteristics
of the antenna because of the environment and
performances demands. Another brainstorming use of DR
has been the design of a new smart antenna system for
the self-optimization of the antenna tilt and power using
reinforcement learning based fuzzy neural network (RL-
FNN). This approach employs the distributed fuzzy neural
network to jointly control the coverage and capacity
in the cellular system. The RL-FNN contains five layers
and by means of cooperative Q-learning to learning
and tuning antigen parameters all on its own with no
involvement of human being. Due to the complexity of
high dimensionality and the non-optimized characteristic
of the antenna response space, several methods have
been introduced. These are modeling within fixed-scope
scenarios, use of multiple-fidelity simulations, and use
of response feature technology. Feature-based methods
imply rewriting of the optimaization problem by means
of suitable characteristic points of the system outputs
and their weakly nonlinear relations with the design
variables.

As the complexity of the antenna designs continues
to rise, the engineers are opting to use the machine
learning technique to create the trained models for the
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actual physical antenna designs, and then perform the
intelligent and fast optimization. These trained models
allow different optimization algorithms and objectives
to be solved rapidly, typically within seconds which can
be used as comparative studies as well as for stochastic
analyses for tolerance investigations. The use of Al
techniques in the automation in the designing of antennas
has the following benefits over the conventional practice.
It entails enabling faster optimization processes, fewer
simulations are necessary in the calculation, and it has
enhanced computational effectiveness. Also, with Al, one
can meet the interdependence of design parameters and
evaluate it side by side with the outcomes of a human-
centered design.

CONCLUSION

The application of Al techniques in the development
of the antennae introduces new era that contributes
to the improvement of signal quality, minimization
of interferences, and general system reliability of
the design. Applications of deep neural networks,
evolutionary algorithms, swarm intelligence techniques
and other methodologies are the new emerging state-
of-the-art techniques in the antenna optimization. This
integration of Al and antenna engineering results in faster
optimization procedures, lesser number of simulations
needed, and much better computational effectiveness,
all of which helps the engineers to handle these issues
in smarter ways. Prospects are that Al techniques
hold an even more important role in addressing the
challenges that require novel and more efficient
antenna solutions for future wireless communication
systems. That is, the potential of these techniques for
establishing relationships between design parameters
and performance metrics which are impossible to define
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by human intuition opens a number of opportunities to
develop more advanced and high-performance antenna
systems. This on going revolution in the automation of
antennas design holds the most promise to take the field
to even higher levels and perhaps discover unimaginable
improvements to the wireless technology in the future.
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