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This paper delves into the recent advancements in phased-array antenna systems,
focusing on their application in low earth orbit (LEO) satellite systems and their
implications for high-speed, low-latency communication networks. The escalating
demand for high-speed data transfer and responsive communication has spurred the
exploration of novel antenna technology solutions. In light of meeting these needs,
phased-array antenna systems are now giving the prospect of offering something that
conventional antenna systems cannot: the capacity to steer building and pathway beams
in numerous and precise means to make the most of signal intersection. Realized by the
directing and molding strategies, this capability reduces the signal transmission time,
which enhances the low latency process in the network hence increases its
responsiveness. In addition, the design of phased-array antennas allows increased data
rates as it increases network capacity and allows for multiplication of transmission
beams to provide faster data processing. The paper also looks into the interaction of
these advancements with the LEO satellites, satellites that orbit close to the Earth and
move from point to point quite frequently. The issues that arise when implementing
LEO systems such as target mobility and communicating with multiple targets,
overcoming interference in crowded orbits can be resolved by adopting phased-array

antenna systems for resilient infrastructure.

1. INTRODUCTION

The focus of this research work is to seek to understand how
they can be said to be a revolution in enabling enhanced
communication [1, 2]. Wireless communication networks
have a basic makeup that is still under assessment in an effort
to meet the ever expanding world of digital structures [3]. It
has hence become mandatory to have Phased-Array Antenna
Systems in this evolving landscape due to their unmatched
ability to dynamically build and point beams, as pointed by
Saad et al. [4]. As opposed to traditional phased arrays which
require mechanical beam pointing and may lack the agility
realized by modern high throughput, low latency networks -
the ability to transmit in multiple directions simultaneously is
a much sought after feature. Therefore, the current Phased-
Array Antenna Systems offers an enticing possibility that
provides great opportunities to transform wireless
communication as noted in the study conducted by Song et al.
[5]. Today, multiple fields such as the aerospace, satellite, and
LEO communication rely on phased-array antenna systems. It

1936

was also observed that these Very High Frequency Millimeter
Wave Technologies specifically possess the capability for
dealing with present constraints in high speed communication
networks revealed by Jia et al. [6]. More than that, they have
demonstrated the fact that they are closely related to exhibiting
a significantly reduced latency issues, characteristic of
traditional communication channels, thereby stretching the
realm of real-time communications. As such, while the
following listed potential benefits look appealing, the use of
phased-array antenna systems to establish low latency, high
speed communication network isn’t that easy. They add that it
is common for these advanced systems to be associated with
problems like system complexity, costs, signal integrity and
power consumption, heat dissipation, among others which
Sahni [7] alludes to. It is time to consider LEO satellite
networks as a new wireless paradigm shift. These networks
have been described to be the next-generation networks that
would make internet access available almost anywhere
appealing to consumers in terms of location independency,
high speed and low latency according to literature [8]. This is
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due to the fact that the phased-array antenna systems are one
of the significant aspects in this advancement in LEO satellite
communication. To illustrate, LEO satellites have
considerably lower altitudes than those of geostationary
satellites, reaching from 500 km to 2000 km, above the earth’s
surface, as pointed out by Peterson and Schnaufer [9]. Because
the signal has very little delay, the rate according to which data
is transmitted also increases greatly. However, because the
LEO satellites orbit fast across the sky, perhaps it may be
challenging or not straightforward to have consistent
communication contact with them. This is especially true since
the use of phased-array antenna systems with precise and rapid
beam steering and adaptive beam forming as pointed out by
Kildal et al. [10] can be quite useful in this regard.

Phased-array antennas enhance communication systems
because they can establish beams within response time of
several microseconds, which is significantly faster than
mechanical engagement. They ensure that inter-symbol
interference is less than one millisecond, which is essential for
LEO satellite systems and can work with several beams to
deliver throughput of several gigabits per second, especially
when the network is crowded. In addition, they can also alter
the transmission focus and direction of the network beams,
enhancing the network’s adaptability and responsivity to the
ever-changing conditions, and oscillating high mobility while
at the same time providing superior quality signals and
strength.

2. BACKGROUND

A phased-array system comprises several independent
antenna elements that can be steered to alter an airing pattern
of an array. The dipole antenna is shows by Zhang et al. [11]
as the most common type of component in these arrays. Dipole
antennas have an open and omnidirectional radiation pattern
and are simple yet effective antenna designs. They are made
up of two identical conducting pieces, such as rods or wires,
placed end-to-end with a tiny gap in the middle, which is
connected to the feed line as mentioned by Liu et al. [12].
Multiple dipole antennas (or dipoles) are placed in a precise
pattern when utilized in a phased-array antenna system. Due
to the individual controllability of each of these dipoles, the
array may concentrate and direct the radiated signal. The total
antenna array can produce a beam of radio waves that can be
electronically directed in different directions without
physically moving the antennas by varying the phase and
amplitude of the signal at each dipole as stated by Chen et al.
[13]. Phased-array systems are incredibly adaptable because to
their ability to steer the beam. The system can use it to follow
moving objects (like satellites or aircraft) and quickly switch
between different coverage zones. It can also be used to
account for wireless communication system signal fading or
interference. Dipole antenna integration with phased-array
systems has several additional benefits. Dipoles may function
across a wide frequency range and are very simple to build.
Additionally, they frequently perform with balanced gain,
bandwidth, and impedance matching according to the studies
conducted by Wu et al. [14] and Xiao et al. [15]. The
management of mutual coupling between closely spaced
dipoles and the creation of effective feeding networks are two
difficulties that come with incorporating them into phased
arrays. The study shall examine the use of dipole antennas in
phased-array antenna systems in the context of this paper,
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outlining their functions, benefits, and potential drawbacks.
The study shall also take a look at current developments that
try to solve problems and take advantage of the advantages of
employing dipole antennas to create high-speed, low-latency
communication networks. Figure 1 shows a linear array
antenna made up of dipole antennas.

T

Figure 1. Linear phased-array antenna of dipoles
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Before exploring the nature and operation of phased-array
antennas, it is beneficial to review the characteristics of
antennas and the operation of a simple, but very common
antenna: the dipole antenna according to Peng et al.’s study
[16]. This will provide context and highlight the great
advantages of phased-array antennas over any other antenna
topology. If we recall the definition, an antenna is a device that
acts as a transducer, converting a guided electromagnetic wave
into an unbounded electromagnetic wave, as illustrated in
Figure 2, or vice versa, depending on the mode of operation:
transmitting or receiving. Abstractly, this concept is simple as
stated by Ahmed et al. [17]. Concretizing how the transduction
can be achieved, is perhaps more difficult. To provide some
intuition to this phenomenon, let’s take a look at a circuit
element we are familiar with the parallel plate capacitor.

=)

Wave launched
into free space

Electric field lmes
of radiated wave

Antenna

Transmission line

— — —

Generator Guided EM wave

Transmon
region

Figure 2. Antenna as wave transducer

As shown in Figure 3(a), when a capacitor is excited by a
current in the clockwise direction, the charge and electric field
distribution are generated as shown. If we make a slight
modification to this arrangement and connect the wires to the
edges of the capacitor and we fold it up and energize it as in
Figure 3(b), we can predict an electric field distribution as
shown, where the lines follow a path from positive to negative
charges.

The charge distribution might be more difficult to predict.
Applying the free-electron model of conductors, however, we
can explain how at the instant the capacitor is energized, the
free electrons in the conductors (wires and plates) will get
pushed and drift towards the end of the bottom plate. Hence,
more charges are expected towards the edges of the plates and



the charge distribution will be lower towards the center of the
dipole. It is important to note that the direction of current in
both plates is the same. As we will see later, this is important
as both currents contribute to the generation of a stronger H-
field rather than subtract the contributions of each other as
mentioned in literatures [18, 19]. When the polarization of the
current flips at the source, there’s an instant when the charges
have not drifted to the other side quite yet and remain with a
similar distribution as in Figure 4.

For the frequency range of operation of dipole antennas, the
voltage (or charge) distribution and current distribution may
or may not have opposite orientation with respect to each
other. In any case, the current drives the charge drift, which
responds with a certain delay. As we will see in the discussion
in Figure 5, this will yield the generation of a forward
propagating electromagnetic wave. Applying the right hand
rule, as in Figure 5(a), we obtain an H-field coming out of the
plane on the right hand side of the dipole. With the E-field
lines almost straight at the center of the dipole, we can
approximate these two field lines around the center of the
dipole to generate the electromagnetic wave in Figure 5(b).
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Figure 3. (a) Parallel plate capacitor; (b) Dipole antenna
current and E-field direction
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Figure 4. Alternate current and charge distribution
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Figure 5. (a) E-field and H-field lines; (b) Forward traveling
TEM electromagnetic wave

3. METHOD

Incorporating performance parameters such as gain,
directivity, and efficiency into the techniques section would
improve the study of various weighting distributions in phased
array antennas. Gain measures the antenna's ability to focus
signal power directionally, which is critical for applications
requiring precise signal transmission. Directivity evaluates the
antenna's effectiveness in focusing energy in a single
direction, which is important for targeted beam steering.
Efficiency measures how well the antenna converts input
power into radiated energy, which affects overall system
performance. These measurements are critical for analyzing
and improving weighting distributions such as uniform,
Hanning, and Taylor, allowing for customized antenna designs
to satisfy unique operational needs in communication systems.

3.1 Power propagation - radiation pattern

Currently, there is still ongoing investigation on the study
of models that can more accurately describe the charge and
current distribution of dipole antennas as well as many other
antennas. For the purposes of this text, and the overall
standards in industry, the existing theory describing the nature
of dipoles is in line with the explanation presented above and
available in the dipole Wikipedia page. Borrowing an
animation from this page of the half-wave dipole antenna —
name given because its length is half a wavelength — we
proceed to investigate its output radiation pattern. As shown in
Figure 6(a). The voltage and current distribution are exactly



opposite to each other. When the current is maximum the
voltage is zero and vice versa as stated by Wei et al. [20]. The
polarities are always opposite as well, when the current is
positive, the voltage is negative and vice versa. This is
important, because when evaluating the propagation of power
within a medium, we use the time-average Poynting Vector,
given in Eq. (1).

Sap = %R[F?Xﬁ*] (1)

Assuming time harmonic fields, to calculate the propagating
power S, we cross-multiply the phasor electric field, £, times
the conjugate of the phasor magnetic field, H. From the
animation, we can predict the power propagation being higher
towards the center of the dipole compared to the edges. Using
MATLAB’s App: Antenna Designer, we obtain Figure 6(b)
and Figure 6(c) which provide an exact illustration of the
radiation pattern of a half-wavelength antenna at 60MHz. The
same analysis can be performed on different antenna
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(a) animation

(b) yz-cross section of radiation pattern

topologies: a helix antenna (Figure 7) or a horn antenna
(Figure 8), for example. As shown in these illustrations, the
radiation patterns vary in shape and intensity as mentioned by
Lietal. [21], Herd and Conway [22]. If a team of RF engineers
is to select an antenna for a specific application, they would
have to evaluate the desired radiation pattern. If an
omnidirectional pattern is desired, as in AM radio for example,
the half-wave dipole will work well. If instead, more
directivity is needed, as in weather tracking or satellite TV, a
helix or horn antenna might be more appropriate. Among these
antennas, despite the differences in the radiation pattern, they
all have a common feature: their radiation pattern is fixed. The
RF engineer, or antenna designer, can do very little to modify
the shape of the pattern without compromising other
performance parameters as mentioned by Dolph [23]. It is
precisely for restrictions in radiation pattern versatility where
phased-array antennas offer an outstanding advantage: the
ability to control the radiation pattern, to a certain degree, and
to do it so on-demand.

(c) 3D radiation pattern

Figure 6. Radiation pattern of half-wave dipole antenna at 60MHz
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Figure 7. Radiation pattern of a helix antenna
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Figure 8. Radiation pattern of a horn antenna



3.2 Phased-array antennas

A flexible radiation pattern is created by the physical
concept of wave interference. Wave interference was first seen
long ago, and the idea of combining different antennas to
create a phased-array antenna is likewise not new. Why is this
antenna topology changing the field right now? Phased-array
antennas can now be implemented in closed-loop in back end
systems, such as transmitter and reception systems, thanks to
recent developments in mixed-signal hardware and unique
digital signal processing (DSP) techniques according to Al
Barazanchi et al.’s study [24]. Without these advancements,
the use of these antennas was restricted to resource-intensive,
sophisticated projects like the AN/FPS-85 Phased Array Radar
station in Florida. Phased-array antennas can now be found in
devices as small as a cell phone. In order to understand why
and how these antennas are revolutionizing the area of
communications, we will start analyzing what is the
interference phenomena (Figure 9). Recall that when an
isotropic wave source generates omnidirectional waves and
these hit a wall with narrow openings, or slits, these become
sources of waves themselves. The waves coming from the two
slits, will interact and produce the resulting intensity pattern
some distance away at the screen. Because at different points
in the screen, one of the waves has traveled a different length
than the other, there is a relative phase difference between the
two waves. The two waves coming together at different points
in the screen will interfere constructively or destructively,
depending on the relative phase, to produce a sinc function
intensity pattern shown in Figure 9. Exploiting this concept,
we can replace the slits in the wall by any desired number of
physical antennas and utilize the interference phenomena to
our advantage.

3.2.1 Steering in phased-array antennas
In todays high-speed, low-latency communication
networks, phased array antennas play a key role. The phrase

(a) Main beam at boresight

"phased array" is used to describe an array of antennas in
which the signals fed to each antenna are fed at different
phases to boost the radiation in one direction while dampening
it in another as stated by Valdes-Garcia et al. [25]. With the
concept of wave interference in mind, we can see how
directing the main beam to a desired direction is accomplished
by manipulating the relative phase of the antennas, as
illustrated in Figure 10. Electrically steering the main beam
offers the advantage of eliminating a mechanical structure,
saving costs, complexity and providing resilience to
mechanical failure. The rates at which the beam can be steered
are much faster than a rotational system. While the ability of
steering the main beam electrically offers great advantages, the
shape of the radiation pattern still remains as a sinc-type
function, with unwanted side lobes with high power levels.
Figure 11 shows the Phased-array illustration

Interference of Waves

Wave
Intensity

Wall Screen

Figure 9. Double-slit experiment illustrating the interference
phenomena

(b) Main beam at 45°

Figure 10. Main beam steering by control over the relative phase of each antenna

T’ Y A4 A4 ¥ A 4 N4
L
‘ - ~ ~ * 2. «—— Aptitude Weights, A;
E
I

'®‘_

Phase Shifters

Figure 11. Phased-array illustration



3.2.2 Shaping in phased array antennas

Shaping in phased array antennas refers to the ability to
control the radiation pattern of the antenna by adjusting the
relative phases and amplitudes of the signals in the individual
antenna elements. By manipulating the relative phases and
amplitudes of the signals in the different antenna elements, the
radiation pattern of a phased array antenna can be shaped. By
accurately adjusting the phase and amplitude of the signals
sent to each element of a phased array antenna, the antenna can
steer and modify its emission pattern. Here, Figure 12
demonstrates how varying the amplitude weights of the
antenna elements can alter the radiation pattern.
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Figure 12. Polar coordinate radiation pattern resulting from a
homogenous distribution

Uniform weights

When talking about phased array antennas, the term
"uniform weights" refers to the practice of feeding signals into
each antenna element with the same amplitude as mentioned
in literature [26]. With uniform weights, the power is
distributed evenly across the antenna array since each element
receives a signal of the same amplitude. To achieve a desired
broad or symmetrical coverage with phased array antennas, the
notion of uniform weights is frequently employed. By giving
equal importance to each element in the array, the antenna
generates a beam whose intensity is uniformly distributed
along a single axis (the main lobe). The simplest one, every
element in the array has the same weight.

w(n)=1 (2)

where w(n) is the weight for the nth antenna element mass.
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Hanning distribution

The Hanning distribution is a mathematical function used to
shape or window data sequences in signal processing. It is also
known as the Hanning window or the Hanning function. The
Austrian meteorologist Julius von Hann is honored with this
name. When doing Fourier Transform analyses on signals of
finite duration, the Hanning distribution is a type of window
function that can be used to minimize spectral leakage as
stated in literature [27-33]. The term "spectral leakage" is used
to describe the transfer of signal power into unintended
frequency ranges. Figure 13(a) illustrates the predicted pattern
with a pointier profile if a Hanning distribution (Figure 13(b))
is used instead of a uniform weight distribution, in which the
antennas in the center of the array receive stronger signals than
the antennas at the edges, in accordance with Eq. (3).

€)

Anzé(l—cos(ZnNn ......

1)) forn=1,2,

Directivity can be improved, and power lost to the side lobes
minimized by using a weight distribution based on the
Hanning function in Eq. (3).
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Figure 13. Polar coordinate radiation pattern generated
by a Hanning weight distribution

Taylor function

Antenna elements in a phased array can have their
amplitudes tapered or weighted using a method known as the
Taylor distribution. It is used to modify the array's radiation
pattern such that it exhibits the desired qualities, such as
reduced side lobes and a more consistent main lobe as can be
seen in Eq. (4). Figure 14 shows the Radiation pattern in polar
coordinates from a Taylor weight distribution.



w(n)=(1-a))+a>cos*((n-N/2)/N>r) ()

where,

w(n) is the weighting factor for the nth element in the array,

N is the total number of elements in the array,

o is the parameter that controls the shape of the distribution
(0<a<1).

The form of the Taylor distribution can be altered by
adjusting its value. Increasing this value will reduce the size of
the main lobe and lower the side lobes, but will also increase
the ripple. Conversely, a smaller value will result in a broader
main lobe and taller side lobes, but with less ripple. When
designing antenna arrays, especially phased array antennas,
the Hanning function is another popular weighting function.
Like the Taylor distribution, the Hanning function is used to
modify the radiation pattern of an antenna element to achieve
desired features, such as reduced side lobe levels.
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(b) Taylor weight distribution

Figure 14. Radiation pattern in polar coordinates from a
Taylor weight distribution

3.3 Design for low-latency in communication

Multidisciplinary skills such as electrical engineering,
communication theory, control theory, signal processing, and
satellite technology are required to design a low latency
framework for phased array antenna communication in space.
Numerous parameters, like signal strength, noise, distance,
bandwidth, array arrangement, antenna design, etc., affect the
efficiency of such a system. Real-world designs sometimes
necessitate iterative simulations and fine-tuning, and it is
impossible to include all features in a single model. There are
three components that make up the total latency of any given
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communication system:

Propagation delay: The time it takes for a signal to get from
its origin to its destination is called its propagation delay. This
is mostly determined by how far apart the satellite and the
ground station are. We can estimate the propagation delay, D,
with the following formula:

D=d/c Q)

where, d is the satellite's distance from the ground station, and
c is the speed of light (3108 meters per second).

Processing delay: The time it takes for the signal to be
processed at the origin, the satellite, and the receiver all
contribute to the processing delay. Depending on the
architecture of the system, this can change dramatically.
Phased array antennas, on the other hand, have to worry about
the beam forming delay. This lag time, P, can be roughly
calculated with the following formula:

P=NAf><BW) (6)

where, N is the total number of phased array elements, f'is the
digital beam former’s clock frequency, and BW is the signal's
bandwidth.

Queuing delay: The time a signal spends in a buffer or
transmission queue is known as the queuing delay. Q is a
variable that changes based on the number of users and the size
of the buffer. Estimating the full latency, L, goes like this:

L=D+P+Q @)

4. EXPERIMENTAL ANALYSIS
4.1 Pattern comparison

Beamforming in phased array antennas is achieved through
constructive interference between individual antenna
elements. Phased array systems allow the beam's
characteristics to be tailored via a variety of weighting
schemes. Standard procedures include using uniform weights,
the Hanning distribution, or the Taylor distribution. The
signals from each antenna element have their amplitudes
and/or phases distributed in this way as can be seen in Figure
15.

Pattern Comparison

Uniform
Hanning
Taylor

-10 |

Normalized Gain [dB]

0(°)

Figure 15. Visualizing superimposed radiation patterns of
phased array antennas using uniform, Hanning, and Taylor
weighting functions



Beamwidth Comparison

Normalized Gain [dB]

0
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Figure 16. Close-up picture of the beamwidth of phased
array antennas using uniform, Hanning, and Taylor weighting
functions
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Figure 17. Superimposed weight distribution functions of
phased array antennas using uniform, Hanning, and Taylor
weighting functions

4.2 Beam width comparison

Beam width is an important parameter to consider when
comparing the performance of various weight distributions for
phased array antennas, such as uniform weights, the Hanning

distribution, and the Taylor function. The main lobe's angular
spread of an antenna's radiation pattern is set by the beam
width. A more directed antenna with a narrower beam width.
Figure 16 offers a close-up view of how the beam widths vary
when using uniform, Hanning, and Taylor weighting
functions. Figure 17 illustrates the corresponding weight
distribution functions for each weighting scheme, showing
how the weights are applied across the antenna elements to
achieve the observed beam patterns.

5. IMPLICATIONS

One of SpaceX’s latest missions is to provide low-latency
satellite internet worldwide. To achieve this, they have
launched and continue to launch thousands of satellites into
LEO (Figure 18(a)). To date, this is the first project of its size
deployed with the objective of providing worldwide internet.
Typically, satellites that provide internet are placed in
Geosynchronous orbit, where they can service the specific
region they are pointing to (Figure 18(b)), as they rotate
synchronously with the earth. Compared to geosynchronous
orbit, the main benefit of employing LEO is a drastic decrease
in latency. Shorter signal travel times are a direct outcome of
LEO satellites' proximity to Earth's surface. As a result of its
low latency, it can be used for a wide range of internet
purposes, including synchronous activities like chatting,
playing games, and watching videos. The network's capacity
is increased and quicker data transfer rates are made possible
by this feature. By dynamically changing the direction of
transmission beams, these systems further increase network
coverage by concentrating signals on particular users or

places. By lowering interference and improving signal
strength, this increases the network's coverage area. Phased-
array antenna systems can monitor and maintain connection
with mobile devices even at high speeds, maintaining seamless
connectivity, which is another way they enable mobility.
Furthermore, by maximizing the use of available spectrum and
avoiding the need for extra antennas and equipment, these
systems have the potential to reduce infrastructure
requirements. This is contribution of lower cost of installing
and managing large networks. In the context of low-latency,
high-speed communication networks, the ramifications of
these developments pave the way for increased network
performance and greater user experiences. Table 1 shows
phased-array antenna systems for low-latency shaping. Table

2 shows the performance metrics of the phased array antenna

distribution system for LEO communication.

Table 1. Phased-array antenna systems for low-latency shaping

Disadvantages

Performance Metrics

Advantages

Antenna Distribution
Low-latency

Simplicity of implementation

Limited sidelobe suppression

Uniform Weight

Hanning Distribution

Taylor Function

Beamwidth
Sidelobe level

Low-latency
Beamwidth

Sidelobe level

Low-latency
Beamwidth
Sidelobe level

Symmetrical beam pattern
Equal power distribution to all
elements
Good sidelobe suppression
Symmetrical beam pattern
Smooth amplitude tapering at
element edges

Excellent sidelobe suppression
Adjustable beam shape and control

Precise sidelobe control

Poor suppression of interference
Suboptimal performance in high-density
scenarios
Increased computational complexity
Slightly reduced main lobe gain

Reduced array efficiency

Requires accurate knowledge of
interference scenario
Increased complexity for array calibration
Non-uniform power distribution among
elements
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Table 2. Performance metrics of the phased array antenna distribution system for LEO communication

Antenna Distribution Low-Latency Performance Beamwidth (Degrees) Sidelobe Level (dB)
Uniform Weight High 20 -12
Hanning Distribution Medium 18 -20
Taylor Function Very High 22 -25

Orbital Radius

550 km

Coverage Radius
500 km

Latency

a) LEO

Orbital Radius
36,000 km

Coverage Radius
13,000 km

Latency
240.0 ms.

A
A

(b) Geosynchroﬁous orbit

Figure 18. Comparison between LEO and geosynchronous
orbit

6. CONCLUSION

The first problem investigated in this work is the problem
associated with improving the operation of phased-array
antenna systems with the purpose of increasing the
performance of communication networks using LEO
satellites. Thus, the importance of developing and
implementing new versatile and high-performance antenna
systems, is pinpointed in the context of the continuous
development of new wireless technologies along with the
continuously increasing need for fast and efficient internet
services. From this study it has been shown that the use of
phased-array antennas provides considerable benefits over that
of the fixed radiation pattern antennas. Some of the important
discoveries include the ability to change the pattern of
radiation as this is usually achieved through the phased-array
antennas, which are the types of antennas that can easily
change the direction of the beams and the focus of the signals.
As for the performance characteristics, the evaluation of
several weighting distributions, namely Uniform, Hanning,
and Taylor, revealed that Taylor distribution offers the highest
performance concerning beamwidth and sidelobe level which
is crucial for preserving low latency and high rate connections
in LEO satellite networks. The consequences referring to the
connectivity are indeed revolutionary, since the capability of
adapting phased-array systems for maintaining the mobile
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devices connection on high velocities, and for the proactive
spectrum management, can highly decrease the infrastructural
costs, as well as improve the network performance and user
experience. Thus, the application of phased-array antenna
systems in LEO satellite networks is an evolutionary
advancement for global connectivity. These programs could
offer low-latency high bandwidth internet connections
required in asynchronous internet activities such as online
games, video and data conferencing among others. The
features of the phased-array antennas also advocate for
increased systems’ coverage without requiring additional base
structures; this makes the growth of networks cheaper and
efficient. However, based on the conclusion formulated in this
study, there are several limitations that should be noted. To get
the optimum performance from phased-array antennas, they
need to be carefully phased, which in turn is a very technical
as well as time-consuming process. Also, unequal power
distribution to the antenna elements may also result in lower
efficiency and performance of the total system. Atmospheric
and physical barriers are some of atmospheric conditions that
affect the kind of performance of phased-array systems; hence,
more study is required in this particular aspect.

Future research should therefore fill the above mentioned
gaps; and consider exploring other ways of improving the
performance of phased-array antenna systems. Also,
researchers in this domain have come up with improved
methods of calibration to improve efficiency and reduce the
time taken to start up the phased-array systems. Studying
possibilities in enhancing the method of power distribution to
the individual parts of the antenna is crucial to enhance
effectiveness of the system in general. Other kinds of research
that are relevant include but not limited to those on how
phased-array antennas can be made to provide consistent
performance under a range of environmental conditions.
Furthermore, there is room for the expansion of the theoretical
and practical application of various phased-array systems
through their connectivity with other novel topologies for
example reconfigurable intelligent surfaces and artificial
intelligence. This way, future research can help improve
existing as well as increase the usage of phased-array antenna
systems in sophisticated communication networks.
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