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Review on Various Fault Detection Methods in Power Transformers
with Emphasis on Frequency Response Analysis (FRA) Method
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Abstract
The transformer is one of the most expensive components in electrical power systems, where maintenance of
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both electrical and mechanical integrity plays a vital role in ensuring system reliability and reducing costs as-
sociated with service interruptions. So far, various methods have been proposed for transformer condition assess-
ment, among which the most significant are dissolved gas analysis (DGA), vibro-acoustic (VA) method, infrared
thermography (IRT) method and frequency response analysis (FRA). In this review paper, different methods for
transformer fault detection are investigated, with a particular emphasis on the FRA technique. Among the various
condition monitoring techniques, frequency response analysis (FRA) is recognized as one of the most accurate and
sensitive methods for evaluating the electrical and mechanical condition of transformers. Therefore, the main ob-
jective of this paper is to provide a comprehensive perspective on the FRA technique and clarify different aspects of
this diagnostic approach. Finally, various methods for the interpretation of FRA results to identify the type, severity
and location of fault are discussed and the challenges in this field are highlighted.

Keyword:Transformer condition monitoring, Dissolved Gas Analysis (DGA), Frequency Response Analysis

(FRA), Transformer modeling, Artificial Intelligence (Al)
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10 Offline

11 Online

12 Piezoelectric

13 non-stationary

14 Time-frequency ratio of mixtures blind source separation
15 Independent component analysis
16 Regions of interest

17 Axial displacement

18 Radial deformation

19 Disc space variation

20 Bending

21 Tilting

22 Twisting

23 Spiraling

24 Fingerprint

25 Lumped

26 Distributed

27 multi-conductor transmission line
28 Driving point impedance

29 Overfitting

30 Decision tree

31 K-nearest neighbors

32 Gradient boosting classifiers

33 Digital image processing
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1 Dissolved gas analysis

2 Infrared thermography

3 Vibro-acoustic

4 Polarization and depolarization current
5 Frequency response analysis

6 Parts per million

7 Gas chromatography

8 Photo-acoustic spectroscopy

9 Stacked autoencoders
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T3FL-GWO: Type-3 Fuzzy Logic-Based on Gray Wolf Optimization

Algorithm Used to Extend the Lifetime of Wireless Sensor Network
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Abstract

Extending network lifetime due to the energy constraints of sensor nodes is one of the main challenges
in wireless sensor networks (WSNs). Clustering is considered an efficient method to enhance network
longevity. Although clustering in WSNs offers numerous advantages, it faces two major challenges.
The first challenge lies in selecting the cluster head (CH), which is a complex problem and is recog-
nized as an NP-hard issue. Additionally, finding the optimal cluster configuration is also challenging.
In the upper layers of WSNs, several uncertainties exist, including the residual energy of nodes, cluster
centrality, and the distance from the cluster to the base station (BS). To address these uncertainties and
improve the lifetime of WSNSs in the cluster head selection process, a combination of Type-3 Fuzzy
Logic (T3FL) and the Grey Wolf Optimizer (GWQO) algorithm has been employed. Type-3 Fuzzy Logic
is capable of better managing the uncertainties and complexities in WSNs, enabling more accurate clus-
ter head selection. The Grey Wolf Optimizer, as an efficient metaheuristic algorithm, assists in finding
optimal solutions for complex optimization problems. The performance of the proposed T3FL-GWO
algorithm has been compared with our previous method as well as other fuzzy-based algorithms. Simu-
lation results demonstrate that this algorithm outperforms other existing approaches. These findings
indicate that the integration of Type-3 Fuzzy Logic and the Grey Wolf Optimizer can effectively reduce

energy consumption and enhance the overall network lifetime.

Keywords: wireless sensor network, clustering, uncertainty, type-3 fuzzy system, gray wolf optimizer
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Abstract

Parkinson's disease is known as a progressive neurodegenerative disease. Different areas of the human
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brain are damaged by this disease and there is still no definitive cure for it. Older people suffer more
from this disease and statistics show that the number of people affected is increasing. Early diagnosis
and assessment of the presence or severity of Parkinson's disease are very important in controlling the
progression of the disease. Nowadays, real-time and non-invasive methods based on audio signal analy-
sis, using machine learning methods, have received attention. Machine learning methods are usually
characterized by a transparent pipeline that makes the results highly interpretable. In particular, acoustic
features are used in many machine learning methods and can also act as indicators of the general condi-
tion of people's voices. The aim of this review is to identify the most applicable and promising machine
learning methods in the diagnosis of the disease. This paper reviews the evaluation to identify the most
commonly used and effective features in early detection of Parkinson's disease, as well as algorithms,

free datasets, and practical toolkits in this field.

Keywords: speech processing, speech analysis, feature extraction, machine learning, Parkinson's disease.
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Comparative Study and Review of Methods and Tools for Co-Simulation
of Power Systems and Communication Networks in Smart Grids
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Abstract

With the expansion of smart power grids, the need for integrated analysis and design between power
systems and communication infrastructures has become increasingly important. Co-simulation, as
an effective approach for studying the behavior of cyber—physical power networks, enables detailed
examination of the interactions between power and ICT systems. In this paper, through a compara-
tive approach, the concepts, requirements, synchronization methods, and key tools of co-simulation
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are reviewed and analyzed. A comparison of prominent frameworks such as HELICS, Mosaik, FNCS,
and INSPIRE indicates that the fundamental differences between continuous models in the power do-
main and event-driven models in the communication domain play a decisive role in the accuracy and
efficiency of results. Moreover, application examples at the digital substation level highlight the impor-
tance of communication delays and packet losses in protective performance. Finally, recommendations
are provided for localization of tools, development of real-time interfaces, and automation of model
construction based on [EC 61850 standard files. The results of this study fill the gap in domestic research,
pave the way for developing co-simulation platforms in Iran’s power industry, and contribute to enhanc-
ing the resilience, efficiency, and security of smart grids.levels.

Keywords: Co-simulation, Smart power grid, Cyber—physical systems, Time synchronization, ICT in the power

industry
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Abstract

In recent years, event-triggered control (ETC) has been widely adopted due to its advantage of reducing
sample and controller design costs compared to conventional excitation-time-based control. Recently,
the application of machine learning methods, especially reinforcement learning (RL) and deep reinforce-
ment learning (DRL), for controlling various systems has attracted significant attention. The purpose of
this study is to review past research in the field of ETC systems based on RL and DRL. DRL can solve
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optimal control problems for nonlinear systems that are difficult to address with traditional methods.
In this study, an overview of the research conducted in the field of ETC systems is presented. Then,
the methods used in RL and DRL for controlling different systems, with a focus on ETC systems, are
examined. Finally, based on the previous works, suggestions are made to improve the performance of

such controllers.

Keywords: Event-triggered control, Reinforcement learning, Deep learning, Deep reinforcement learning.
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In response to the challenges for design of 5G and beyond, new technologies for wireless networks
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have been proposed, including heterogeneous networks (HetNets) and non-orthogonal multiple access
(NOMA) to enhance spectral efficiency. In this paper, the performance of spectral efficiency in ran-
dom NOMA-enabled heterogeneous networks is analyzed. A K-tier multi-cell heterogeneous networks
is considered, where the two-user NOMA technique is applied in all tiers. The base stations and users
are equipped with a single-antenna. The locations of base stations and users are randomly distributed
regarding homogeneous Poisson point processes (HPPPs). Stochastic geometry approaches are exploited
to characterize the ergodic rate. The effects of HetNets and NOMA technologies are investigated using
numerical results. The results reveal that applying NOMA to a HetNet improves the spectrum efficiency
performance. Furthermore, considering NOMA technology in all tiers of the heterogeneous networks

significantly improves the ergodic rate.

Keywords: Non-orthogonal multiple access (NOMA), Heterogeneous networks (HetNets), Ergodic rate,

Stochastic geometry.
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1 Heterogeneous network

2 Base Station

3 Small cell

4 Throughput

5 Non-orthogonal multiple access

6 Superposition Coding

7 Successive Interference Cancelation

8 Massive Multiple Input Multiple Output

9 Peer effects

10 Exploration

11 Strict

12 Repulsive Point Processes

13 Dirty Paper Coding

14 Resource scheduling optimization problem
15 Orthogonal multiple access

16 Homogeneous Poisson Point Processes
17 channel state information

18 Outage probability

19 Additive white Gaussian noise

20 Circularly Symmetric Complex Gaussian
21 typical user

22 Biased-Received-Power

23 Probability Density Function

24 Gauss hypergeometric function

25 Complete Cumulative Distribution Function
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