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Abstract: This article examines the simulation, optimization and dynamic modeling of a multi-source energy production
system. This system includes solar panels and CCHP devices as the main energy production equipment and the target
functions also include: total electricity consumption, total gas consumption, CCHP fuel consumption as well as return on
investment, as the economic and energy response of the system. Further analysis of the dynamic results of the system
includes: temperature changes, efficiency and average daily electricity produced by solar panels, average daily absorbed
energy in solar collectors, hourly changes in electricity demand, electricity produced by solar panels and electricity
produced by CCHP, the hourly changes in electricity demand, the total electricity produced and the hourly changes in gas
consumption demand of the system and the complex will be investigated throughout the year. The results show that the
utility distribution in the optimization section is 0.735. This number showes that the system is in a suitable and ideal state
and the return on investment can be justified with 1.64 years. Also, even though the amount of solar radiation is higher
in the hot months of the year, but due to the increase in the temperature of the solar cell, the efficiency of the solar panel
decreases. These systems are also able to use solar energy to provide part of the heating needs of the complex’s hot water
system. The design and use of the combined optimal system of CCHP and solar panels allow the complex to fully and
sustainably supply its electricity needs provide and even sell the excess amount of electricity to the public power grid and
use it as a source of additional income.
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Extended Abstract

Introduction

Photovoltaic solar cells (PV) have emerged as the primary
technology for producing green electricity. This
innovation uses direct sunlight to generate electricity and
its installation flexibility has led to significant investment
in PV panels. Despite the many advantages, these cells are
hampered by the decrease in efficiency caused by the
increase in cell temperature. In this way, researchers have
conducted extensive research on possible solutions with
the aim of increasing the performance of photovoltaic cells
using different techniques. This review provides a
thorough analysis of cooling techniques for photovoltaic
panels. It includes both passive and active cooling
methods, including air cooling, phase change materials,
and various approaches. Within each category, detailed
subcategories such as evaporative cooling, water
immersion, floating systems, water pipes, cooling
channels, water sprinklers, jet impingement, geothermal
cooling, and natural convection transfer are explored with
PV designs. Also, forced displacement using cooling
ducts, heat sinks and air collectors, along with the
integration of phase change materials (PCM), nanofluids,
radiant cooling, thermoelectric methods, heat pipes, heat
pumps and other techniques. covers innovative Each of
these approaches is shown with specific schematics and
has been fully discussed and compared, the results show
that with the decrease in the temperature of the solar
panels, we see an increase in efficiency.

Methodology

This paper examines the simulation, optimization and
dynamic modeling of a multi-source energy production
system. At first, the model is implemented using
TRANSIS software; In the following, using Design Expert
software, the optimal model is executed again in
TRANSIS software and its dynamic results are analyzed.
This system includes solar panels and CCHP device as the
main energy production equipment. The objective
functions include total electricity consumption, total gas
consumption, CCHP fuel consumption as well as return on
investment as the economic and energy response of the
system. In the continuation of the analysis of the dynamic
results of the system including: changes in temperature,
efficiency and average daily electricity production of solar
panels, average daily absorbed energy in solar collectors,
average daily changes in electricity production, exhaust
heat and fuel consumption in CCHP, hourly changes in
electricity demand, Electricity produced by solar panels
and electricity produced by CCHP, hourly changes in
electricity demand, total electricity produced, and hourly
changes in system and complex gas consumption demand
will be investigated throughout the year.

In order to obtain the best state of energy, environmental
and economic efficiency of the reviewed model, the
response surface test design method is used. Also, the
impact of changes in the effective factors of the combined

system was studied on the target and the specified energy,
environmental and economic responses. Factors are
independent variables for making accurate decisions in the
discussion of the design of the combined system under
investigation. On the other hand, the responses show the
energy, environmental and economic performance
indicators of the combined system under the influence of
the factors selected for optimization. A response surface is
a statistical method used to optimize a specific response,
where the response is influenced by multiple factors.

The aim of this study is to optimize the combined system
by considering energy, environmental and economic
aspects, that is, more than one answer should be optimized.
For this purpose, a method called utility function is used.
In this method, each response is converted into a specific
utility function. The studied utility function changes
between zero and one values; That is, for the worst case,
the numerical value of the utility function is zero. While
the utility function is equal to a state indicator with ideal
conditions.

Results and discussion

To calculate the best combination of selected variables, the
method of experiment design and response level
optimization was used. Table (5) shows the values
predicted by the response level for the variables in such a
way as to achieve the optimal system. Also, the values of
each goal for optimal conditions are specified in Table (6).
The combined utility of 0.724 was obtained for the optimal
solution, which is close to the ideal of CD=1. Figure (2),
which shows the contours, shows the effects of changing
the solar panel area factors and the CCHP power on the
energy-economic responses. This contour plot is a flat
curve that shows how these changes affect energy-
economic responses based on different values of solar
panel area and CCHP power. In other words, this graph
shows that at each point of the graph, the energy-economic
response value obtained for that point is The results of the
simulation using the response surface methodology
showed that the area of the photovoltaic panels in the
optimal state is equal to 11770 square meters and the
optimal CCHP power is equal to 1986 kW. Also, in
optimal conditions, the system performs best; The
combined utility, which is equal to 0.724, indicates that the
performance of the optimal system is close to the ideal
state.

Conclusion

In the results, it was observed that the simultaneous
production system using photovoltaic panels and CCHP
can be a suitable solution for the production of electrical
and thermal energy, taking into account the needs of
production and office halls. This system provides the
ability to adjust and optimize fuel consumption and reduce
energy costs. The simulation results show that the studied
hybrid system is capable of producing electrical and
thermal energy throughout the year, according to the
weather conditions of the study area.
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2 Solar thermal power station
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Extended Abstract

1- Introduction

Convolutional Neural Networks (CNN) is one of the most
popular and widely used deep learning techniques, which
has made significant progress in most machine learning
methods in recent years [1-3]. The most important
advantage of these networks compared to previous
techniques is the extraction of features from images
automatically without the need for the presence of a human
observer [1]. This has caused the creation of convolutional
neural networks with different architectures, each of which
contains millions of parameters in convolutional layers to
extract features from images. The large number of these
parameters makes learning the network very time-
consuming, and it also makes it difficult to hyper-adjust
the parameters related to learning because every small
change in the network configuration will cause a change
in several million parameters, and due to the long learning
time, behavior analysis The network becomes a problem
[4, 5]. Due to the necessity of multiple training of these
networks in real applications, it is necessary to use
methods to reduce the number of parameters or design a
network with optimal parameters [6, 7].

2- Methodology

Before convolutional neural networks entered the field of
competition, the most important obstacle for image
classification algorithms was the selection of appropriate
features from images. These features should be selected
considering the desired application in such a way that they
represent the desired entity and are resistant to changes
such as rotation, resizing, brightness, color, and occlusion.
With the advent of convolution networks by Alex and his
colleagues [22], finding these filters is done automatically.
In this way, at first, thousands of filters are considered in
the form of convolution layers, and during learning,
suitable values for these filters are obtained. In other
words, at the end of learning, we have filters by which we
can extract the features that are effective in learning. Fully
connected layers (FC) also perform classification work.
In this article, we have designed a mechanism by which
more effective filters can be found and used in network
training. By using this mechanism, the accuracy increases
significantly and there is no need to increase the depth to
achieve higher accuracy.

The output of the proposed algorithm is a convolution
network that has the same architecture, but its weights are
selected in such a way that it has maximum accuracy. This
algorithm consists of the well-known steps of the genetic
algorithm, the parts of generating the initial population,
evaluating the population, producing offspring, and
selecting the new generation will be described in the
following subsections. At the stage of initial population
production, to build the initial population, first N
convolution networks are built with the architecture
mentioned in the input of the algorithm and their weights

are assigned with random values. Then, based on the input
F, a subset of the training database, whose number of
members (K) is calculated at the beginning of the
algorithm in Table 2, is randomly selected and the desired
CNN is trained with it. To calculate the fit of each of the
networks (individuals), we use the test dataset, which is
defined as the input of the algorithm. This dataset is given
to each person and their accuracy in classification
constitutes the fit value. In most famous datasets, a subset
of data is introduced as the test set, which we use to
evaluate people [23, 28]. The pseudo code of this section
is given in Table 3.

3- Results and discussion

Although all CNN architectures can be used as the basic
architecture in the proposed algorithm, it is better to use
architectures that have less diversity in their layers. The
existence of several FC layers or the use of layers with
different filter sizes reduces our control over the analysis
of algorithm behavior. Considering this point, we have
used Resnet-32 architecture as the basic architecture.
Another reason for choosing this architecture is that there
are deeper versions of this architecture with more
parameters and the results obtained from the final network
can be compared with them. The following results are the
result of running the proposed algorithm on a Geforce
GTX 1080 Ti GPU card. DenseNet-BC and Resnet-32-GA
have relatively similar accuracy, but the number of
parameters of Resnet-32-GA is about 66% less. But in the
case of VGG-19, although the number of parameters of the
proposed algorithm is only 0.01 of the parameters of
VGG-19, it has increased the accuracy to 2.31%. Genetic
CNN and CNN-GA algorithms are algorithms in which the
design of the final network is done automatically - for this
reason, the time cost of these algorithms is very high and
in the range of several GPU days. However, Resnet-32-
GA has a 2.51% increase in accuracy compared to the
network produced by Genetic CNN, and it has
approximately the same accuracy as CNN-GA.

4- Conclusion

The subject of this article was to present a method to find
more effective parameters in deep networks and as a result
achieve higher accuracy and reduce time and processing
costs, while with this work, the need to design deeper
networks is eliminated. In order to complete this work, a
method based on genetic algorithm was presented, which
significantly improved the accuracy compared to the
existing methods. Since most of the filters of convolution
layers of deep networks are 3*3 filters, our focus in this
article has been to select effective filters with the same
dimensions, for this reason, Resnet-32 was chosen for
conducting tests, and most of its filters have dimensions of
3 It is *3. But in future work, this algorithm can be
extended to select filters with other dimensions and, as a
result, the ability to implement on more complex
networks.
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P: Population size
M: Maximal generation number
D: Training images dataset
F: Fitness function
Begin
Py < The initial population generated by
the pseudo code of Table2
t<0
while t <M do
Fitness evaluation for all individual
using pseudo code of Table 3
G; < new generation from the selected
parent using pseudo code of Table 4
P.,1 « New population selection from
P; U G, pseudo code of Table 6
t—t+1
end while
Return individual with highest fitness as CNN
with best weights
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N: Population size

Model: CNN Architecture Model
T: Precision threshold

F: Subset fraction factor

Begin
M,y < initiate n network based on Model
K < number of dataset elements X (1/F)
Py« 0
fori=1to Ndo

D; « Random subset of dataset with K

element

Train M; while satisfying T

Py < Py UM;
end for

Return The initialized population as P,

Corazr (255l et )Nl 4 bgy o 05 Al :(Y) Jour
P: Population
Dt: Test dataset for evaluation

Begin
for all individuals in P do
value « classification accuracy on Dt
end for
Return The Population P of the individuals
with their fitness values

Overfitting
2 data augmentation
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L: Number of convolutional layers with dim 3 x 3
Pool: input pool from pseudo code of Table 4

Begin
C <« initiate a model with desired architecture
fori=1,..,Ldo
SelectedWeights <« @
N, < Number of filters in C.layer;
FilterCollection < RandomSelect(Pool; ,Ny)
SelectedWeights « SelectedWeights U
FilterCollection
+ Load SelectedWeights to layer; of C
end
Return The generated child as C

function RandomSelect(Pool , Np)
Begin
outFilters « @
fori=1,..,N,do
SelectedFilter « random select from Pool
outFilters « outFilters U SelectedFilter
end for
Return outFilters
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P,: The Parent population in epoch t
G,: Population of offspring produced in epoch t
Begin
A « P, UG,
Pyg <0
while |P;,,| < 0.2 X |P;| do
p <« individual with the best fitness in A
Py <Py UD
end while
while |P;,,| < |P;| do
P1, P2 < Randomly select two indivisual
from A
p « Select the one with better fitness
from {py, p,}
Py < Py Up
end while

Return The next generation population P, ;
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P: The Population
E: Number of epochs to train new child
L: Number of convolutional layers with dim 3 X 3

Begin
G <0
while |G| < |P| do
k < Randomly select a number
inrange [2,|P] ]
S « Randomly select k individual from P
forl=1,.,Ldo
Pool} « @
F « Aggrigate filters in
layer | of S elements
Pool, « Pool; U F
end for
newChild « the returned individual from
pseudo code of Table 5
Train newChild for E epochs
G < G U newChild
end
Return The new generation has been produced as G
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Abstract: This research analyzes and examines the use of plasmonic tweezers in the field of biotechnology, focusing
on an inclined twine-core plasmonic optical fiber tweezer. This tweezer was designed and modeled using COMSOL
software and through numerical simulations, it exhibits its capacity to trap polystyrene particles on a nano-scale. The
results obtained from the research show that changes in different parameters such as the wavelength used, the radius of
the trapped particle, and the refractive index of the medium used, lead to changes in the trapping force. The increase in
the refractive index of the environment and the dimensions of the particles causes a significant increase in the applied
force, especially in short wavelengths, the problem is more visible. These findings show that the proposed plasmonic
structure has a very high trapping force, and this has the ability to significantly improve compared to previous researches.
These advances in the field of biotechnology not only allow for more accurate and effective manipulation of nanoscale
particles, but also facilitate the creation of new technologies in the field of medicine and other biological sciences. These
developments will directly and indirectly help to improve diagnostic and treatment systems.
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Extended Abstract

Introduction

In the era of the plasmonic revolution, the use of
nanoparticles in biotechnology has been recognized as a
tool for scientific and technological innovations. Research
studies have shown that the physical and chemical
properties of nanoparticles are significantly influenced by
particle size. Noble metals like silver and gold, when
approaching the nanoscale, exhibit very strong absorption
due to the oscillation of conduction band electrons
between the nanoparticle surfaces, a phenomenon known
as surface plasmon resonance. The remarkable optical
properties created by gold nanoparticles have historically
been used for decorating church windows and ornamental
items, as seen in ancient objects like the Lycurgus Cup,
which displays dichroism based on whether light shines
from the front or the back. The color filtering effect caused
by light scattering and absorption by nanoparticles is
significant and clearly observable in the visible
wavelength range.

Governing Theory

The optical tweezer with a dual-core fiber includes a
single-mode fiber, a Mach-Zehnder interferometer, and a
dual-core fiber as the main components of the study, using
gold and air as the core and cladding to enhance particle
trapping. The image of this setup is like a Mach-Zehnder
interferometer with square function. The reason for
choosing a conical structure is due to the convergence of
light beams and the creation of a high gradient intensity at
the tip of the optical tweezer, as well as the increase in
trapping force at the tip of the plasmonic tweezer.

Simulation

In this section, the design and simulation of a dual-core
plasmonic optical tweezer in the COMSOL environment
are presented. Additionally, the behavior, gradient forces,
and scattering forces are precisely calculated and
analyzed. The use of plasmonic metallic nanostructures
with localized surface plasmon resonance (LSPR)
indicates significant achievements in particle trapping.
The strong and focused fields, especially in metallic
nanostructures with LSPR, can effectively act as
nanoantennas. In this research, a conical dual-core
plasmonic optical tweezer is designed and simulated to
trap nanoparticles. The primary objective of this study is
to enhance the optical gradient force in the system. To
achieve this goal, the light field distribution from the tip of
the conical fiber is calculated using the finite element
method, and the electric field intensity and the system's
gradient force are accurately examined and evaluated. This
research is fundamentally focused on the development of
optical technologies to improve the efficiency of trapping
and controlling nanoparticles. The simulation of the
structure is performed using COMSOL software

Structure Design

The design is based square equation. The structure was
designed in the COMSOL software, with a port placed at
the left input of the structure and a port at the output to
measure the power transfer from the input to the output of
the structure. Since the structure and excitation mode are
TM mode, the port settings are configured for TM mode,
and the wavelength is varied from 1 to 2 micrometers to
analyze the results.

Results

In this study, the effect of particle size on the trapping
forces in the plasmonic tweezers system was carefully
examined. The results showed that with the increase in
particle size, the calculated force in the x-direction also
increases. This change in forces indicates the significant
role that particle size plays in increasing or decreasing the
trapping forces. Interestingly, with a several-fold increase
in particle radius, it was observed that the amount of
trapping force decreases. This change in force behavior
shows that with an increase in particle size, the required
laser power also decreases. Specifically, larger particles
require more laser power. Consequently, the conducted
studies emphasize that the physical properties of particles
play an important role in the optical trapping phenomenon
of this system, and this information can be used as a
powerful tool to improve the performance of light-based
technologies and their various applications. The proposed
structure in this study has been able to create a
considerable force for particles with a size of 10
nanometers. This is related to the resonance of surface
plasmons and indicates the structure's ability in optical
trapping and manipulation of nanoparticles. In general,
this study clearly states that changes in particle properties
and the optical properties of the environment have a direct
impact on the trapping forces in the plasmonic tweezers
system, and this knowledge is valuable for improving
optical technologies and their various applications.

Conclusion

Surface plasmon polaritons are excited by surface
electrons at the interface between a metal and a dielectric.
Due to their mechanical capabilities at scales much smaller
than the wavelengths of ordinary light, they have found
numerous applications in nanophotonics. This article
examines the significant applications of these polaritons in
optically trapping dielectric nanoparticles using plasmonic
optical tweezers. Plasmonic optical tweezers can create
strong local fields at their tips and enhance optical fields,
enabling the trapping of particles much smaller than the
diffraction limit. This capability makes them a desirable
option for producing plasmonic optical tweezers at the
nanoscale. Plasmonic optical tweezers can trap smaller
particles compared to conventional optical tweezers and
make sub-diffraction limit trapping possible.
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Abstract: "Revenue management" systems are extensively utilized across various industries today. One of the primary
pillars of revenue management lies in demand estimation, which predicts the demand for products and services.
Understanding customers and their preferences forms the cornerstone of demand estimation, and this understanding is
acquired through solving the "customer type discovery" problem. Recently, this problem has been addressed using the
"genetic" meta-heuristic method. In this research, we propose solving this problem utilizing the "memetic" meta-heuristic
method, employing alternative approaches to identify the neighborhood. By evaluating real data from five hotels, we
demonstrate that our method offers the first viable solution to the problem, resulting in a total of 10.5% fewer iterations
compared to the "genetic" method.
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Extended Abstract

1- Introduction

Earnings management systems are in use in many
industries. Maximum profit or revenue can be achieved
using revenue management systems and this is a result of
the deregulation of the US airline industry in 1978 [1].
Profit management helps in making important business
decisions that directly affect the purchasing behavior of
customers and consequently the business revenue.
Finding customer demand is known as “demand
estimation” and this prediction describes which customers
will come and which products they will buy [2-5]. The
product offering decision is known as "bundle
optimization" which considers what products should be
available to customers in a specific time period [6-9].
Pricing strategy is a term used to refer to the procedure that
determines dynamic pricing policies and their relationship
to revenue management [10-12]. "Demand estimation" is
one of the most important stages of the profit management
process. At this stage, we should have a clear view of
customers and their list of product preferences.

The amount of demand for each product in a period of time
can be found by obtaining two main data "products
available for sale" and "types of customers"; Therefore,
demand estimation may directly depend on finding exact
types of customers. As mentioned, finding exact customer
types among all factorial types is classified as NP-hard
problems [16]. Note that "Sales Transactions" and
"Product Availability" over a period of time are the only
available data in this problem, and customer types must be
inferred from this data. The name of this problem is
"discovery of customer type".

2- Methodology

The problem of "customer type discovery" is investigated
with many mathematical approaches. Most of these
researches use "choice-based demand estimation" models
[16-18]. Recently, the idea of using meta-heuristics to find
customer types was presented by Haj Mirzaei et al [19].
They presented a genetic algorithm to find suitable
customer types from 5 real hotel datasets and solved the
problem of customer type discovery.

Finding an acceptable solution using this approach is time-
consuming and may not be suitable for some business
applications that require immediate results. The use of
"local search" algorithm can provide faster solutions, and
the connection of "local search" and "genetic" algorithm
can help for "faster convergence". The present research is
an attempt to find the first acceptable solution to the
customer type discovery problem with the least possible
generation in meta-heuristic algorithm. The main idea of
this will be through the use of "local search" with the
genetic algorithm. In this research, different local search
approaches will be presented, so that by using them in the
local search of the memetic algorithm, we can obtain the
first acceptable solution of the problem faster (by reducing
the number of generations) compared to the genetic
algorithm.

After entering the type of customer in a time period, the
customer chooses the product with the highest rank from
his list of preferences in that period. If the customer cannot
buy a product, he chooses the zero product and leaves the
market. The customer entry rate in each period is discrete
and homogeneous with a probability of 0 <A < 1, which is
considered the same in all periods. The term "consistency"
is used because no one can truly tell which type of
customer entered a period. Therefore, we can only find out
which type of customer is compatible.

Evolutionary Algorithms (EA) are suitable for cases like
customer type discovery problem. As mentioned in the
literature review section, genetic algorithm has recently
been able to perform better than mathematical approaches
for problem solving. Pure evolutionary algorithms are
more efficient in searching the problem space when
combined with other techniques, such as local searches
[25]-[27]. Therefore, the use of neighborhood makes it
possible to use local search together with the genetic
algorithm [19]. The memetic algorithm is a combination
of genetic and memetic evolution We will use them in this
research [28].

3- Results and discussion

For the evaluation, we will use the dataset of five
Continental hotels located in the United States. This
dataset mainly consists of travel information of people
who have booked rooms for business purposes. This
dataset is publicly available and used as a benchmark for
the customer type discovery problem. The data span is
from March 12, 2007 to April 15, 2007, which includes 34
days [23]. Reservations are made through various channels
such as travel agencies, hotel operators, personal visits and
hotel websites. To evaluate the efficiency of our local
search approaches, we implemented the mentioned three
approaches with the memetic algorithm and compared it
with the genetic method [19].

For both approaches (memetic and genetic), we have
created an initial random population with a number of 25.
The test is to show the speed of convergence in the initial
phase (convergence of the population from unacceptable
solutions to acceptable solutions). In this test, when the
first acceptable solution is created, we have prevented the
algorithm from continuing. Each experiment was repeated
30 times and the average results were reported. The results
can be seen in Table (2).

4- Conclusion

If we consider each customer type as a preferred list of
products, discovering customer types is the first step in
estimating product demand and one of the first steps in
pricing strategy. If sales transactions and product
availability data are used, finding customer types with
meta-heuristic methods is challenging due to lack of data.
In some applications, finding the first acceptable solution
in a short time is more challenging than finding the optimal
solution.

35

. A
JCDSA, Vol. 2, No. 5, Spring 2024 “ \f



”: ‘n
/\,_ Islamic Azad University , Shiraz Branch
= [ astaba glassla da loe (Ludos e a5

\/’ S f Journal of Circuits, Data and Systems Analysis
\$

() sanad.iau.irfjournal/jcdsa

Saiao @i )93l ) 33a Hlued SS9

(& pino £95 8L S

F 55058 a8 T e She 4l T lagin ol M Vaedl i sl

Ol gl (oDl I3 oKzl crgmls 9ty (56 g (ylaz o) Kimgsy oKy
h.sherafat. m@gmail.com
Il gl o oodl ol3T oKzl crguls 9ty ¢ 5 gualS  wiigs 09,5 -Y
Ol zgls ¢ eodll 13T o8zl czgusls 9ty (56 g ylaz )] Kimgsy o8y
yaghoobian.h@gmail.com
malekhoseini.r@gmail.com
Q‘J"l ‘C?“"'Lﬂ ns"y“‘ al)] oKl aCs.M:L\ A>|3 ‘)JWLS (g as)f -f

Ol @l (oDl o131 oKzl crgmls 9ty (56 g (ylaz o) Kimgsy oKy
ka.bagherifard@iau.ac.ir

S5l g o pae ol slaal 5l (SO sl o ooliiwl alie mlio 10 lsld D ysods o) el g o oo Lo ToduS
bl ol 5 canlolds 0,91 sl Ll Bdle 5 b i Clid 0ed o (s i Sleas § Y game Lol T el s a5 ol «Lolss
L Bedos ol 50 5 Cewloads Jo « GG (5, 0001,8 Sig ) 5l solainl b alies (pl (T30 a4 .yl oo oty €5yt g5 2SY Al J> L
slaasls 51355 it oy sl 3,5 pably o €S (5 S i, i ol Salonst (58 51 S s g, S esli
(S gy 42 o S s S 00,0 1+ 0 ymmn 5304 sy 45 abom s lo] 5 53,5 sl aslisd i iy o3

ano o @yl | e Jsd L5 el el

Siton v 95! Sy o051 (g, 50l1,3 slann oSl el o o pae 1 giadlS slaojlg

s 3y 4lan g5
VE-P/NNY adlie Jls)l &)l

DOI: 00.00000/0000

VEV EIYE alie Dls &l VEW/ PN alie bl Gl

fd;yj.am 6‘)‘. UL; ot kgl..olsu .\

g o ail) a5 Vgame .Y doudo =)

v s s . w ‘ﬂ
g Sl ko5 lacad el ool b o 50l gl 55 € g g ke (glopiamsas

Sy ge Sl €TLolis 051,00 Glsiear oyt slolis (28,

PS5 el wialys (l ytis 4z 45 WS (o heogi i 02 5
€Y guasme &31,0 qromas [0-Y] o5 ainlss gl ,5 1) @Y guame
A0 AT og e sl 5 glasgarme 55lwaigd (lyiear
oy 5 ol Sloj 850 Sy e Vs aze 4z 0,5
lp &5l (Mol (s a8 ol l [a-5] asly ol i
5 Loy s I8 e d sl a5 050 oo oolaiul glayg, 4y o,Lil

3 Assortment Optimization

¥e—

Copde sopi—w ool wl b lgs o |y el ) b ogw yiSlas
lomlsn cao Sl5al; jhe Jol> el pl g 8,60 cwsds dalyo
4S9 o pice NN cLIVAVA Ju o samen YL
2 Loincs 45 S o oS IS g 30 gotn SBS oS oo
g8 el ezt )n 5 0,108 oo 5L (L it oy 5 L8,

2,5 (i (it du 40 3l 0 |y Dlaganad (ol 5,138 o 523

! Revenue Managment
2 Demand Estimation
Y=

IFY Sl — o 0 lowd — 093 Jluo — 1 ailobuo g L 031> el ylao Julodi &y puii w \f.



Ol 5 Yoo S0 [ Sitian iyl )0 Wi (Soluad slos S,

5 Sl ol 2,5es) ool 3 e3laal b Jpid 6 Jool, (3L
688 gl & )l o)l slaasliy 5l (B sl Sl (S
@ e sz o0 o 5l eolatl ails conlie w5 lo il o
Sy iz JLail 5 488 1) 5 i sl oo o
AL S8 iy o] e (gl adlgl oo «SLIE g € e
G dlieen J3r 1B Sl oyl 8L (el 90 0l 3
ol sl (Il 158 o ;5501 )0 (e Jund (2 0 Ly (5 5iie 98
Selys S5 o oSl b € e (goin? (5,554 el opl (Lol
olgs all)l (oo Gorii—na ilie slod S0, G5 (nl 50 g
peoles «Siton 1 ,65) (Ao (sezias j0 o]l oolaiul L b o
S5 5,505 8o, ) e |y Al e J3 5 Sl ol
D9 035 Gty B w95 A o (oY (sl Juns

O D5 g AN 1y BB diiion Ay Gudod ()l aslol yo
Ol 3l 5 )5 aalss )18 () 0550 € 0e g5 RSP Al
Srd N9y sy 5 Seion o )sNll SaS L Al J> 0520 4
Ao oo Sug; cgan (23w 53 5 99800 o)Ll (Solwos o
Gz onl OLL S amt (i5u 9 a8 oo )8 Al 900
RYPIRAPES

B Ay 9 bl =Y

IS Sl lyed Lol 0,50, Joaw [VF] 580y 5 il 09
3 sboosls 5 (5958 slamaSTys I s i glgil 03,5l sl
ol Ao Jolds a5 w50 8 sty e Jgmame (392 (s
Sl byl (S5 Jymame Ccd S 5l Jao onl Jgl al> e
S5 Jgmaze ;2 a5 o ooliiwl 0,50, Adgl J> sl DY gazme
) yio 5 Jomame S i oS cl (g5 g9 Sy o lis
Lol Geedss Joo Sl B gi cpgo al> 5o )3 09200 Jolt
6l Jain] SIam eyt Joe olal 4 aniS o oalit ol
Baliyt ey alo o 5 055 0 e ol 07 (Sisln 25
s (g £ Sa 8l gl MIP) Y bl o d0s
s Jol, (Saisly 05 (o] @ (0,5 8Ll L aS 0 e oolail
0,59, &5 (Slojy b wig—Boa JSS T 5 ¥ ol pe S (oo (e
SiS e st |y Joly (Sl a5 ) s ol e glgil wilg
5 ool Ly 50,5 anms YOV Jlow 0 il cpimads S oluliss
Jlei jiSlas &g 4 alias J> g EM) A Uil o500 i3S Tas
S PE NN A ] REEECIWIRJRe B8 Sl 2Ll
5 @liymegls wb a8 S s (6 iin g8 S Al > Glgie
0 3l sy glsil 59,8l (sl S ey 51 DN AT ) Sen
Sy SW5le ali g0 5l B ais g .ais S oolaiw! i bols acgeza
Al wli i sl (Fuijln wliais S ssliiul Corex b))

5 Local Search

¢ Fitness

7 Mixed-integer program

8 Expectation maximization

o
N Y e o2 o 53 Jlus = s lalr g s 313 e o i =

v

Syl DYV o] 0iS om0l o o b Lo T LS|

Syl Glews 5 @

2o 5l gy dad Wl al> e

“i 9 L)L"J
P o (Jog—amo £ N1 L (5 15l ;o el A _dls Y4 e
ol s oo ez 5 oS (Vgama jl Ciye (b b €5 ke
Sy yo a8 ol S BB NOY Al sgi e ools ol wss
L aS cul (g it glyil 85l slasd caie cpl jo Lol il aus
Slp Rl olasy (138l 0 g OYg ase dlasd 4y azgl
RS 2 12 ISRV FE IR S F RCHNURICH NP
Ls,»_w.uﬂ 854 A—w g O)b S¢>9 )55;/_“5 B JS—'A""‘“ {1,2,3}
b sy Slej 5L Sy Ci={2,3}) 5 Co={1} Ci={1,2}
Syl 1, ¥ Jeame Q] loa il opws ;o) STl w5
anle> S5 1) Ik g 0,5 aalsss gl 5 1) (Jswame g ol cails
S1ogd oo 00ls (ioled () yaw Jguame oy 5> L €y > pae» oS
ez ol i ils o iws (o (g pdn g9 e DY g acts dan
Elgl Gioled umeo (g, 0 wales 8Ll (5 2w £65 10 sl
Co={1,0} Ci={1,2,0} ¢ anly> &5 o cpl 4y oL e
.C3={2,3,0}

L olyicon o 0350 St 53 Jyamo o sl Ll 50
Elgh 5 € 9,8 (6l S92 g0 Y guamad Lol Bals g0 48 glcmsa
i8S oS jebylos alil ails Sy (6 i 380 glgil a3l 4
O yg—oda 4T gloil dan Lo jo 380 ol i glol il s
D#] gt oo (gaaios NP-hard laws aiws ,o ol J,9:516
O35t o 53 5 € g8 Lo S| oS coul azg LB
Gl 53 s B sloosls LS« Slej 0,99 S )3 € Jg—azme
Al gt zlusul Wools cpl 51 aul 5l it glgil § dizws alivs
b 6y g5 S Altus .ol € (5 i g5 oS Al
Ol ST 055 oo S8 ey 1 9550 (Sl 2Ly lo0,S0s,
oola .l «‘“ul.zu‘ > ‘5~.~.~0 L_oles d)jyl)g» 6L®JJ.A )| L‘bwﬁjf
8L 6l Tl g, 5l eslasal sayl T [VA-VE] wis’
LT VAl el sazasl) o)) Ka 5 ol puegls sy (s yiins lgsl
aegoze O3l cnlio g ioe lgil (8L (sl S e8I S
A3,S o |y (6 yiie 98 alS dlio g 2ol &Ll aBly Jia Bols

! Customer Type

2 Customer Type Discovery

3 choice-based demand estimation
4 Metaheuristics




Srdpaald o8 (Vsame gl Ll (29, 5 09—B00 WP aiz
SleMbl 38,5 a0 bWV o men s solial LB sl
el—wl—s gl K-means ol gondaiss lacSasSS 5l iges
A oo o5l b SuST (lais )5 solaiwl plese (5 it sl yisn
oz 5l oS o sla Sy bl 2 Gl —tio ooy S L oS
ol sloaly oS z,5 slosle 5 G e (o (i
258,5 oolawl & 093 15 Gl )5 gy 5 sl 5,8 55 pe5 ogalls
S slacols a5 Sleesls acgeme slp 1y oY oL Ll [
S Sl i [FY] o s lad eolan ol eobls aigls
s liwl g aisdan bls (gilu —az s Colan [0 (5 b
)l i 44w 1) (sie)l sladig, 5 aiS oo wST Slads
Elgl Goes Lol i )8 O9g0 oy Slusl auS o
PR kS)t;é) LS"\""[“"—“""’ °:}€.34+‘°)54-P)—‘GM 6‘\""{0—‘—"‘-"3
PN A (6 e Ay S el o aS o lo 4SS ST L8y 5

S e dgaze )l 0y > slaosls

o 7 o - ¥

“‘653‘2’ 1S» als

a3 ey | €5 5 NEE
28 03,5 oo ooliul [NA] wlodla ol g slas 3l easiles >,
‘5>Lo) GL‘J")[? 5 a_x_.i;L;)L.\.i)} uys_.am N = {0,1, ...,TL} S
&l G o as asli il b xie glgl awgs € = {1,2,...,T}
PRV O)L...:| SLS J)jbw o )‘)LJ )‘ Cs;} 9 u;)).iJ Qd‘))} ‘5L_\A
hJMuj)oJ@YMJ@o})ML&M&];&
G yiinn 2y €C(J) < C(h) s9-is o 00ls s woyls J1,8 751 5YL
59 0alall )| S giaze Cd a8 o > ST 4 h Jguame oy >
J?M) Sl St22 d])o dScSt (S ON, c St L LS’L") E)BQ]C&
€5 3939 3l 98 (0 At (K08 Jgmare Sy Jilao g o
Sad; ;YL L (Je—ame (6o (gloj 33l Sy 50 (5 i
Slg 6y ST .06 o Dbl 0,90 o 10 093 Gloes 5 cdd
.A.;S‘S.o Jj.a |) )|)'L39 eo; ol ‘)J.a..o Jj.a;m 5o ‘) 615‘47“
Jheal b (e g a5 0)90 52 50 plo e 3959 E5
QTAGAM;)E)QUL&LQO)BQ‘SALAJ)JJW‘O <A< 1
o rd 53 slaosls 5 (98 sla 2815 5l (slaiges (V) Jgu

59 0 oo i ool degaze 3lo w3l w1y Jg—amme 09
A ) 0)50 ;00,10 0929 Je—ame O g Sloj 0,90 O Jgoz )]
bwgi | Jgamme 5 ol (39290) o yiwd 55 (958 Sl p Jo-ae
b?}aa 9 s 9 \ UYM Y 0,99 4O ] ag\_wks)‘daf L_g).o_m.n
».C3={2} 5 C; ={4,5} L£; ={1,2,3,4,5} 5555 0 ,l5b

ol 9)lg €1 31 s ccal T 55 0,90 ol 10 € (5 yiia o) 090

3 Period
4 Compatible

B ool gl 18] 3o a5 Ceod MLE aylie 45 ol Jlozs!
3 s o J58 et slo el sl 09 om ool S35
s e G s eolitul (6 K00 (Sl &b S
Sl 995 )5 sl 1) atee wdsisl 5 Ghales sl ySles wis S
il Sl il (g Gy A S (e SES wiily 5 aiS

095y (sl il (e Sl (ress Jaa Y]
b logei ol () 058 oo oolaiwl al> o aw jo (55 gl
(F 5ol ana—iss (Y g i g5 o Gl oz slasyz
Syge sbosls (s yite £95 10 (T S S Sy g eSS
aile oyl (B 50 aiin ' o5l g9 5l kit cnl (g ool
S ) S sl leasliy (Sl as el s (T slefil
ooy (((5,lolsg Bl e (gl ) auiS o oolai il )b i ie
S92 g0 loodls g g ,8 S lales 5l yiden Jlews (28  ogdle D950
5 il ,m0 oobl slaosls 4y eosls 45 () aiid Jgmazs o9
o o0lainl BB 5 gy ol oS lrools b sleacgezs (ol

Elgil a5 (gl €asS QL] s 1 250 Sl 0> Joe
g5 o slp IVAD o oolil o Sen § YoillSls by (6 e
S o9l (sl €8 e sy (5185 5,99 B gama oS, o5 e
o S gl g ol solaiwl eols gt giile 6 F0L o,
5 9,955 Sl (g 03 5 slaosls 5l €28 ,5 a0 degace
Sy lis gy 5 ol ooleiwl Jamama (081 (wypws j0 gloosls
Sl el sl te goncwo aglisl as 6o)l50
2t 62,500, [N] s 5 J opalss cilio cnl L35>
sloosls sl osliwl b (Kaal ()l it glgil (280 (sl n Sl Jow
85l L 0,59, cnl oS slering Jyamme (09 oy )3 9 (892
ol ]y dax byt el S o (a9 99500 5T
olas aiagy ol o5l s |, azegy ol b oS adl_sl J=ol,
5 WS oo e o Boolail Bolo degaze 4y 4z g L 1) (6 i £yl
Sl Jae sle iy e sl Tl Ul (g5l wat i
S gl 63,50, [YY] L 5en 5 ol pmogls 35— oo oaliiul
238,5 lgptey SendlS o i s bl 5, (55 g5
sbomgl adgl ol 5V it e o0 LSS iy el oS
iy s0 oS |y PME) 6t g9 50 Szl ¥ jidy 0uS o0
LY 5 ¥ slo s i e iy (souir 5t ¥ s wlalai)
Hgd (oo )15 B85 slalre 4 o)

3 Jlzs (bl oy Gl 553l (il aidsg 4 (Y]
Oh9p 2 e 2allS (6 it (Sl 0,505, S drsi 5,k
G (550l Jow S sl oolaiwl b asdlas ol o5lo oo £9imas
wloosls )3 (salS (5,13, sla Ty plosbizd sy )l (e
S e gy 1y Los o 93 Wil gy (o 08 o0 oolitinsl (5 yiits
Jols 93518 yo g oo oolazwl JKS ools dcgomme 5| Buios cpl jo

! Panel
2 Expectation maximization

A = VFT g et 0 lowd 095 Jlw — U dilolus g o 0313 b e oo s Sf\\f



Ol 5 Yoo S0 [ Sitian iyl )0 Wi (Soluad slos S,

sl Gl g5 dns ol JS T o3l e ;53503 a5 jsblan
o = [awGdso- [ [woiso- [ Ja-» ®

teTp teTyp

el 5 700 & log-likelihood y.e5s ,iSTas 4

Li(X|2) = Z(IOg/1+1ogP G:1SD) ©)

teTp

teTna

+ Z (log/1+logP(0|St))

teTnp

bwgi o Jgame So Sl Jlotal gt 0 1) St (ol
oS ol tpds Sl Xiem, (jrs) Xi &ys=e atoyed 1o ol yiine
5 508 sl b ogy aalys i JLais i o) pae &30 50
sl ALl pile oo o(Q) Wolas o Jlozs!
*)
L;(X|A) = Z log A + log Z X;

teTp ieM¢(jelSt)

+ Z log A

teTnp

+ log Z X;
ieM(0]Se)
+ Z log(1— A1)
te€ETNA
() gilwadS 5l s

LX) = Z log Z X;

teTp €M (jelSt)

+ Z log Z X;
teETNA ieM¢(0]S¢)
HTyallog(1 —2) +(ITp| + |Typl) log 2
Y g5 log-likelihood sacas L_zi Jsl &le (V) o
Aok 5 0u5 e slesyss sl pss Ojle S sleeyss
V8] il log-likelihood abls ol .ol 59,5 90 slao 3 (sl
(KA) 5 (6 gl s &5 500s g ol LS5 BB A 5 X o alolee .ol
« _ ITpI+ITnpl . o P
oS By A = T Gl e (o enl s e

€ yikinn & g5 BinS» alomnn S 9 Suiow =¥

&y 5)lge sl (BA) T LelSs (slaeis ;65!
Wb 53 Slusl oy p B ,0 45 ebiyles aiius calie (5 ke
Ais Jor (sl 3y sl S ) aidlys S ok oS e
Al (sl (s ;3 Al LalSS sl ;o808 e 2

=S als o il

3 Evolutionary algorithms

b
C VFT e o oyloud—e9d Jlw— b ol 5 s 0313 i o o 4y i == ¥4

ol 4« 5L sl gl (o (55l 5 ) Jgaze 90 059
28 (a3 (Al by Wik ool (S a5 S90S @ Jdo
sl oo S (nlplo Sl 0aslisjlg )93 S 40 (6t g9 ploS
Srie £55 i3 G (V090 )0 el 5 5le (g0 £55 pIS ooty
s 585l € (Y 0,90 40 45 05 85 30 cpl 4 el 5L
Sl ) Jo—ame (6 o0 0599 (2l 0 €1 51105
o D 0,90 10 el 0uii o)y (5 yide £45 gt (F 0)50 0 0,5 o
Al )5l (6t T g ¥ g hadd o5 | ouis ()l 3 (Jguames
o8l S e )3 15 Y Jgmamme s 0y35 cnl 4 €1 5115
S Sag, 5o wuld pl5 sl w090 5o (sl s e Elsil 6551
old Me(ey Se) L1899 50 )55k (b o lgil o 3L s
9 {Cq, o, G} (5o glgil JolS dcgommo (gl oig— o o0l
el oyg3 iS15 iy 5 0d 48l N gumma Sy )] 0 45 ¢ € S,
90 (o0 I 25 Dyge 4 )55l (5 00s gl

MG, Sp) = {i: Ci(e) < Ci(k) Vk € Sp, k # ji} M

ol 5l e el sasoliag Vol jo IS a8 bl Juw
Je ds—ame w3 Jloiml (8L sl Soyell e Joe SG Glgieas
00,5 oo oolaiwl £ Sloj o3b 5o

purchase probability x)

{Ap(itlst)rjt € S
No — purchase probability

p0ISe) + (1 =)

3559 P b o Js—ame 3wy 5 el sl T 3 a8
3,910 &l MLE) " Slesisys 2Slas 55,60 5 il (g e
500 o3liinl 5 2,0 4 Lol

- )
com = [apGeiso
t=1

DP9 8 Sy diged 9 Jguazme (091 (w yiwd 39 :(1) Jgue

0)39
0 A ¥ Y \ Y ganme
P = ab ab )
P = ab ab Y
al > = = ab v
= = al; = = ¥
P al al; a = o
NA f 0 ) ST
{23 - H{L2 {2} {l} S5k
Tnp Tha Tp Tp Tp oS15 gg

No- 5 No-Purchase Purchase iizs i« ""NA "NP" .P "

cwl Arrival

! Choice-based model
2 Maximum likelihood estimator




1 | Generate random initial population
2 | Local search

3 | Fitness evaluation

4 | Repeat until (termination condition)
5 Single-point crossover
Reproduction operators
Local search

Fitness evaluation

Survival selection
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Abstract: One of the most important applications of bioelectronics is to improve health and increase the lifespan of
people through implantable devices. These types of equipment become more important and find more applications day-
by-day. To improve the performance and lifetime of these equipment inside the body, they must have a stable energy
supply. Batteries can save energy, but they must be replaced by passing the time, and this causes resurgery and extra costs
for the patient. In this regard, many efforts have been made to supply this needed energy from inside the body. In this
research, a new method for harvesting energy from the contraction movement of the diaphragm muscle is presented. In
this method, a mechanical structure is used that transfers the energy from the diaphragm movement to the piezoelectric
layer through a silicon spring. The piezoelectric layer stores the harvested energy in the electrical form.
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Extended Abstract

1- Introduction

One of the challenges in implantable devices is providing
their required energy. From a long-term perspective, their
batteries need to be replaced and recharged, so, researchers
are presenting energy harvesting from the human body.
Energy harvesting is divided into outside the body
(wearable), and inside the body (implantable). Chemical,
mechanical, and thermal energy harvesting are popular
mechanisms. Wearable electronics have problems like
power consumption, high volume, and restriction, so, a
flexible triboelectric nanogenerator was introduced.

As a thermal energy harvesting, a flexible three-
dimensional spring-like thermoelectric device (S-TED)
with double elastomeric layers and air gaps was presented.
In vivo energy harvesting increases the lifetime of
implantable medical devices, it is an attractive process and
satisfies sources of power supply in low-power
applications. The method of harvesting energy should be
stable and permanent to exempt the patients from battery
replacement surgery and reduce the costs and risks of re-
surgery. The energy was stored from internal organs in the
spring as an in vivo mechanical energy harvesting, a
triboelectric nanogenerator harvests energy from the
breathing and diaphragm, which is suitable for electrically
stimulating different neuronal structures.

The piezoelectric nanogenerators are another in vivo
energy harvesting method that is applicable for low-
frequency movements. Piezoelectric materials are a
sufficient way to directly transfer mechanical energy to
electric energy, but in general, these types of equipment
are facing important challenges that are addressed in this
research.

Firstly, the efficiency of energy transformation needs to be
improved, while balancing the energy harvesting
efficiency and the relevant harvesting technology is an
important challenge. Secondly, the verification of the
long-term operation of the organism to achieve a
symbiotic state, and the biocompatibility of the devices
require a large number of animal experiments and clinical
trials. As an energy harvester’s application the stimulation
of the vagus nerve helps the treatment of many diseases,
such as obesity, neurological and mental diseases, and
Alzheimer's. This equipment, like other equipment that

can be placed in the body, needs a battery to provide its
energy. Therefore, in this research, a biocompatible energy
harvesting system is designed to provide the energy of this
stimulant from diaphragm motion.

2- Methodology

In this study, the diaphragm muscle is chosen to harvest
energy from it, because of its strength and constant
movement. Also, from the implantable viewpoint, there is
a suitable space around the diaphragm muscle for the
harvester devices. Lead zirconate titanate (PZT) has good
results in experimental evaluations in converting
mechanical energy into electrical energy.

As a piezoelectric material, the PZT-8 satisfies the
requirements of the proposed energy harvester, especially
for in vivo and low-frequency movement. The diaphragm
muscle in its relaxed state is convex and the contraction
causes it to decrease and become an almost flat surface,
this deformation causes a force to be applied to the
piezoelectric layer.

3- Results and discussion

One of the factors that is very important in the design and
construction of energy harvesters is how much electrical
energy can be harvested from the muscle. In this article,
we have investigated these issues and the mechanical
changes and electrical outputs of the harvester To check
the accuracy of the performance, the results are shown
after 100 time periods. A graphical diagram of distributed
voltage on the piezoelectric device is represented and the
results confirm the performance of the presented model.

4- Conclusion

An energy harvester model is presented which is an
implantable piezoelectric nanogenerator (IPENG). It
harvests mechanical energy from the diaphragm muscle.
Evaluations show that this harvester can provide satisfying
energy for long-time usage and this feature presents the
design as a long-life battery to prevent multiple battery
replacement surgeries. The piezoelectric  energy
harvesting systems are compared with the presented
structures, without harming the body. The results show
that the proposed structure is suitable for supplying
implantable medical devices.
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Abstract:

Building upon 4G LTE, 5G NR establishes the foundation for enhanced mobile broadband, including more capacity for
wireless users, improved links among users (less lag time and network loss), and enhanced data rates. n38 (2600 MHz),
n48 (3500 MHz), and n78 (3500 MHz) 5G NR bands are among the most commonly tested and deployed 5G frequency
bands due to their relatively common availability. Dual-band or multi-band antennas are the key requirements of 5G
coexistence with 4G. Since slots make patch antennas smaller and more low-cost, slot-patch antennas are extremely
attractive to be used in 4G/5G dual-band or multi-band applications. In this paper, we have demonstrated a dual-band 4G
LTE/5G NR slot-patch antenna for 2.6 GHz (for both 4G LTE and 5G NR) and 3.5 GHz (for 5G NR) frequency bands,
and successfully verified its performance experimentally. A very good agreement can be seen between simulations and
experimental results.

Keywords: 4G LTE, 5G NR, Multi-band antenna, Patch antenna, Slot.
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1- Introduction

By Q3 2023, more than 11.7 billion mobile connections,
including cellular IoT, and nearly 5.6 billion unique
mobile subscribers are reported [1-2], and it is expected to
reach 6.3 billion unique mobile subscribers in 2030 [1-3].
There will be also more than 600 million new subscribers
by 2025 [1-2]. Global mobile data usage will also grow
almost fourfold by 2025 [1-2]. Other reports show the
same growth [4-7]. Mobile computing with wireless
communications has already changed how people
socialize and how companies do business. Early examples
of this exciting future include virtual and augmented
reality, autonomous driving, smart cities, wearable
computers, connected devices, and on-demand video [8].
The available spectrum has a major impact on how a
network’s maximum capacity and coverage are defined
[9]. Some services depend on ultra-low latency
capabilities, while others need superfast download speeds.
Some need highly localized connectivity, while others
need nationwide connectivity. Each of these examples
needs different spectrum and network resources [6-7]. The
aggregation of the different spectrum bands from sub-1
GHz to mm-waves provides the best combination of
coverage, capacity and user data rates. An important
feature of the 3GPP! Release 15 standard resides in the
ability for LTE? and NSA3 5G NR* to coexist and share
the same low frequency bands without having to fully free
those bands from LTE use [10-11]. The IMT?>-2020 Vision
(Recommendation ITUS-R M.2083) includes three usage
scenarios for NSA 5G NR, as shown in Fig. 1 [11-12].
The mid-band frequencies meet the needs of wide area
coverage and data rates of up to a few Gbps [13-14].
Higher frequency bands in 5G will provide capacity with
smaller cells, and lower bands will provide coverage with
larger cells [14]. ITU-R has identified the 2500-2690 MHz
as a global band for IMT and this was formally included
in the Radio Regulations in accordance with Resolution
223 (Rev.WRC-15) [11-15]. 3400-3600 MHz (formally
known as 3.5 GHz band) is harmonized in the Radio
Regulations, and the use of 3300-4200 MHz for mobile
broadband is the subject of harmonization activity from
2003 [14-17]. As multi-band operation is the key
requirement of 5G, a single antenna is highly desirable if
it can operate at different 5G bands, especially if they are
common to 4G [18], and may provide an alternative to
large-bandwidth planar antennas, in applications with
operation at two separate bands. Various dual-band or
even tri-band antenna deigns can be found in the literature
for different frequency bands, which most of them are for
GSM’, DCS8, UMTS?, Bluetooth, WLAN!?, WiMAX!!,
or satellite communications [19-22]. For dual-band/tri-
band 5G designs, most of the work has been done for high-

1 3rd Generation Partnership Project

2 Long-Term Evolution

3 Non-Standalone

4 New Radio

> International Mobile Telecommunications

¢ International Telecommunication Union ITU)

7 Global System for Mobile Communications

band (mm-Wave) frequencies, in which 28/38 GHz and
38/60 GHz combinations seem to be the most favored [23-
29]. However, some designs can be found on dual-band
4G/5G applications, which is the case of our interest.
Ojaroudi proposed double-element square-ring slot
radiators located on the corners and fed by a microstrip-
line for a multi-band antenna array for 2.5-2.7 GHz, 3.45—
3.8 GHz, and 5.00-5.45 GHz [30]. Ojaroudi proposed
eight identical PIFA elements placed at different edge
corners of the handset mainboard operating at 2.5-2.7
GHz, 3.4-3.75 GHz, and 5.6-6 GHz [31]. Yang proposed
a compact wideband printed antenna which can provide
three wide operating bandwidths over 685-1012 MHz,
1596-2837 MHz, and 3288-3613 MHz for 4G/5G/WLAN
communication systems [32]. In this paper, a dual-band
4G LTE/5G NR patch antenna based on L-shaped slots is
proposed for n38 (2600 MHz), n48 (3500 MHz), and n78
(3500 MHz) 5G NR bands. These bands are among the
most commonly deployed 5G frequency bands due to their
common availability.

The paper is structured as follows. Different methods
of achieving multi-band performance as well as L-shaped
slots are described in the 2nd section. Our design method
based on L-shaped slots is presented in the 3rd section, and
finally, the simulations and measurements results are
summarized and compared in the 4th section. The
conclusions are stated at the end.

2- Dual-band Patch Antennas based on
L-Shaped Slots

Conventional techniques to achieve dual-band operation
are orthogonal modes, multiple patches, and reactive
loadings [33]. By using multiple patches, the dual-band
operation is achieved through multiple radiating elements
[33]. This method does not seem to be a suitable method
for our case, since the achieved frequency ratio is
practically above 1.5 in most cases, while in our case, the
frequency ratio is 3.5/2.6 = 1.346.

Another popular technique for obtaining frequency
ratios below (as well as above) 1.5 is introducing reactive
loadings such as connecting stubs or introducing
additional resonant lengths [33]. Exploiting capacitive and
inductive effects through U-shaped or L-shaped slots also
results in two resonant frequencies [24-25]. With these L-
shaped slots close to the edges, as shown in Fig. 2,
widening the L3 gap between slots increases the first
resonant frequency, while widening the L1 gap between
slots increases the second resonant frequency [24-25].

8 Digital Communication System

9 Universal Mobile Telecommunications Service

10 Wireless Local-Area Network

' Worldwide Interoperability for Microwave Access

53

. A
JCDSA, Vol. 2, No. 5, Spring 2024 “ \f



Design and Experimental Verification of a Dual-Band .../ Rezagholi et al.

“High-bands”
Super Data Layer
Addressing specific use cases
requiring extremely high data rates

“Mid-bands”
Coverage & capacity Layer
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Source: Huawei

Fig. 1. Multi-layer frequency band for NSA 5G NR usage
scenarios. 2-6 GHz is mentioned as mid-band in [13].
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Fig. 2. L-shaped slots close to the edges of the patch to
achieve dual-band behavior
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Fig. 3. The PTFE Teflon substrate specifications

Retum Loss Patcn

2 to 8 GHz
M

Below 2 GHz
up 0 20 MHz (paired/unpaired)
Additional spectrum required
from 2023/2025

“Low-bands”
Coverage Layer
Wide area and deep indoor coverage

L= =<

> [<w

|

fe— Lf ——{

|
0ol
R

Wi

Fig. 4. S11 parameter of the proposed single-band
rectangular patch antenna for 2.6 GHz
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Fig. 5. Radiation pattern measurement of the proposed
4G/5G dual-band antenna
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Fig. 6. Comparison of measured S11 with simulation results
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TABLE 1. Design parameters (in mm) of the proposed dual-
band antenna
Parameter Wy Ly L L; w Wi Lion

Value
mm

5

16.17

3343 2696 3343 26.96 55

35.88 8 8 0918 0.026 1.078 2.157
mm

TABLE 2. The electrical length of the proposed antenna
compared with some similar works

Ojaroudi et al.,
2019
Manteghi and
Rahmat-Samii,
2007
Ojaroudi et al.,
2020
Our proposed
antenna

1.36), % 1.361, 0.32%g x 0.322

171, % 0.85), 0.27h, X 0.17)

2.7hg % 1.361, 0.61%5 x 0.52,

0.912, x 0912, 0.42)¢ x 0.42%,

TABLE 3. The fractional bandwidth of the proposed

antenna compared with others
Paper First Second
resonance resonance

Ojaroudi et al., 2019 7.69% 9.59%

Manteghi and Rahmat-Samii, 4.08% 3.81%
2007

Ojaroudi et al., 2020 7.69% 9.79%

Our proposed antenna 3.42% 9.16%

3- Dual-band Antenna Design Procedures

To build an antenna supporting both 2.6 GHz and 3.5 GHz
frequency band for 4G LTE and 5G NR, a rectangular
patch antenna with two slots is considered. Since the lower
resonant frequency determines the dimensions of the
antenna, Ansoft HFSS Antenna Design Kit recommends a
45.61x38.11 mm? rectangular patch on top of a PTFE!
substrate, shown in Fig. 3, with &= 2.1, tand = 2x10*, and
H = 5.14 mm for 2.6 GHz which is fed by a 4.852 mm-
thick strip line at the edge.

These dimensions and specifications are in complete
agreement with patch design formulas [34]. The Si
parameter of such single-band patch antenna is shown in
Fig. 4. As seen, the desired resonant frequency of 2.6 GHz
has shifted to the left and has a very low 10 dB depth. Since
the two L-shaped slots introduce LC resonances [24-25],
the resonant frequency of the patch increases and hence,
the dual-band patch can be designed in smaller
dimensions. The initial length of each slot is half of its
corresponding resonance wavelength [24-25]. Hence, the
two lengths are initially:
Loy =4 12=57T mm
Lo,=A212=42.8 mm

in which A; and X, are resonance wavelengths. As
mentioned in Section 2, the width of the gap between slots
can control the first and second resonance frequencies. The
final dimensions of the proposed dual-band antenna, as
shown in Fig. 2, are listed in Table 1.

(D




4- Results and Discutions

The comparison of S;; and radiation pattern
measurements, shown in Fig. 5, with simulations results
are shown in Figs. 6-8. As Fig. 6 shows, the proposed dual-
band antenna has a typical 6 dB bandwidth of 182.545
MHz for 2.6 GHz band and 503.861 MHz for 3.5 GHz
band. However, for the strict 10 dB criteria, the
bandwidths are 89.5509 MHz and 320.496 MHz,
respectively. With a little approximation for 6 dB
bandwidth, the 3.5 GHz frequency band can be extended
up to more than 4.1 GHz and this increases the bandwidth
to more than 700-800 MHz. As Fig. 6 shows, the proposed
dual-band antenna has a typical 6 dB bandwidth of
182.545 MHz for 2.6 GHz band and 503.861 MHz for 3.5
GHz band. However, for the strict 10 dB criteria, the
bandwidths are 89.5509 MHz and 320.496 MHz,
respectively. With a little approximation for 6 dB
bandwidth, the 3.5 GHz frequency band can be extended
up to more than 4.1 GHz and this increases the bandwidth
to more than 700-800 MHz. The electrical equivalent size
and the fractional (10 dB) bandwidth of the proposed dual-
band antenna is compared with some similar works in
Tables 2 and 3, respectively, in which A, is the guided-
wavelength and takes the different used substrates into
account.

As seen in Table 2, our design has a very good
specification among other designs, especially for antenna's
total dimensions. Also, it can be seen in Table 3 that the
second fractional bandwidth is among the best values
obtained from other designs. The radiation pattern of the
proposed antenna is shown in Figs. 7-8 for the two
principal planes. As seen, the proposed antenna has a
broad beam and the HPBW (Half-Power Beam Width, also
known as 3 dB beam width) is ~80° at both resonances.
The comparison of radiation patterns (ignoring the back-
lobe radiations) for the proposed dual-band L-shaped slot
antenna with (ideal) single-band 2.6 GHz patch antenna is
shown in Fig. 9. The similarity of both radiation patterns
is very interesting. Fig. 9 shows that, in fact, the two L-
shaped slots have not very strong effect on the radiation
pattern, but have actually made the single-band patch
antenna to work dual-band. The proposed dual-band
antenna has 86% and near 90% radiation efficiency, and
83% and 86% total efficiency for 2.6 GHz and 3.5 GHz
bands, respectively, as shown in Figs. 10-11. The current
densities on the patch are shown in Figs. 12-13. As seen in
Fig. 12, the 2.6 GHz current density covers the entire
patch, which confirms the initial design procedure of the
patch dimensions for 2.6 GHz frequency, and higher
values of the current density can be seen around both slots.
However, as seen in Fig. 13, the current density reduces
dramatically on the patch for 3.5 GHz band, and its higher
values focuses mainly around the shorter slot, whose
dimensions are exactly calculated for 3.5 GHz resonance.
These two figures clearly demonstrate the reason for dual-
band behavior of the proposed antenna.

5- Conclusion

In this paper, we demonstrated the dual-band behavior of
arectangular patch antenna with two L-shaped slots placed
on top of a PTFE substrate with & = 2.1 for operation in

2.6 GHz and 3.5 GHz, as the two harmonized frequency
bands in worldwide. The proposed dual-band antenna has
a typical 6 dB bandwidth of 182.545 MHz for 2.6 GHz
band and 503.861 MHz for 3.5 GHz band. However, for
the strict 10 dB criteria, the bandwidths are 89.5509 MHz
and 320.496 MHz, respectively, which fulfill the
minimum technical requirements of ITU to meet the IMT-
2020 criteria. The proposed antenna has a broad beam and
its HPBW is ~80° at both resonances. Comparisons of
results show very good agreements between
measurements and simulations.
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Fig. 8. Comparison of ¢ = 0° radiation pattern
measurements with simulations
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Fig. 9. Comparison of radiation patterns (ignoring the back-
lobe radiations) for the proposed dual-band L-shaped slot
antenna with (ideal) single-band patch antenna
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Fig. 10. Radiation efficiencies for the proposed dual-band
antenna
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