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Advanced design and analysis of dual element
MIMO antenna for Ultra-Wideband Applications

Ramamohan B, and Siva Ganga Prasad M

Abstract—This investigation uses the Genetic Optimization
Method to convert a wide-band MIMO antenna into a UWB
(3.1GHz–10.6 GHz) MIMO antenna. Initially, a 22 × 42, mm2

wideband 2X2 MIMO antenna was designed using commercial
Flame Retardant-4 material. The structure of the antenna patch
was designed using half-circular forms on the half-ground plane.
The designed MIMO antenna operates throughout a large fre-
quency range of 4.8-9.8 GHz. While it was successful in achieving
broad band characteristics, this MIMO antenna was unable to
reach ultra-wide band characteristics. The MIMO antenna was
operated in UWB ranges by a parametric study, which indicated
that the resonating characteristics can be significantly modified
by inserting a rectangular slot into the ground plane. Throughout
the operational range, it was important to be concerned about
improved gain and good isolation. Accordingly, optimization was
carried out in order to accomplish the essential, multi-objective
goals. The difficult multi-objective design goal is now reduced
to an optimization challenge by means of genetic algorithm
based random search. One of the performance goals that this
optimization strategy aimed to fulfil was an increase in isolation
to -20 dB across the entire Ultra-Wideband, with S11 being below
-10 dB from 3.1 to 10.6 GHz. It is recommended to randomly
select the parameters from their respective ranges for this work.
This led to the selection of an optimizer based on random
searches. In the operating range, the UWB has a respectable
gain of 4 dB to 6 dB and increased isolation to -20 dB, according
to the genetic algorithm optimizer’s execution of the predefined
multiple-objective task.

Keywords—MIMO antenna; Optimization; Mutual coupling;
Ultra-Wideband; Isolation

I. INTRODUCTION

WHEN compared to more standard wireless methods,
ultra-wideband (UWB) technology offers greater com-

munication throughput while using significantly less power. Its
use of a broad-spectrum, ultra-short pulse with very little en-
ergy means it causes less interference with other technologies
that rely on short-range wireless communication, like wireless
personal area networks and location tracking. The commercial
radar industry was the first to embrace ultra-wideband tech-
nology, which found its way into consumer electronics and
wireless personal area networks. As time has progressed, it has
found new uses in fields as diverse as radar systems, wireless
communication, and even medical equipment. Ultra-Wideband
had a monopoly on military use until 2001, when it began to
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see widespread use across industries because of technologi-
cal advancements. The Federal Communications Commission
(FCC) opened the door to the public’s commercial usage
of ultra-wideband technology in 2002. The U.S. uses ultra-
wideband spectrum, which is defined by the FCC and ranges
from less than 3.1 GHz to 10.6 GHz [1] [2]. Numerous
applications were granted access to this spectrum, including
Wireless Personal Area Networks (WPANs), location tracking,
and high-speed data transport.When used in a vehicle, the
UWB MIMO antenna can manage both high-speed data and
multimedia communications. The UWB MIMO antenna may
work well for car communications on the roof and in the side
mirror, where there is a small change in radiation patterns
[3]. In MIMO sensitive characteristics like as the effects of
the aperture (slit), coupling gap, and stub are investigated for
improved impedance matching and bandwidth enhancement.
MIMO antenna with grounded stubs and metamaterial are
employed in to improve isolation and to achieve wide band
phenomenon [4] [5].Ultra-wideband (UWB) MIMO technol-
ogy is a promising approach for improving the efficiency of
wireless communication systems. By using multiple antennas
at both the transmitting and receiving ends, MIMO technology
can increment the data rate, improve the precision of range
estimates, reduce the power spectral density, and increase
the wireless communication system’s channel capacity [6].
UWB technology operates in a frequency band that is much
wider than traditional wireless communication systems, which
enables it to transmit more data in a given amount of time. The
use of multiple antennas at both the receiver and transmitter
can also improve the signal-to-noise ratio and reduce the
amount of interference that a signal experiences. Overall,
UWB MIMO technology has the potential to significantly
enhance the performance and capacity of future wireless com-
munication systems, making it a promising area of research
and development processes and low-loss dielectric materials.
Frequently microstrip antennas, slot antennas, and patch anten-
nas are the printed antennas used for UWB MIMO systems.
These antennas have advantages such as light weight, easy
integration and low profile, with other electronic components
[7]. Low gain, narrow bandwidth, and poor radiation efficiency
are some of the antenna performance challenges caused while
designing small size antennas. Metamaterials, adding slots and
notches, and optimizing the geometries are just a few of the
suggested ways to overcome these restrictions and enhance the
performance of printed antennas for UWB MIMO systems. In
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addition, the mutual coupling between the MIMO antennas can
also have a significant impact on the overall performance of
the system. To reduce the mutual coupling, various techniques
have been proposed, such as using decoupling structures,
spacing the antenna elements apart, and using polarization
diversity. Overall, the integration of UWB and MIMO tech-
nologies in wireless communication systems has the potential
to revolutionize the way that use and experience wireless
communication. With the ongoing research and development
in this field, we can expect even more advanced and efficient
wireless communication systems in the near future. To reduce
the mutual coupling within the radiating elements various
methodologies’ were proposed including use of Parasitic El-
ements (PE), which are additional structures that are located
closely to the main antennas, but are not directly connected
to the feed network [8] [9].These PEs can effectively decrease
the interference between nearby antennas i.e. mutual coupling
which is produced by generating a secondary radiation which
is interfering with the main signal. Electromagnetic Band Gap
(EBG) structures are specially designed materials that can
manipulate electromagnetic waves and reduce their interaction
between closely spaced elements [10] [11]. EBG structures
have the ability to significantly reduce the interference caused
by the mutual coupling between multiple MIMO antenna
elements by providing a physical barrier between them. De-
coupling and matching networks are used to minimize the
mutual coupling by adjusting the impedance of the elements
of antenna. These networks are designed to compensate for the
impedance mismatches between the MIMO antenna elements,
which can reduce the mutual coupling between them. Finally,
neutralizing lines are another technique used to reduce mutual
coupling in MIMO antennas. Neutralizing lines are additional
conductive pathways that are located closely to the MIMO
antenna elements. These lines has the ability to significantly
reduce the interference caused by the mutual coupling between
multiple MIMO antenna elements by generating a secondary
current that interferes with the main signal. Overall, reducing
mutual coupling in MIMO antennas is crucial for achieving
high isolation and maintaining the system’s performance. By
combining different techniques and optimizing the design of
the MIMO antenna, engineers and researchers can achieve
the desired level of isolation and performance in small and
portable size UWB MIMO antennas. In order to determine
the optimal outcome for a given activity, a technique or
process called optimization is used [12]. This optimization
technique was invented in 1939 and was first known as linear
programming [13] with quick and efficient execution, and it
addresses the given issue. Many optimizing methods have
been developed, including continuous optimization, global
optimization, and derivative-free methods [14]. Antennas use
the optimization process to improve their performance by fine-
tuning various antenna characteristics using certain optimiza-
tion methods [15]. The algorithms that underwent random
search and sampling in order to complete an objective goal
included bracketing, local descent, and stochastic algorithms.
Not all domains call for a non-objective job that forbids any
calculation of derivates. The term ”black-box optimization”
is used specifically to describe this kind of non-derivative

calculation. Improving the performance and cost-effectiveness
of complex, compact, and smart devices is the main focus
of antenna optimization. Selecting suitable design parameters,
variables, and constraints is critical for accomplishing these
aims. Most antenna optimization problems have many objec-
tives that, for optimal results, must be satisfied simultaneously.
Because these objectives are mutually exclusive, it will be
very difficult to find a solution that satisfies all of them.
Two crucial considerations for antenna optimization are the
likelihood of several local minima in the objective function and
the expense of evaluating them. Finding the global minimum
directly can be a challenging and burdensome task. Finding the
best strategy for the optimization problem leads to appropriate
design solutions. For instance, although some optimization
challenges had simple potential answers, those solutions were
only discovered after extensive time and investigation. These
circumstances result in an improvement of the usual outcomes.
The improved outcomes, however, could not also represent the
global minimum [16]. Furthermore, the optimal solution to
the given problem cannot be guaranteed or achieved using
deterministic approaches. Stochastics solvers are therefore
a superior alternative. To identify the best solution for a
particular problem, some stochastic methods, such as the ant
algorithm [17], genetic algorithm [18] and particle swarm
optimization (PSO) [19] have demonstrated their effectiveness
and reliability, their slow convergence is widely acknowledged.
Furthermore, these approaches require a larger number of
variables for optimization, which can further slowdown the
process. and the more significant the number of variables,
the more computing power is required [20]–[27]. The antenna
optimization problem is thus rather contradictory; although the
quickly executable approaches only carry local guarantees at
the same time, the robust optimization strategies are probably
going to have very sluggish convergence. So, it is important
to choose the optimizing algorithms or optimizers carefully to
ensure that they are compatible with the task at hand. In this
work, we have optimized a MIMO antenna’s structural param-
eters using genetic optimizer. The objectives are to achieve a
-20 dB isolation and a UWB from 3.1 to 10.6 GHz. Since
there are multiple objectives, the optimized parameters should
lead to a UWB system that exhibits both strong gain and at
least -20 dB of isolation. In prior studies and current works on
antenna optimization approaches, researchers have primarily
concentrated on optimizing antennas’ parameters to achieve a
specific goal, such as a higher operating frequency, radiation
efficiency, gain, or isolation. Unfortunately, the multi-objective
optimization problems are only briefly mentioned in relatively
few articles. In order to achieve a UWB from 3.1 to 10.6 GHz,
a decent gain of 4 dB - 6 dB in the operational range along
with enhanced isolation of -20 dB, this work optimizes the
antenna design. The suggested model’s resonating frequencies
are determined by two ground plane variables (sw and sl).
Operating bands and other functional features are signifi-
cantly affected by slight adjustments in the aforementioned
variables. To operate the proposed antenna in UWB with -
20 dB isolation, all two parameters are chosen at random.
This sophisticated task requires more time and computing
power to do manually. Hence this design task was changed
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to an optimization task. To achieve the desired objectives,
an optimization technique based on random search is utilized
using the two parameters as the optimizing variables.

II. ANTENNA DESIGN

A. SISO Antenna Design

Initially, a Single Input Single Output (SISO) antenna was
designed on the FR-4 substrate. The SISO antenna was used
to build the proposed MIMO antenna design. A Upstox logo
inspires this SISO antenna design. The SISO antenna design
is simulated using the ”Ansys High-Frequency Structure Sim-
ulator (HFSS) version R2 2022”. The antenna design was
fabricated using FR-4, which is a flame retardant - 4 material
with advantages such as having good dielectric properties, can
withstand high-temperature fluctuations and can offer large
bandwidth, with a dimension of 22 x 21 x 1.5 mm3.

• Iteration-1:
The SISO model was implemented using a half circle with a

radius of 9 mm. This structure was fed using a 12 mm micro-
strip feed line, and this structure was supported by an entire
ground plane with dimensions of 22 x 21 mm2 as shown in
Fig. 1a. When excited, this structure was operating at 8.73
GHz, but the antenna return loss is less than -10 dB. Hence
further modifications are attained to this structure to resonate
in a wide band.

Fig. 1. Design steps of SEA: (a) step 1, (b) step 2, (c) step 3.

• Iteration-2:
To increase the antenna return loss and attain a wideband, a
concentric half-circle structure was developed by extracting

a 7 mm radius half-circle from the half-circle of a 9 mm
radius. Further modifications are attained to develop another
concentric half circle by removing a 4 mm radius half circle
from the 6mm radius half circle, as shown below in Fig. 1b.
These alterations were done to alter the surface currents in the
patch. The ground in this iteration was a full ground structure
with dimensions of 22 x 21 mm2. This structure was operating
at 7.73GHz with a return loss less than -10dB as illustrated
in Fig. 2. Hence further modifications are attained to this
structure to resonate in a wide band.

Fig. 2. Operating frequencies concerning SISO iterations.

• Iteration-3:
Another concentric half circle of a 2 mm radius is intro-

duced into the half circle to increase the antenna bandwidth,
as shown in Fig. 1c. The ground in this iteration was taken
as more than half ground structure with dimensions of 16.5 x
21 mm2. The operating range frequency of this model is 4.8
GHz to 9.8 GHz, and it has a return loss of more than -20
dB. Hence a wideband frequency is obtained in this result.
The overall parameters of the proposed antenna are given in
Table 1. This proposed SISO antenna is used to implement
the proposed MIMO antenna.

TABLE I
PROPOSED SISO ANTENNA PARAMETERS

S No Term Notation Dimension(mm)

1 SISO Ground Length SGL 16.5

2 SISO Ground Width SGW 21

3 SISO Feed Length SFL 9

4 SISO Feed Width SFW 2

5 Radius1 Sr1 2

6 Radius2 Sr2 6

7 Radius3 Sr3 9

B. MIMO Antenna Design

The proposed MIMO antenna was designed using three
design steps, as seen in Fig. 3. By effective use of the design
features of the developed SISO antenna, the dual-element
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MIMO antenna is developed. The proposed MIMO antenna
design was built on an FR-4 substrate with a dimension of 22
x 42 x 1.5 mm3. The patch elements structure of the MIMO
was constructed by mirroring the patch of the SEA design.

• Iteration-1:
Considering the results of the developed SISO antenna, the

proposed MIMO model was implemented using two upside-
down half circles with a radius of 9 mm each, as shown in Fig.
3a. These structures were fed using a micro-strip feed line of
12 mm, which was supported by an entire ground plane of 22
x 42 mm2. When excited, this structure operated at 8.73 GHz,
but the antenna return loss was less than -10dB as seen in Fig.
4. Hence further modifications are attained to this structure to
resonate in a wideband.

• Iteration-2:
To increase the antenna return loss and attain a wideband,

a concentric half circle of 7mm radius is detached from
each half circle of 9mm radii, as shown in Fig. 3b. Further
modifications are attained to develop another concentric half
circle by removing the 4mm radii half circle from the 6mm
radii half circle. The ground in this iteration was altered to
a half-ground structure with dimensions of 11 x 42 mm2.
This structure obtained a good return loss value, i.e., -27.2dB.
However, the antenna operates in dual bands at frequencies of
5.2 GHz and 6.7 GHz.

Fig. 3. Design steps of MIMO antenna: (a) step 1, (b) step 2, (c) step 3.

• Iteration-3:
To increase the antenna’s bandwidth, another concentric half

circle of 2 mm radius is introduced into both half circles, as
shown in Fig. 3c. A similar half-ground was considered as
like were being in the previous iteration. This specific model
uses a broad spectrum that spans between 4.8 GHz to 9.8 GHz
for operation. Hence a wide band was achieved as illustrated
in Fig. 5. With these parameters a prototype was built and
validated in the anechoic chamber, However, this model failed
to achieve optimal parameters such as good isolation gain and
efficiency. So, this particular model from iteration three was
selected for further alterations.

The ground plane structure from the MIMO iteration three
significantly impacts the antenna resonating characteristics.

Fig. 4. Operating frequencies concerning MIMO design steps.

Fig. 5. Simulated and Measured Operating Frequencies before Optimization.

So, a primary focus was laid on its modification. A rectangular
slot was opened on the ground plane structure with dimensions
of 3 x 4 mm2; with this modification, the antennas turned
to operate at 4.6 GHz to 9.8 GHz. This rectangular slot
showed a favourable result in achieving the required goals.
So, the geometrical parameters of this slot sl and sw were
parametrized to analyse the antennas resonating nature con-
cerning the changes in the sl and sw. The results obtained
from the parametric analysis failed to achieve the multi-
objective goal. Observing these results concluded that a more
advanced parametric analysis has to be performed on the two
variables simultaneously. Hence MIMO antenna’s structural
parameters were optimized using a genetic optimizer. The
objectives are to achieve a -20 dB isolation and a UWB
from 3.1 to 10.6 GHz. Since there are multiple objectives,
the optimized parameters should lead to a UWB system that
exhibits both strong gain and at least -20 dB of isolation.
In this work, a random search-based genetic optimizer was
chosen, as optimizer because this algorithm explores a wider
range of the search space, increasing the likelihood of finding
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the global optimum solution and does not require a lot of prior
knowledge about the problem being optimized.

TABLE II
PROPOSED SISO ANTENNA PARAMETERS

S No Term Notation Dimension(mm)

1 Ground Length GL 11

2 Ground Width GW 42

3 Feed Length FL 19

4 Feed Width FW 2

5 Radius1 r1 2

6 Radius2 r2 6

7 Radius3 r3 9

III. OPTIMIZATION
Randomness is a fundamental aspect of the genetic algo-

rithm (GA) and other evolutionary algorithms. In the GA, the
search process is guided by generating new solutions through
random changes to the current solutions, such as mutation and
crossover. Mutation involves making small random changes to
the genetic material of an individual, such as flipping a bit
in a binary chromosome or adding a small value to a gene
in a real-valued chromosome. Crossover involves combining
genetic material from two parents to create new offspring,
where the selection of the parents and the choice of crossover
points are often made randomly. The use of randomness in
the GA allows the search process to explore a wide range of
potential solutions and avoid getting trapped in local optima.
By generating new solutions through random changes to the
current solutions, the GA can continue to search for better
solutions over multiple generations.However, while random-
ness is an important aspect of the GA, it is also important
to balance it with other factors such as selection pressure
and elitism to ensure that the search process is efficient and
effective. (ACO). the genetic algorithm (GA) is often referred
to as a simple GA (SGA) due to its relatively straightforward
implementation compared to other evolutionary algorithms
(EAs) such as particle swarm optimization (PSO) or ant colony
optimization [20]–[27].

In a genetic algorithm (GA), a population is a collection
of candidate solutions, where each solution is represented as
an individual. The population size, denoted as pop size, is
the number of individuals in the population. Each individual
has a chromosome that encodes its genetic information. The
chromosome can be thought of as a string of symbols that
represents the individual’s genes, where each gene represents
a particular parameter or feature of the individual. The specific
form of the chromosome can vary depending on the problem
being solved and the representation chosen by the GA de-
signer. For example, in a binary GA, each gene might be a
binary digit (0 or 1), while in a real-valued GA, each gene
might be a real number. Other types of representations include
permutation, tree-based, and graph-based representations. The
goal of the GA is to evolve the population of individuals
over time by using selection, crossover, and mutation operators
to generate new individuals with different chromosomes that

may be better suited to the problem at hand. The fitness of
each individual is evaluated based on how well it solves the
problem, and individuals with higher fitness are more likely
to be selected for reproduction as shown in Fig. 6.

The fitness function is a mathematical function that eval-
uates the quality of a candidate solution represented by an
individual in the population. The result of the fitness function
is a fitness value that reflects how well the individual solves
the problem being considered. In general, the higher the fitness
value, the better the quality of the solution. The fitness function
is problem-specific, and its design depends on the nature of
the problem being solved. For example, in a maximization
problem, the fitness function might return a fitness value
that increases with the quality of the solution, while in a
minimization problem, the fitness function might return a
fitness value that decreases with the quality of the solution. The
fitness values of the individuals in the population are used to
guide the selection of individuals for reproduction in the GA.
The individuals with higher fitness values are more likely to
be selected for reproduction, and thus their genetic material is
more likely to be passed on to future generations.

This selection process, along with the application of genetic
operators such as crossover and mutation, can lead to the evo-
lution of better solutions over time. By repeatedly generating
new offspring and selecting the best individuals from each
generation, the GA can gradually improve the quality of the
solutions over time. However, it’s important to balance the
exploration of new solutions with the exploitation of promising
solutions that have already been discovered, in order to achieve
the best results. The selection process helps to improve the
overall quality of the population by removing the low-quality
individuals and promoting the high-quality ones. Over time,
this can lead to the convergence of the population towards
an optimal or acceptable solution, as the good properties are
retained and the bad ones are discarded. Additionally, the use
of crossover and mutation operations helps to introduce new
genetic information into the population, which can further
improve the quality of the solutions.

IV. RESULT AND DISCUSSIONS

A. Cost Function

The functional performance of the genetic optimizer can be
analysed through the cost evaluation plot, depicted in Fig. 9.
During each iteration, the genetic algorithm randomly selects
a variable value from a pre-defined range. This selection
process is arbitrary, as mentioned earlier. Using these selected
values, the optimizer executes the simulation and validates the
results with the predefined targets. If the targets are met, then
chosen values for the variables are considered as the optimized
values, and the cost value is set to zero. However, if the
optimization condition or objectives are not met, new variable
values are generated and the executed until the optimizer gets
the cost value nearer or equal to zero. The GA optimizer was
executed 226 times and produces the optimize value. With
these results, using these optimal values the MIMO antenna
was fabricated on a glass epoxy material and validated in an
anechoic chamber.
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Fig. 6. Genetical Optimizer Working Mechanism

Fig. 7. Proposed MIMO model after Optimization.

Fig. 8. Fabricated Prototype.

Fig. 9. Cost v/s Evaluation Plot

B. Final Simulated And Measured S-Parameters

The reflection coefficient S11 denotes the ratio between
the reflected wave and the incident wave at the antenna’s
input port. It is an important parameter that characterizes the
antenna performance. Evaluating the scattering parameters of
a proposed antenna is an important step in the design process
to ensure that the antenna meets the desired performance spec-
ifications. The Vector Network Analyzer (VNA) evaluates the
two-port proposed prototype antenna’s scattering parameters.
The simulated and measured S11 values can be compared
to assess the accuracy of the antenna design. The measured
values closely match the simulated values as shown in Fig.
10, indicating that the prototype performs as expected.The
measured and simulated mutual couplings among all ports of
the proposed prototype antenna are given in Fig. 11. According
to the illustration, it can be demonstrated that, throughout the
whole operating UWB band, the mutual coupling is less than
-20dB between the two elements. This indicates that there
is high isolation between close parts of the antenna. High
isolation between antenna elements is important because it
helps to prevent interference between the elements, which
can degrade the performance of the antenna. The fact that
the mutual coupling is less than -20dB between any two
components over the operating band is a desirable result and
indicates that the proposed antenna design is effective in
achieving good isolation.

C. Surface Current Density

Figure 12 represents the current density coupling analysis
among the ports. The figure illustrates that when the first
antenna element is activated by port 1, it exhibits surface
density without any effect on the other antenna elements
or with minimal effect, indicating little coupling. Similarly,
activating the different antenna elements produces a little cou-
pling effect on the remaining elements. The lack of significant
coupling between the antenna elements is important because
it indicates that each element can be excited independently
without affecting the performance of the other elements. This
can be advantageous in certain applications where multiple
antennas are required to operate simultaneously but with
minimal interference.



ADVANCED DESIGN AND ANALYSIS OF DUAL ELEMENT MIMO ANTENNA FOR ULTRA-WIDEBAND APPLICATIONS 993

TABLE III
A COMPARATIVE STUDY AMONG THE PROPOSED ANTENNA WITH SOME RECENT LITERATURE.

S. No. Material Dimensions Feed Mutual Coupling Optimization Algorithm Frequency (in GHz)

[28] Rogers 61 x 65 mm2 Microstrip < −15 dB No 1.49 - 2.8, 4.9 - 5.10

[29] FR-4 60 x 60 mm2 Coaxial −20 dB No 1.99 - 2.8, 5.20 - 5.8

[30] FR-4 77 x 52 mm2 Microstrip < −15 dB No 2.4 - 2.5, 5.10 - 5.9

[31] FR-4 80 x 48 mm2 Coaxial −20 dB No 2.39 - 2.48, 5.14 - 5.95

[32] FR-4 74 x 47.3 mm2 Coaxial −30 dB No 2.47 - 2.8, 5.05 - 5.51

This Work FR-4 22 x 42 mm2 Microstrip −20 dB GA UWB (3.1-10.6)

Fig. 10. Optimized Antenna Simulated and Measured S11/ S22.

Fig. 11. Optimized Antenna Simulated and Measured S12/ S21.

Fig. 12. Surface current distribution plot demonstrating low mutual coupling.

Fig. 13. Proposed antenna’s simulated and measured Efficiency and Gain
plot.

D. Gain and efficiency

In Figure 13, the simulated plot displays the efficiency and
gain of the antenna. The results indicate a strong gain in

frequencies in between 3.1 GHz - 10.6 GHz, with an efficiency
of approximately 80% in the corresponding bands. These
values suggest that the proposed MIMO has an operational
ultra wideband capability with good efficiency. Overall, the
successful optimization of the given task by the optimizer is
supported by these values, which have been verified through
measurements of the prototype. A comparative study among
the proposed antenna with some literature is provided in Table
3.

V. CONCLUSION

A designed wideband MIMO was made into an ultra-
wideband antenna using an optimization technique. A genetic
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optimization-based multiple-objective approach is employed
in this case to optimize the design using random search-based
optimization. For the optimization, the ground structure was
modified by introducing a rectangular slot with a length (sl)
and width (sw) were used as variables. The optimal values
from the preset ranges have been effectively discovered by
the random search-based method. The cost function graph is
used to determine the ideal value, and this technique achieves
the least expensive value of 0.23412. These values are used to
construct the antenna on FR-4 and validate it in an anechoic
environment. In both the simulation and the measurement, a
good acceptability range was identified. The dual requirements
of achieving ultra-wideband (UWB) and improving isolation
to -20 dB throughout the whole Ultra Wideband and S11
becoming under -10 dB between 3.1 to 10.6 GHz have been
successfully met by the multi-objective optimization. The
gain and radiation patterns were scrutinized the entire UWB,
and their accuracy was confirmed through measurements
conducted in an anechoic chamber. These confirmed results
demonstrate the outstanding efficacy of the genetic optimizer
in transforming a multi-band antenna into a UWB antenna.
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