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Abstract: With increasing the share of wind farms in generation profile, their contribution to frequency regulation has become
crucial. This study presents an optimal robust first-order frequency controller in the wind farms, which collectively emulates the
inertial response as well as governor droop of synchronous generators. To account for various uncertainties associated with
systermn inertia, damping, and doubly-fed induction generator (DFIG)-based wind turbine's parameters, the robustness of
controller is verified through the 18-plant theorem. An analytic method based on the small-signal model of the systemn is utilised
to determine the stability region of the first-order controller. To evaluate the performance of the proposed controller, a DFIG-
based wind farm equipped with this controller is added to IEEE 38-bus test system which is updated with wind farms in
MATLAB/Simulink environment, and the response of proposed controller is investigated under different conditions. Simulation
results verify the robustness as well as the effectiveness of the proposed controller in system frequency regulation.

Nomenclature Fobust fz‘equenc}' control in power systems has been under
ACE 1 research for more than two decades [ 1-7], in parallel with advances
mea:.ecnr;:m ?rrnr in robust control theory [8-11]. With the introduction of

= sysiem base frequency intermittent renewable energy sources, robust frequency control

Ssys system base power has gained increasing attention [12, 13]. In particular, when large-
SpriG DFICG base power scale power-electronic  interfaced remewable energy sources
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Neural network-based surrogate modeling and optimization of a
mulrigeneration system
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© Departrment of Acraspace Engineering, K.N. Toasi Uriversity of Technology. Tetwar. Iran
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HIGHLIGHTS

e ANN, CNN, and LSTM models were tuned for a multigeneration system.

e A composition of ANN and LSTM formed the best surrogate model.

* Six-objective optimization was performed at four solar irradiaton values.

« All objectives were improved compared to the simulation-based optimization.

ARTICLE INFO ABSTRACT

Keywords: Multi-Objective Optimization (MOO) poses a c tional chall particularly when applied to physics-
Surrogate modeling based models. As a result, only up to three objectives are typically i Ived in si Lari : 8 d optimization.
Arstificial neural network (ANN) To go beyond this number, Surrogate Models {SMs) need to replace such high-fidelity models. In this exploratory

Long-short term memory (LSTM)
Con 5 1 (CNN)
Aulti-objective optimization

MNulti 3

study, the objectives are to perform comprehensive regression surrogate modeling and to conduct MOO for a
Multi-Generation System (MGS). The most suitable SM was chosen among four neural-network models: Artificial
Neural Network (ANN), Convolutional Neural Network (CNN), Long-Short Termm Memory (LSTM), and an
ensemble model developed through brute-force search using the three aforementioned models. The final model
was found to be superior to others, achieving R? values ranging from 0.9830 to 0.9999_ Next, an optimization
problem with six conflicting objectives was defined and performed at four distinct values of Direct Normal
Irradiation (DNT), a time-dependent feature. This aimed to provide multi-criteria decision-making information
based on atmospheric t© v. As a Iz, mew und andings were gained: (I) exergy efficiency, pro-
duction cost, and freshwater production rate were found to be highly influenced by DNJ, and (II) the critical
range of operation was observed within the DNIJ interval of 100 to 400 W./m>. Furt e, we ed the
result of the six-objective optimization with that of the bi-objective optimization obtained in our simulation-
based study and found that all objectives showed improvements ranging from 1.99 to 12.7%. Finally, based
on the findings obtained in the present study, some practical recommendations were put forward for applying the
proposed methodology to similar MGSs.

1. Introduction

Computer simulation of engineering processes is critical in the design

( * Corresponding author.

E-mail addresses: siamak hosseinzadeh@ uniroms: Tomallcom (S. Hoseinzadeh). )

iz, hoseinzadeh

hitpss/ /dol.org/10.1016/j. apenergy. 2024.123130
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A s rrarcr—— A Permuanent M agnet-Assisted Syvnchromnons
Reluctance Motor (P ASYynRM ) is favored because of its lower
Permanent Magnet (PR ) amount. They atilize more reloctance
than PR torqgue compared to Interior Permuanent Magmer
Syvnchromnows Niotor (IFMVESN ) and Sarface FPermanent WMagmnet
Soavme hrosowes Mellawtaner  (SPRISNI). Ll st maol i g the meotor
parameters at each operating point s crocial to schiewvimngs
maximum efTficiency. Variation of mmotor parameters «dwue to
temperature using offline  models has been reported in the

literature. These methods are ocomputationally  intensive,
especially when the effect of cross—saturation is inclhoaded in the
models. Online parameter estimation is more impressive in el

applications to develop @ high—performance control technigue as
0 ores of these limitations., particularly when motors oo fromt
highly nonlinear structures such as PRMASVvnRM=s. An Artificiad
~Neural MSNetwork CA™SNMNY s presented in this paper for online
estimation of indactances at the Rotor Reference Framee {RIEEF)
to ensure optimuam  performance for  model-based  control
svestems. An online_tuned dymamic model is implemented by the

oposcd ATNMN and comparced swswith Finite Elcoent Analysis
(FEA) data and experimental validation tests._

Feprworrads——  _AreifFoial  Nessral | Werveorrk AN, Prdgrde—

B
wremrre N, Assistead Syrrcfr FEenis

Adrrene (PN A S T VAT

I IS g pelelnlSlay p La )

Permanent hMagnet (PRI} machines are primmarily uscd in
Electric Wehicle (E™ ) applicaticorns according (=) their
ocutstanding capabilitics,. such as the wide range spocd control
and high power density [1].[2]. On the other hand. the low
power density and power factor of Synchronous Roeluctance
MMotors (SynRMs) lead o higher power demand for motor
supply and control. So from a whole EW system perspective,
an E% bascd on a SynRM can be more expensive than once
using a PR synchronous motor (PRMShM. Howewer, SynRMs
arc choeapcr than PMSMMs duc o their PM-less straecturc.
Permmanent Magnet Assisted Synchromowus Reluctance Motors
(PRAASynRMs) have become an applicable motor candidate
for these applications. PhiaSynRMMs uatilize both reluctancse
armd PR torgue components simultancously. For constant

prowvwer., PIVWIASynREMNs noecd fewer PvIis than PIWVMIShMs bocausc
a significant part of the orgue results from the reluctance
component. Changing the salicncy ratio makes it possible o
modifyr the whole torque profile’s reluctance and PR's torngue
ratio [3].

Wath  the adwvancement of the power of processors.
Artificial Intelligence( A1) helps serval aspects of indastrial
applications [4]. It has alrcady beoen cffoctively applicd for
power clectronic systems for particular targets [S]—[9]. The
utilization of A1 to optimmize the cost function can be classitfied
as a hcuristics model. a furzezy decision model, and an artificial
neural network  CANMN) O model  [T1-[12]. AMNMN  offcrs
tremondons adwvantages as an important AT function das to its
excellent performance in nonlinear regression., prediction.
classification. and data structure exploration [13]. Simce it was
traincd amd wvalidated by data firom the offline simulations. the
AN MN-basced model did not imcrease the computational burdemn
[14]. AMNMN has many adwvantagcous features, such as cffoctive
nonlincar mapping betweoeon imputs and outputs  withowt an
exact system model and parallel distributed processing. Also,
it plays a significant role in system identification and spocd
control  in high-performance  motor drives. including  the
PRASHhI [15].

Many studics concentrate on  employing ANMN for
constractinge obscrvers. improving weoeightinge factors for cost
function, tuning controllers, and optimizing  the motor
porformance in the designing stage [S]-[9].[14]. The [14]
sugmests an ATNMN-based method that uses a genctic algorithom
as the backpropagation algorithmm o optimmize the weoeightinge
factors 1in model predictive control (MPOC) cost functions.
Basced on the imwverse dymnamics of the wvector-controlled
PRMSM, an AMNMN structure is proposced in [15] to optimize the
contral performance. SAan ST for online tumning of @
proportional-integral (PI) controller based on a  cenctic
algorithm  is introduced im [16] for an Interior Permancnt
MMagmnet Synchromous MMotor (IPRWMSMMY drhove. Ino [17]). amn
analytical method is proposcd for the paramoter estimation of
a PMASynRM. The clectorommgnotic characteristics of a
PR ASynE M at saturation conditions arc detormined wasing an
enhanced dag-model in [18].
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Jewelry rock discrimination

as interpretable data using
laser-induced breakdown
spectroscopy and a convolutional
LSTM deep learning algorithm

Pouriya Khalilian?, Fatemeh Rezaei' ', Nazli Darkhal?, Parvin Karimi?, Ali Safi®,
Vincenzo Palleschi®, Noureddine Melikechi* & Seyed Hassan Tavassoli®

In this study, the deep learning algorithm of Convolutional Neural Network long short-term memory
(CNN-LSTM) is used to classify various jewelry rocks such as agate, turquoise, calcites, and azure from
various historical periods and styles related to Shahr-e Sokhteh. Here, the CNN-LSTM architecture
includes utilizing CNN layers for the extraction of features from input data mixed with LSTMs for
supporting sequence forecasting. It should be mentioned that interpretable deep learning-assisted
laser induced breakdown spectroscopy helped achieve excellent performance. For the first time, this
paper interprets the Convolutional LSTM effectiveness layer by layer in self-adaptively obtaining

LIBS features and the quantitative data of major chemical elements in jewelry rocks. Moreover, Lasso
method is applied on data as a factor for investigation of interoperability. The results demonstrated
that LIBS can be essentially combined with a deep learning algorithm for the classification of different
jewelry songs. The proposed methodology yielded high accuracy, confirming the effectiveness and
suitability of the approach in the discrimination process.

Keywords Deep learning, LIBS spectroscopy, Jewelry rock, Convolutional LSTM, Chemometrics

Laser induced breakdown spectroscopy (LIBS) is an analytical technique that provides multi-elemental qualita-
tive and quantitative information with relatively high sensitivity and spatial resolution' ™. In LIBS technique, a
pulsed laser, typically a Q-switched Nd:YAG laser, is used to vaporize a small amount of material, creating a hot
plasma that emits characteristic radiation. This plasma radiation reveals the elemental composition of the sample
by its unique spectral signature’. The increasing interest in LIBS has prompted researchers to explore various
methodologies aimed at enhancing the analytical capabilities of this technique®®. LIBS has been used in many
fields. These range from space, industry, pollution, medical, to cultural studies'™ ', In the field of archaceologi-
cal science and geology, in particular, several of LIBS features are of great significance. Its ease of use, speed of
analysis, and the lack of sample preparation requirements make it possible to perform in-situ analysis. Applica-
tions of LIBS in various areas of archeology have been recently reviewed'®'7.

Recent advances in artificial intelligence offer further potential to enhance the capabilities of LIBS in various
applications. Deep learning methodology, which illustrates a broad category of machine learning algorithms
based mainly on Artificial Neural Networks, has become the most studied in the artificial intelligence field'®.
Convolutional Neural Network (CNN) is a deep learning technique used in data fitting and feature learning,
and most notably in spectral analysis'®. Several research groups have applied convolutional deep learning algo-
rithms to LIBS data acquired on various types of samples. In the cultural sphere, Pierdicca et al.*® applied a deep
learning framework for segmentation of Point Cloud. They used the dynamic graph of the Convolutional Neural

!Department of Physics, K. N. Toosi University of Technology, Tehran 15875-4416, Iran. *Research Institute of
Conservation and Restoration, Research Institute of Cultural Heritage and Tourism, Tehran, Iran. *Department
of Physics, South Tehran Branch, Islamic Azad University, Tehran, Iran. “Physics and Applied Physics, Kennedy
College of Sciences, University of Massachusetts Lowell, Lowell, USA. SInstitute of Chemistry of Organometallic
Compounds Research Area of CNR, 56124 Pisa, Italy. *Laser and Plasma Research Institute, Shahid Beheshti
University, Tehran, Iran. “email: Fatemehrezaei@kntu.ac.ir

ScientificReports|  (2024) 14:5169 | https://doi.org/10.1038/s41598-024-55502-x nature portfolio
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Abstract

Synthetic aperture radar imagery contain valuable information that are used in most cases, in this regard reducing the
pseudo-noise effect of speckle seems to be necessary. This research aimed to assemble a hybrid structure to deal with
the aforementioned challenge based on the indirect intelligent thresholding of wavelet decomposition coefficients named
intelligent wavelet coefficient thresholding. In order to automatically determine the threshold limit, a hybrid model was used.
in which the wavelet transform coefficients were searched using the combination of meta-heuristic optimization methods of
genetic and particle swarm optimization. Unlike previous researches, which mainly used the cost function based on the least
square error and the signal-to-noise level. in this research. the cost function of the total variation was used. The proposed
algorithm was applied to both single-look images and multi-look images. Compared to adaptive spatial filters and statistical
thresholding of wavelet coefficients, the proposed algorithm of analytical indices of speckle reduction performance increased
the equivalent number of look and edge preservation index by 10 and 2.5 times for multi-look images and 10 and 5 percent
for single-look images. respectively. Based on the results, proposed method which suggests indirect wavelet coefficients
thresholding. performs well in speckle reduction.

Keywords Speckle - SAR - Genetic - PSO - Wavelet Transform

Introduction has developed significantly in recent decades. The simplest

approach to reduce the speckle effect is to use a spatial aver-

Synthetic Aperture Radar (SAR) remote sensing images
contain valuable quantitative and qualitative information of
the earth's surface. which doubles its value when used at
night and in cloudy and rainy weather. However, due to the
coh nature of i these i have a grainy effect
known as speckle. which makes the analysis and process-
ing of SAR images difficult. especially in object-oriented
processing (Jain & Singh, 2022; Singh et al., 2022; Wang
et al., 2022, Painam & Suchetha, 2022: Martino & Poggi,
2016: Xu et al., 2015; Argenti et al_, 2012). The use of dif-
ferent antenna looks and the incoherent sum of the obtained
images is one of the ways to reduce the speckle effect. which
simultaneously reduces the spatial resolution of the image
(Franceschetti & Lanari. 1999). For this reason, the use
of image processing methods to reduce the speckle effect

&1 Hamid Jannati
Jjannatihamid69@ gmail.com

! K. N. Toosi University of Technology: Tehran, Tehran, Iran

age filter that destroys the edges. Based on this. adaptive
spatial filters were used with the benefit of local statistical
parameters of the image. which. while reducing the effect
of speckle. also preserves the structure of the image well
(Lee, 1983). However, the dimensions of the used kernel and
the correct estimation of noise are among the limitations of
such methods.

Another group of speckle reduction methods are methods
based on non-local average, in which the kernel around a
pixel is compared with other kernels located in the entire
image and similar kernels are used simultaneously for bet-
ter speckle filtering (Parrilli et al.. 2012). In these methods,
the use of a similarity criterion in the presence of noise as
well as computational complexity, especially in large-sized
images. can be among the existing challenges. Another
group of algorithms includes methods based on the opti-
mization of the sum of variation function, in which a cost
function, consisting of the similarity of the filtered output
with the original image, as well as the measure of the sum
of variations, is minimized. Of course. in these methods,

_@_ Springer
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Numerical Approach of Cattaneo Equation with Time
Caputo-Fabrizio Fractional Derivative

Zoleikha Soori®., Azim Aminataei
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Box: 1676-53381. Tehran. Iran
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ABSTRACT. In the paper. we consider a type of Cattaneo equation with

time fractional derivative without singular kernel based on fourth-order

compact finite difference (CFD) in the space directions. In case of two di-
mensional, two alternating direction implicit (ADI) methods are proposed
to split the equation into two separate one dimensional equations. The
time fractional derivation is described in the Caputo-Fabrizio's sense with
scheme of order O{72). The solvability. unconditional stability and H1
norm convergence of the scheme are proved. Numerical results confirm

the theoretical results and the effectiveness of the proposed scheme.

Keywords: Caputo-Fabrizio fractional derivative. Compact finite difference.
Cattaneo equation, Alternating direction implicit method.

2020 Mathematics subject classification: 26A33. 65L12.

1. INTRODUCTION

In recent years, fractional calculus has played an important role in many fields
ng. etc [14. 15,

of phy
21, 28,

cs. chemistry. mechanics. electricity. signal and process
30. 31].
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Optimal path planning of spacecraft fleet to asteroid
detumbling utilizing deep neural networks and genetic algorithm ™
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K. N. Toosi University of Technology. Tehran, Iran
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Abstract

Following space discoveries. asteroids were found as rich sources of minerals and organic matter that can be exploited. In this paper.
we present a precise. fast. and robust energy-optimal soft landing with a combined GA-Collocation method for a spacecraft fleet aimed at
an irregular asteroid detumbling mission. It is assumed that the spacecraft fleet carried to the asteroid’s equilibrium points introduced as
the start locations of the mission. Here. the 433 Eros asteroid has been considered as the stony target known for its irregular elongated
shape and nearly large dimension. We modeled the gravitational potential field by polyhedron as the most accurate one for such asym-
metric objects. Hence. to decline the high burden computational of related equations in gravitational acceleration calculation. a Deep
Neural Network with seven hidden layers and a relatively large dataset covering 6000 pairs has been developed. We utilized a Genetic
Algorithm to guess systematically more optimal and reliable initial costates of some key parameters to raise the speed and accuracy of
estimation. The acceptable efficiency and accuracy in optimal path prediction of the presented approach for a fleet of spacecraft approved
throughout precise simulations. Eventually. the feasibility of the proposed approach is demonstrated through the corresponding results_
© 2023 COSPAR. Published by Elsevier B.V. All rights reserved.

Keywords: Asteroid mining: Spacecraft flect: Optimal path planning: Genetic algorithm: Decp ncural nectwork

the Earth and the use of their mineral resources or rescarch
on how the universe has been formed and its history are the

1. Introduction

Penetration into the universe and space exploration
have been the human dream since the distant past. With
the beginning of human adventures in the space age. the
effort to probe and exploit space resources has entered a
new stage. Wandering ccelestial bodies such as asteroids
have always been considered a threat and. of course. an
opportunity for human survival. Presenting solutions to
deal with collisions of near-Earth asteroids (NEAs) with

Paper onginally presented at the 73rd International Astronauucal
Congress. 1822 Scptember. Pans France. https://www. mafastro org.
* Corresponding author.
E-mail addresses: fbarzaminyvamail kntu acar (F. Barzamini), rosha-
@ kntu ac.ir (J. Roshanian), mjafaria kntu ac ar ( M. Jafari-Nadoush-

/_ All rights reserved.

new ficlds of discoveries in the modern era. In recent vears.,
the progress of human knowledge along with the successful
application of small spacecrafts in complex space missions
have opened a new window into space probing.

On the other hand. these structures are similar to com-
mon pragmatic and durable satellites that have been used
effectively in such missions. Landing of integrated Landers
on the surface of a body after separation from a mother-
ship spacecraft around the asteroid is the prospect of prob-
ing missions for small celestial bodies. In recent decades.
using spacecraft fleets with smaller dimensions and internal
communication has become more popular than applying a
large spacecraft with more costs and challenges in perform-
ing space missions (Benedetti et al.. 2019). These space
fleets are usually used to fully cover the environment.

ft flect to asteroid detum-
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