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Abstract: This study offers a compact three-dimensional antenna solution for the automotive sector. To fit in a shark-fin enclosure, a
printed circuit board and metal sheet can be used to make the antenna. The antenna system covers LTE, GPS, WLAN, and WAVE bands
(850 MHz, 1575 MHz, 2.4 GHz, and 5.9 GHz, respectively). Because of their low-profile design, planar inverted-F antennas (PIFASs) are
commonly used as MIMO antennas in the LTE spectrum. Modified planar monopoles are used to produce omni-directional radiation
patterns in the WLAN and WAVE bands. Antenna qualities that can be employed in automobiles have been modelled and tested. Using a
shark-fin antenna, a novel vehicle-ready MIMO-LTE, GPS, WLAN and WAVE (850/1575 MHz, 2.4 and 5.9 GHz) solution has been
shown. It is completely integrated. In addition to the two PIFAs and two modified monopoles, the solution includes a simple and low-
cost manufacture method for a separate patch. It is designed to fit in a shark fin case when fitted on a level surface. Despite the lack of
matching or decoupling networks, measurements and modeling reveal that this antenna system performs well in terms of return loss,

radiation pattern, and isolation.
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1. Introduction

Low-terahertz  (Low-THz, 100 GHz-1.0 THz)
technology is expected to enable unprecedented data rates in
future wireless systems, such as 6th generation (6G) mobile
communication networks. Carriers can be boosted from
millimeter wave to THz in order to maintain transmission rates
and channel capacity. Because of the large transmission loss of
Low-THzwaves in free space, compensating for the extra route
loss and exceeding the power restriction of a Low-THz source
necessitates the employment of exceptionally high gain antennas.
Additive manufacturing (AM) and 3D printing (3DP) technology
have lately made it easier and less expensive to build antennas
with complicated shapes. As a first start, this study shows a
number of innovative techniques to submillimeter wave and Low-
THz antenna research and construction. Results from recent
wideband and high-gain antennas are also given. A comparison of
a variety of previously reported antennas is shown here. It is used
to simulate a high-gain 300 GHz broadband antenna using Fabry-
Perot cavity (FPC) theory. The proposed FPC antenna for
forthcoming THz applications may be manufactured using AM
technology at a low cost and great reliability. The precision of an
antenna's construction is critical to its performance in the low-
THz band. Production of traditional THz devices using these
approaches may be both time and money-intensive. Wideband
Low-THz antennas are examined here, along with their
manufacturing procedures and the many strategies used by
researchers to increase the antenna's gain.. A 300 GHz three-
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switched beam antenna may be constructed using these two
antennas [1]-[5].

The MBJ process, which is substantially faster and less
expensive than the prior manufacturing approach, was used to
build a 30 GHz scaled antenna element in order to validate that
the proposed antenna had good performance. It is possible to
agree on the results of a simulated and measured experiment.
Comparisons of antenna type, size and frequency range and
processing method are presented. Using AM methods, our
antenna is the first to provide high gain and multi-beam radiation
using a basic all-metal RCA construction in the millimeter-wave
and low-THz bands. A high level of dimensional accuracy was
found in the components fabricated in this investigation. Due to
improvements in AM accuracy, we may soon be able to leverage
new printing methods like hybrid 3DP and 4D printing to build
our Low-Thz antennas. Phased array systems with low-THz
active circuits are the next stage in our study, and they
incorporate both active and passive circuits on a single chip.
Low-Thz frequency scanning antennas will be studied further. An
ultrawide bandwidth (UWB) spread spectrum (IR) short-range
communication technology is used. A novel antenna design for
wireless capsule endoscope (WCE) communication system signal
reception is introduced and tested in this article. Antenna design
incorporates three frequency bands (38.5, 48.2 and 57.2MHz
operating frequencies). Antenna performance testing is carried
out using three in-body transmitting antennas. The reflection and
transmission  coefficients, electric and magnetic field
distributions, and particular absorption rates may all be simulated
using a muscle equivalent phantom (SAR). A battery-powered IR
transceiver is also used to test transmission performance in a
liquid phantom.. Attenuation at 50 mm is 32, 43, and 52 dB at
38.5, 48.2, and 57.6 MHz, respectively. At a total data rate of
3.75 and 2.5 Mbps, WCE pictures may be received less than 50
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and 90 mm away from the antenna using the suggested antenna,
respectively. In this study, three single-band in-body transmitting
antennas for WCE communication system signal reception were
built, and their communication performance was tested. Low
frequency multiband communications attenuated to 50 MHz,
403.5 MHz, and 2400 MHz, respectively, were measured using a
50-mm muscle phantom. In order to verify the accuracy of their
antenna simulation model, the authors constructed a Rx and Tx3
prototype and performed free space reflection tests. Their next
step was to simulate how variations in resonant frequency,
reflection and transmission coefficients may alter their results [6]-
[10].

Transmission coefficient enhancement by the Rx array
under the misalignment situation and its implications on the SAR
and maximum safe input power are some of the topics covered in
this paper. Coupling occurred at 576 MHz, which is substantially
equal to what was expected, except for the fact that antenna
reflection and transmission coefficients were checked by VNA.
Finally, the transmission quality of the battery-powered IR
transceiver was tested. Transmission attenuation increases by
10.3, 13.3, and 16.4 dB as compared to simulations when the
transmitting antenna frequency is changed. Medical imaging
applications may normally expect data speeds of 3.75 Mbps and
2.5 Mbps at 50 and 90 mm [11]-[15].

Each node in an 10T network may fuel self-sustaining
wireless communication systems by using a renewable energy
source, such as energy harvesting (EH). This study examines
WPCN protocols in order to facilitate communication between an
access point (AP) and a large number of mobile users (MUs).
Full-duplex (FD) functionality of the AP makes use of several
antennas. There is just one antenna on a MU, which means it can
only communicate in half-duplex mode (HD). MUs connected to
the FD-AP fall into two categories: uplink (UL) and downlink
(DL), which differ in terms of time allocation and channel access.
The channel assignment, time resource, and power resource
allocations are examined and adjusted in order to maximize the
UL weighted sum-rate. The sum rate optimization problem is
non-convex. UL weighted sum rates for the FD-WPCN system
are being refined iteratively. HD-WPCN communication between
the AP and many MUs is now available after these alterations
have been implemented. Our FD-WPCN approach is also
compared against the HD-WPCN method in several simulations.
It appears that FD-WPCN outperforms HD-WPCN in the low AP
transmit SNR range, according to simulation data. High AP
transmit SNR leads to the opposite behavior due to an increase in
residual self-interference at the FD-AP. Researchers in this study
have come up with a whole new antenna design. In the Ultra-
Wideband (UWB) frequency range of 3.75-4.25 GHz, the
antenna is used for IEEE 802.15.6 Body Area Networks (BAN).
The antenna's dimensions are 89 mm long by 60 mm broad and
21 mm high. The antenna's gain is 8 dBi at 4 GHz, which is the
central frequency. In order to evaluate the antenna behavior in
close proximity to the human body, specifically the small
intestine, wireless capsule endoscopy localization must operate.
A tissue-layer model, which mimics the dielectric characteristics
of real body tissues, was used to replicate the dielectric properties
of human body tissues at 4 GHz. This was followed by research
into voxel models. Antenna features were first analyzed in
relation to the body's own properties, and then the power _ow
propagation into tissues was investigated. These techniques are
used to test antenna communication with a capsule implanted in

the small intestine. After that, the antenna's free-space
propagation was tested and found to be accurate. These findings
lead to a physical examination of male and female patients. The
simulation results were generated by CST Microwave Studio.
University of Oulu anechoic chamber measurements corroborated
the findings. Frequency readings were converted to time
measurements with the application of post-processing.
Consequently, both modeling and measurements are in
agreement. Antennas for wireless capsule endoscopy
communications may be derived using IEEE 802.15.6-compliant
UWB signaling. A novel antenna design is introduced in this
research [16]-[20].

2. Proposed Antenna Methodology

IEEE 802.15.6-compliant antennas operate in the 3.75-
4.25 GHz Low UWB band for BAN applications. Detailed
measurements and simulations of the body's back and abdomen
were used to generate its characteristics. It has been demonstrated
that the antenna is a good candidate for usage in Body Area
Networks. This study discusses antenna matching near to the
human body. Using frequency and time domain data, a further
comparison of the grounded structure is conducted. Antenna
propagation efficiency is measured in free-space using models
and experiments. These investigations were brought to an end by
conducting on-body investigations. Antenna placement on human
participants' bellies and backs was evaluated using a variety of
antenna layouts, particularly at navel level. It began with
computer models, which were followed by real-world
measurements and observations. Simulation and measurement
results were in excellent agreement in terms of the antenna's
performance. Everything that has been learned about antenna
operation from this work is useful for BAN applications.

Dual-band and dual-sensor wearable textile antennas
are shown in this study. GPS operates at a frequency of 1.575
GHz while WBAN and WLAN applications operate at a
frequency of 2.45 GHz. An AMC plane-based antenna backing in
the 2.45 GHz band has been introduced to decrease backward
radiation and boost antenna gain. Square patch unit cells are
three-by-three, with four slits and a square ring built in. Placed on
top of the substrate, the radiator looks like a square patch. Each of
the radiator's four corners has a rectangular slit incorporated into
it, allowing the circular polarization characteristic in the GPS
band to be utilized for dual-band use. For the 2.45GHz band, the
antenna achieved a realized gain of 1.94dBi, and for the
1.575GHz band, it achieved a realized gain of 1.98dBic. A dual-
band and dual-sensing textile antenna was designed to track a
person's exact location both inside and outside. The dual band
radiator originated as a square patch with truncated corners in
order to operate at both 1.575 GHz and 2.45 GHz (with linear
polarization). An AMC plane has been designed to decrease the
body coupling of wearable antennas.

A 3x3 array of unit cells is hidden below the antenna.
Square patches with rectangular slots on either side and square
bands make up the AMC unit cells for 2.45 GHz operation. The
1.575 GHz band has an axial ratio bandwidth of 9 percent at 3 dB
for these two bands, with a total fractional impedance bandwidth
of 27 percent and 7.5 percent. One may expect to see 1.98dBic at
1.575GHz, whereas at 2.45GHz, it has 1.94dBic. An analysis of
the antenna under bending uncovered that it was better suited for
operation when bent at the y-axis on the body. Antennas
incorporated into the AMC aircraft have to have SAR values
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below 0.12 W/kg in order to be worn on a human's upper arm and
shoulder. For wearable applications, it is suitable since its front to
back ratio, which is normally above 10 dB, falls under the 2W/kg
restriction.

Spectrum precoding negatively impacts overall system
performance, especially in high data-rate multiple-input multiple-
output (MIMO) systems and orthogonal frequency division
multiplexed (OFDM) systems. TXEVM at the receiver may be
reduced by using (large) MIMO systems' intrinsic degrees of
freedom and thereby increasing systemwide throughput, as
demonstrated by two mask-compliant spectral precoding
schemes. In addition, we provide TOPADMM, a three-operator
consensus alternating direction method of multipliers (ADMM)
algorithm that breaks down a big issue into smaller ones that may
be addressed more quickly and effectively. Spectral precoding
issues are handled using the TOP-ADMM-based approach, which
is efficient in terms of calculation time. An important set of
numerical results is presented in our third contribution, which
makes use of an NR release 15-compliant simulator. Out-of-band
emission (OOBE) criteria can be met even if the transmitter
possesses perfect channel information, as long as the proposed
alternatives give the same block error rate and throughput
performance. However, even when the throughput decreases
gradually with channel uncertainty, OOBE efficiency is
unaltered. Dynamic  beamforming algorithms  confront
considerable challenges in millimeter wave communications in
high-speed rail (HSR) networks because of the projected high
speed trains (up to 500 km/h). Because HSR cellular networks
have a linear structure, the train's path may be anticipated
practically perfectly. Fixed beamforming, which uses highly
directional antennas with predefined emission directions, is a
low-cost alternative to dynamic beamforming. However, in order
to justify the use of fixed BF in HSR mmWave communications,
the performance difference between dynamic BF and fixed BF
must be examined. In order to conduct empirical analyses, this
study makes use of raw data obtained through extensive
measurement operations. The regular railway station and the
high-speed rail tunnel are two of the most often encountered train
traffic locations [21]-[25].

Analysis of received signal intensity, power deflection
profiles and root-mean squared delays is presented. On the basis
of the acquired data, we extend the commonly used close-in
freespace (Cl). Model in the HSR tunnel to increase generalized
model's accuracy in describing the PL there. It is therefore
possible to compare dynamic BF to fixed BF by using the
extended model and the observed data. We found that even with
severe beam misalignment, dynamic BF's throughput was only 4
percent higher than fixed BF's, while the throughput in the train
station was 21 percent higher. Energy efficiency, which is crucial
in wireless communications, allows for high data rates. Use of
D2D under multiple antenna cellular systems as a potential
method for producing energy-efficient devices. Cellular users
interfere with D2D pairings, while D2D pairs interfere with each
other. The BS also interferes with D2D pairs. To support multi-
D2D communications via numerous antennas, the BS has
developed resource allocation algorithms that are both energy
efficient and multi-D2D compatible. Using the Dinkelbach
algorithm, the Message Passing Algorithm (MPA), and multi-
layer artificial neural networks, we offer a strategy for
maximizing global energy efficiency while fulfilling the data rate
needs of both cellular users and D2D couples [26]-[30].

3. Results and Discussion of the Methodology

MPA's factor graph for D2D pairings takes interference
between D2D pairs and interference at the base station (BS) into
account. A combined approach for training a deep neural network
off-the-shelf is what makes this possible. In multi-D2D
communications, algorithms for optimum resource allocation
have been proven to outperform traditional single-D2D
communication. Our research focused on a wide range of
subjects, including wireless interchip communication between
neighboring ICs. Using symmetrical layers, it is suggested that
To avoid destructive interference, redirect the emitted energy
away from the receiving antenna and into the vacuum of space. In
order to focus the emitted energy toward the receiving antenna,
substantial research is being done on EBG structures and
soft/hard surfaces. Due to the reduction of spherical spreading
losses resulting from spherical radiation, the receiving antenna
gets greater power. This study presents a millimeter-wave
(mmWave) communication system architecture based on
quadrature spatial modulation employing a frequency diversity
array (FDA) (QSM). Spatial Modulation Techniques employ
maximum modulation in order to accomplish their desired results
[31]-[35].

At the receiver, the computational complexity of an
ML-based detector skyrockets. In addition, phased array (PA)
SMT systems are employed, which only permit communication at
an angle. For range-angle dependent QSM  wireless
communications, we propose a standard FDA based on a modest
linearly rising frequency set across the array. “Vectors transfer
data using slightly varied frequencies. We propose in the receiver
a suboptimal multiple-stage (MS) detector that first decodes the
index bits using matched filtering and then utilizes two most
probable estimates to decode associated data bits using a
conventional ML approach to decode these data bits. While the
MS strategy reduces receiver processing complexity by using
FDA-based range and angle-dependent transmission, modeling
and numerical results demonstrate that the suggested design is
superior to existing SM and QSM based approaches. Silicon
technology may be used to produce a high gain on-chip antenna
for subterahertz applications, according to research reported in
this publication. On top of the polycarbonate layer is an aperture
feeding mechanism, which is utilized to link electromagnetic
energy from the metal slot-line sandwiched between silicon and
polycarbonate substrates to 15-element array made up of circular
and rectangular radiation patches. A microstrip line with an open
end that is orthogonal to the metal slot line is buried beneath the
silicon substrate. An open-ended microstrip line that is stimulated
to drive a metal slot line is used to couple and output the signal
from patch arrays. There is an efficiency of 70.8 percent for the
on-chip antenna, which is below 10dB at 0.290 THz to 0.316 THz
based on the results. The antenna's stopband is exceptionally
narrow between 0.292 THz and 0.294 THz. The antenna is 20 x
3.5 x 0.126 mm3 in size. We're looking at wireless energy
transmission [36]-[40].

With a high number of base station antennas,
estimations from orthogonal and shared uplink pilot signaling
approaches enable Wireless Energy Transfer (WET) to a large
number of sensors. We get new upper limits on the probability of
a WET outage if every sensor node fails to gather a specific
minimum amount of energy Eu required to deliver uplink pilots
and the energy Ep required for its primary operations. Number of
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base station antennas increases with sensor node count,
transmission power, channel estimation errors and the kind of
pilot signaling technology utilized. We demonstrate that the
outage probability is the same with an orthogonal method as with
a shared strategy when the sensor nodes are equidistant from the
BS. In situations where the two strategies are positioned at
different distances from each other, the orthogonal technique is
more effective. In order to overcome this problem, we offer a
simple location-dependent clustering and hybrid pilot assignment
strategy. Using the proposed technique, an interesting trade-off
between outage performance and the resources required for
channel estimation is revealed. Antenna arrays are commonly
used to locate active communication transmitters and passively
reflected radar targets. Quality of localization has slipped,
unfortunately [41]-[45].

Time delays and antenna placement inaccuracies,
especially in large array systems with many antennas spread
across a vast area Cable phase instability and position
misalignment cause these flaws to be varied until the array is
securely installed. Therefore, the in-situ array calibration is
required. Beacons that are sent incoherently can lead to erroneous
location. Because the in-situ calibration will be affected by
multipath, measurements of the array's reference points that are
not uniform. The near field is used to do the calibration. Because
of this, the algorithm runs much faster. Path losses might vary
wildly owing to unknown causes.

The technique through which physically plausible
effects are accomplished using a soundproofed environment
additionally, the caliper is Indoor findings can be confirmed using
three antennas. Outcomes from the calibration of the arrays
indicated in the paper. The purpose of this work is to design and
build a compact MIMO antenna (MIMO). Ground-radiation
antenna system for the 5G terminal device. Ground radiation is
emitted by small loop-type antennas. As portable radiators with
tiny, lightweight resonators that can excite the ground plane.
Outdoor WLANSs benefit from its wind resistance. By merging
human body shape and physical layer features, a novel biometric
identification feature for wearable communication applications is
described in this study Antenna-tissue interactions alter the
physical layer characteristics of closely fitting wearable devices
in a unique way. In a novel biometric idea, return loss traits may
be utilized to identify individuals on a variety of body areas. An
upgraded directional coupler design and an optimized antenna for
detecting differentiating traits are employed for person
identification. It was revealed that classification accuracy for
stationary participants was more than 98 percent and for mobile
subjects was greater than 93 percent when using a prototype
standalone test-bed with sensor circuits running at 2.45 GHz.
Authentication and authorization of users can be accomplished by
using circuitry already present in wireless wearable
communication systems as an indicator of return loss. Future
wireless communications will benefit greatly from massive
multiple-input multiple-output (MIMO) systems, which may
increase spectral efficiency by orders of magnitude. Existing
large MIMO systems, on the other hand, use classic phased arrays
for beamforming. Electricity consumption is high and expensive
hardware is needed for this procedure. Configurable intelligent
surface (RIS), a two-dimensional structure with many passive
elements, has lately been recognized as one of the revolutionary
technologies to enable energy-efficient and intelligent wireless
communications.. High-gain and low-cost high-resolution

imaging systems are provided in this work. For beamforming, the
proposed RIS use PIN diodes to create 2-bit phase shifting using
PIN diodes, which combines the effects of phase shift and
radiation on an electromagnetic surface. It is because of this
groundbreaking design that the world's first wireless
communication prototype was built [46]-[50]. The prototype
includes all of the following: hosts for parameter setup and data
interchange, universal software radio peripherals (USRPs) for
baseband signal processing, and receiver-input-output (RIO) for
data transmission and reception. Each of these components is
present in the prototype. Our findings show that RISs in wireless
communications are both practical and effective. At 2.3 GHz, the
RIS proposed in this study provides a gain of 21.7 dBi. Antenna
gain of 19.1 dBi is achieved at millimeter wave frequency (28.5
GHz) (mmWave).

Power consumption has also been reduced dramatically
in this RIS-based wireless communication prototype. Physical
layer security (PLS), which has attracted a lot of attention,
provides reliable and lightweight secure communications for
automobile networks. There is currently no way to keep passive
eavesdroppers safe, even if they have many antennae. We
propose a physical layer secure MIMO-SVD communication to
fill this gap. Any number of antennas against an eavesdropper
using a way (SSVD). SSVD-enhanced data frames are used to
encrypt sensitive data at the transmitter. In conjunction with
activated/non-activated MIMO parallel subchannels of the valid
receiver and SSVD precoding integration, the crucial information
is then connected and transmitted across the wireless channel.

In order to decode (XOR) the secret data, only the
legitimate receiver may view the key information and utilize it in
a step-by-step method with an arbitrarily low BER due to the
uniqueness and independence of the wireless channel (bit error
rate). Regardless matter how many antennas an eavesdropper has,
he or she will be unable to gather any essential information from
the signals received. Eavesdroppers can't "decrypt” any
information connected to the secret material because of the
encryption. The validity of security and dependability has been
demonstrated mathematically and conceptually. There are various
chances to expand mobile capacity due to the large bandwidth
available in the millimeter-wave (mmWave) frequency.
Propagation channels in the mmWave spectrum were measured
and modelled using a wideband sliding correlator channel
sounder with steerable directional horn antennas at both
transmitter and receiver from 2011 to 2013. A total of more than
15,000 power delay profiles were generated from the mmWave
bands, which were then utilized to develop path loss models,
channel models, and outage probabilities. These models give
side-by-side comparisons of propagation qualities over a number
of mmWave bands for upcoming mmWave system development
and standardization [51]-[55]. As a result, researchers can
compare and standardize path loss parameters for emerging
millimeter wave networks by using these models of path loss in
real-world environments, including the use of directional
antennas is shown in figure 1 and table 1.

Table.1. Performance Analysis of Microstrip Antennas

Frequencies(GHz) | Return Gain VSWR Efficiency
Loss (dB) (%)
(dB)

25 -18.08 3.2 1.2 45

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2022, 10(4), 320326 | 323




3.5 -20.28 4.2 1.4 55
4.5 -22.45 4.8 1.5 58
5.5 -25.98 52 14 65
6.5 -32.56 6.8 1.6 70
7.5 -30.85 7.2 1.8 75
8.5 -28.58 8.2 1.7 80

Peformance Analysis of Microstrip Artenna

OReumloss@8) DGn@) BVSWR B Bfcncy

55

-201 1808

Figure.l. Performance Analysis of Microstrip Antennas

4. Conclusion

A new channel impulse response modeling framework
for link-layer simulations is developed based on the observation
that spatial lobes contain multipath energy that arrives at various
propagation time intervals. The data presented here could be used
to study and simulate future mmWave wireless networks that use
adaptive antennas and multiple input and multiple output antenna
systems (MIMO). Explained is the new double-sided
redistribution layer technology used in Fowlp packaging, which
has tall copper vertical interconnects. A dual-polarized
magnetoelectric (ME) dipole antenna is presented as a result of
this new packaging technology. Good impedance matching and
steady radiation patterns were established in this investigation
using an antenna of 10x10 mm2 area, which covers the majority
of millimeter-wave frequencies used in 5G mobile networks in
different countries. The antenna's FOWLP compatibility allows it
to be utilized in phased-array 5G wireless communication
systems.
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