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Abstract

Localization in healthcare facilities has the potential to enhance various medical treatments. Therefore, suitable enabling communication
technology is necessary for an accurate locating system in this setting. Unfortunately, many problems with commonly used technologies
like WiF1i, Bluetooth, and RFID make them unsuitable for hospital localization. These problems include expensive implementation costs,
weak signals, inaccurate estimates, and possible interference with medical devices. This paper finds new solutions since existing technol-
ogies are becoming more expensive to adopt and maintain and are not accurate enough for use in dynamic medical settings. To achieve
precise control over the robot's movement, cutting-edge sensors and control systems are combined. The study and creation of a system
known as advancements in sensor technology and optimization of control algorithms accompany dynamic accuracy compensation. The
fundamental principle behind this paper is to obtain better operational precision by continuously adjusting the controller's settings based
on the real-time data gathered by sensors.Particle Swarm Optimization (PSO) improves the model's overall performance by fine-tuning the
hyperparameters.When it comes to life-saving equipment, this improved precision is crucial for meeting the requirement for exact
positioning in complex and ever-changing healthcare settings. The findings show that PSO makes the model much better, which gives a
solid foundation for building high-tech Healthcare localization systems. Compared to more traditional positioning techniques, the suggested
localization algorithm outperforms them in terms of localization error and location estimation.
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1. Introduction

Due to its ability to maximize resources, keep tabs on crucial operations, and make decision-making easier, localization systems are im-
portant in today's society. One practical application of these systems is tracking the interior locations of mobile devices, aircraft, vehicles,
and storage goods [1]. There are clear theoretical and practical advantages to deploying such systems in healthcare settings, and their
implementation represents a major step forward. According to a comprehensive scoping assessment, indoor positioning systems (IPSs)
play an essential role in healthcare facilities. These systems enhance hospital resource management, patient care, and efficiency. Nurses
and other frontline medical professionals may improve reaction times, workload, and healthcare delivery by precisely and quickly locating
themselves, clients, healthcare supplies, and other required resources [2-3].

Various uses in healthcare facilities demonstrate the adaptability and usefulness of localization systems. Among them are, among other
things:

Medical device tracking: keeping tabs on where and how medical equipment, such as defibrillators and portable imaging machines, is to
make sure it doesn't go lost and is always available when needed.Healthcare providers may keep tabs on where their patients are using
patient monitoring. When it comes to mental health facilities or individuals with diseases like Alzheimer's, where ensuring their safety and
preventing them from roaming is of the utmost significance, this function is indispensable [4-5].

Staff collaboration: One-way hospitals might improve their efficiency is by sharing real-time data on where their medical staff members
are. Thisenhances the facility's ability to respond to emergencies and provides high-quality patient care by facilitating the rapid formation
of teams and the more efficient distribution of staff resources [6].

Assists patients and visitors in navigating the intricate hospital layouts. Numerous end users benefit from these apps, including patients,
medical staff, and hospital managers. These include improved productivity, which streamlines healthcare shipment; better patient care,
which ensures prompt and suitable actions; greater security, which protects clients and employees; and a substantial reduction in asset
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destruction as well as mismanagement, which optimizes hospital resource use. These tangible benefits improve healthcare efficiency,
effectiveness, and patient-centeredness [7-8].

The case for using localization systems in healthcare settings is strong in light of the many benefits. Nevertheless, there are several obstacles
to overcome in creating and deploying such systems, including reducing electromagnetic interference with medical devices, attaining pin-
point accuracy, and efficiently controlling expenses [9]. Comprehensive testing and the implementation of complex technical solutions are
necessary to guarantee that these cutting-edge technology systems work in tandem with critical medical equipment without interfering with
one another [41]. Additionally, in healthcare settings, where even little variations may significantly impact patient care results, the precision
of localization systems is paramount [10]. It calls for meticulous system design and implementation to meet the complicated demands of
clinical operations, emphasizing accuracy and dependability. Here, GPS tracking is among the most popular methods for keeping tabs on
gadgets in the great outdoors. Indoor locations like hospitals, subways, mines, and hostile zones might experience certain imprecisions
with this system owing to attenuation induced by obstructions [40]. To overcome this significant obstacle, we need more reliable and
advanced methods of localization backed by trustworthy and efficient communication networks [11-12].

PSO does a good job of regulating the ratio of exploration to exploitation. In the exploration phase, particles scour the cosmos, but in the
exploitation phase, they zero in on areas with the most profit potential [13]. The effectiveness of PSO is directly proportional to the degree
to which exploration and exploitation are balanced. Given its many benefits, PSO has emerged as a strong contender for optimizing a broad
range of optimization problems and applications in the real world [39]. Two types of PSO review articles are found in the literature: those
focusing on PSO and its applications in a particular sector and those examining different versions of PSO. Despite a study of current work
on PSO, the authors failed to consider PSO in its binary form and instead focused on PSO in continuous search space. Not to mention that
the writers glossed over several crucial details, including how to use PSO for optimization issues [14].

Meanwhile, PSO can search inside a certain range and needs fewer parameters for design. But PSO is notoriously sluggish when it comes
to searching regions for particles [38]. It may get stuck in a local location and cannot change the convergence speed. Consequently, other
enhanced PSO variants have been suggested using distinct optimization strategies. Nevertheless, this study uses a smaller amount of ac-
celeration data and many unknown factors, allowing PSO to bypass the local optimum, accelerate convergence, and reduce the number of
parameters needed [15-16]. Updates to the weight and acceleration constant in the Improved PSO (Improved PSO) Algorithm slowed
convergence. It reduced the capacity to leap out of the local optimum, making it more difficult to locate the optimal solution. The study on
PSO was summarized in this publication; however, it only included binary PSO variations [37]. Recent survey work on PSO explores some
PSO versions in discrete and continuous environments. Hybrids of PSO and other popular meta-heuristic algorithms, including ACO and
gravitational search algorithm (GSA), are also absent from the text. Plus, it ignores any other possible technical uses of PSO in favour of
its employment in solar photovoltaic systems [17-18]. Table 1 concisely summarises the most up-to-date and relevant PSO survey articles
[36].

2. A complete survey

As suggested in [19], the paper addresses the unique needs of healthcare facilities for accurate localization and monitoring of critical
devices using Visible Light Communication (VLC) as a fundamental technology. The three transmission LEDs in the recommended setup
have multiple wavelengths using the existing electrical equipment. Using the PSO algorithm enhances the reliability of localization; for
instance, at a height of 1 m, the error decreases from 11.7 cm to 0.5 cm when using the suggested technique.

The authors of [20] present a localization method that integrates two hybrid algorithms: ELPSO (ensemble learning via particle swarm
optimization) and PSO-BPNN (reverse propagation neural network technique enhanced by particle swarm optimization). Additionally, the
accuracy of error reduction has been evaluated through various simulation methods. The suggested methods outperform the standard pro-
cedures in research regarding precision in localization. New localization algorithms using optimum strategies minimize the error value.
The localizing error range is about 2.7 cm, which is lower than comparable designs found in research.

Using a two-dimensional picture that includes the input signal intensity indicators for the x and y-axes, the authors of the article [21] trained
a Convolutional Neural Network (CNN) based positioning model. Researchers used an upgraded version of the particle swarm optimization
(PSO) based neuro-evolution method to build CNN's many layers and make them interactively optimized for performance. Contrasted with
other previous approaches, the testing findings reveal that the suggested optimized CNN-based approach achieves a high level of precision
(97.92% with 2.8% error) when it comes to tracking the positions of a moving user in a complicated facility requiring extensive validation.
By moving the emphasis from chemicals to particulate material (PM) in these settings, the research [22] contributes to the discipline.
Before conducting comprehensive 3D source localization research, an adapted multi-robot method was used to conduct an in-depth analysis
of circulation interactions and PM movement under fragile circulation circumstances. Two approaches utilized in these experiments were
the Whale Optimization Algorithm (WOA 3D) and Particle Swarm Optimization (PSO_3D). Blending understandings of the intricacies
of PM behaviour with empirical improvements, these findings emphasize the significance of tackling PM settling to enhance PM localiza-
tion efforts.

In [23], two niche-based particle-swarm optimization (PSO) techniques were proposed for the concurrent localization of several contami-
nants in unstable airflow fields: Niche-DPSO and RSNM-DPSO. They choose the MUST experiment as our case study because of its
intricate design and tightly packed impediments. According to the findings and the methods used, Niche-DPSO and RSNM-DPSO per-
formed similarly when pinpointing various contamination sources.

The research [24] suggests using the well-known particle swarm optimization approach for indoor localization using WiFi biometrics; to
improve performance, it suggests using a novel two-panel signature heterogeneity model to describe biometric comparability. Furthermore,
experimental verification of the localization method's effectiveness is provided. With precision in localization gains of 15.32%, 15.91%,
32.38%, and 36.64% compared to KNN, SVM, LR, and RF, respectively, the suggested localization approach surpasses traditional meth-
ods.

In [25], The study proposes a method for estimating SOH and RUL simultaneously using an enhanced Particle Swarm Optimization Ex-
treme Learning Machine (PSO-ELM). This method utilizes the PSO-ELM model to precisely estimate SOH and forecast RUL for lithium-
ion batteries by screening multivariable discharge data for processing using Pearson coefficients as health parameters. This work presents
an improved model for evaluating the SOH and RUL of batteries made from lithium-ion, which outperforms the classic machine learning
system in terms of accuracy in forecasting.

The research [26] uses novel deep-learning methods to pinpoint where oral illness is present. The most successful feature mining strategies,
such as visual and pattern-based capabilities, are used in this study. Selecting the optimal feature follows feature extraction and is accom-
plished using the BeePCNN algorithm. The last step is to sort these characteristics using Deep Learning. The computational demands of
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CNN are reduced using the creative FGPSOCNN. An additional real-time Arthi Scan Hospital data set is reviewed. Experimental results
show the innovative FGPSOCNN outperforms state-of-the-art methods.

Radiofrequency ablation (RFA) is a treatment option for liver cancers, and this research [27] looks at how well a bioinspired Particle
Swarm Optimization (PSO) method for tuning PID controllers works. A continuous-time transmission function of the ninth order was
obtained from ex vivo investigations. The simulation results were remarkable after using PSO to improve the PID settings. The bioinspired
PSO-based PID controller's roll-off effect mitigation during RFA reduced partial tumor ablation. The PSO-based PID tuning technique
advances radiofrequency excision operations by realistically improving RFA effectiveness.

To overcome these shortcomings, the research team behind the paper [28] proposes a skin cancer classification system that uses active
learning (AL) and particle swarm optimization (PSO) together. To maximize the performance of classifiers with minimal tagging costs,
the AL approach chooses which untreated cases can be most interesting for professional interpretation. Many Convolutional Neural Net-
work (CNN) models were trained using this approach on the HAM 10000 skin lesion collection. This study's results suggest that skin cancer
diagnosis using Al may be sped up by combining AL and PSO.

To improve the results of brain-computer interface (BCI) technology-assisted rehabilitation for strokes, the work [29] investigates the use
of deep-learning algorithms enhanced via Particle Swarm Optimization (PSO). The findings prove that PSO greatly improves the efficiency
of those designs, offering a solid basis for creating cutting-edge treatment programs. In addition to providing a more tailored treatment
treatment to stroke patients, it enhances the precision of visual categorization.

In [30], a strategy dubbed "flexible precision replacement" is investigated and developed in conjunction with enhanced electronic sensors
and optimized control algorithms. The modified robot demonstrates improved stability and precision in fine-grained actions, and the testing
findings reveal a decreased oscillation region in sensor information. In addition to providing theoretical backing for healthcare robots'
further growth and use, this research sets the groundwork for advances in technology in adjacent domains, suggesting that these robots will
have far-reaching potential applications in the future of medicine.

Genetic improvement and deep neural networks improve classification values and diagnosis time to streamline dermatological cancer
operations in [31]. The revolutionary hyperparameter-adjusting methodologies of Particle Swarm Optimization and Bat Method enhance
MobileNet, Xception, and Insomnia. Through the web interaction, Heroku hosted cloud solution customers can provide skin lesion photos
for Deep Neural Network (DNN) categorization as carcinoma or non-melanoma. This technological innovation makes skin cancer detection
more practical and feasible for dermatology and medical professionals.

This study seeks to improve medical imaging oral cancer detection. A unique and successful oral cancer diagnosis method uses an upgraded
deep belief network (DBN) and a convolutional neural network (CNN) [32]. PSOBER is a novel optimization approach that combines PSO
with BER. Optimize CNN and DBN design parameters using it. To demonstrate the method's relevance and stability, researchers use
Wilcoxon mean signed-rank exams and one-way ANOVA.

By including an effect of the approach and making use of the Hamming radius measurement, the Particle Swarm Optimization (PSO)
methodology is improved [33] to make the resulting feature descriptions more accurate for use in augmented reality (AR) healthcare
applications. It improves the accuracy and clarity of the information points used for analysis and remedy preparation, increasing the de-
pendability of the procedure for extracting features. Furthermore, to improve the accuracy and reliability of dental health care, the Hamming
radius metric is used to measure the consistency among numerous feature vectors extracted from dental pictures.

In their study, the authors used the Bee-Foraging Learning-based Particle Swarm Optimization (BFL-PSO) method to get the optimal key
for transferring healthcare data to the cloud, ensuring the utmost degree of security. If a healthcare company is going to put its faith in and
make use of the cloud computing platform, two things must be ensured: confidentiality and safety. In the current study, researchers provide
retrieval and disinfection procedures for creating keys from collected data and for making a multiple-purpose mechanism that considers
the disclosure ratio, extent of change, and knowledge protection ratio. The proposed method outperforms state-of-the-art security tech-
niques, according to its efficiency analysis.

To alleviate the scheduling issue the HHC staff faces, the research [35] suggests a Two-Level particle swarm optimization variation
(2LPSO) that incorporates doubt leadership and worker burden balancing. This variant would help to prevent overtime labour. By address-
ing two scenarios—patient cancellations and demands for additional patients—this research offers a strategy for effective planning within
acceptable computation durations. The computational outcomes of this research prove that our method is efficient and productive. For
enhanced customer satisfaction in response to new patient requests or cancellations, the suggested optimizing framework gets robust plan-
ning profitability by balancing staffing times to meet patient availability insights boundaries.

Table 1: Comparative Analysis of the Localization of PSO Algorithms in Different Healthcare Applications

Author

Advantages Limitations
name
. According to the results, when it comes to VLC-based locating . . . .
Candia et . . It's worth mentioning that a larger processing expense accompanies
frameworks, the PSO algorithm consistently reduces overall losses 2
al., . . the PSO algorithm's improved accuracy.
more than its competitors.
Lakshmi Particles can refine their search areas and get more precise interior It is possible to improve noise patterns and associated absorption
ctal locations with this creative learning method. screens in real time to adapt to the dynamic nature of the monitored
2 circumstances.
‘When monitoring indoor locations using the RSSI, devices must be
Danshi designed to accommodate complicated disturbance frequencies. To  Removing incorrect signals might leave the precise reference with-
Sun et effectively monitor the interior position of a moving user in com- out geographic information, like where only transmissions from
al plicated internal architecture settings using BLE beacons, research-  improper angles have been detected, and the user's subject and
? ers provide a system based on enhanced convolutional neural net- building parts were occluded.
works (CNN).
Researchers used a multi-robot system to perform comprehensive It is possible that speeds reported at the minimal recognition
Lietal., 3D source localization tests to study airflow kinematics on particu-  threshold of 0.05 m/s, the acoustic thermometer utilized in this re-
late matter movements under moderate ventilation. search, indicate even lower real values.
Zhane ct In metropolitan areas, where different forms of pollution interact, The main challenge when using active detecting robots to find con-
al g it is crucial to find several sources at once to identify and mitigate taminants is effectively detecting pollution sources inside a certain
? them quickly, protecting the health and safety of city dwellers. zone using one or more collaborating robots.
e 1ocahzat10p inaceuracy ofthe suggested el e 1s'the Ko Given the uncertainty of the alteration connection between the bio-
Zheng et  est across all distributions (median, the highest, lowest, high quar- . o .
. metric field and the external reference field, it isn't easy to achieve
al., ter, and less quarter), and there are no severe outliers.

high-accuracy localization while assigning the appropriate weights.
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It may be used for green power stations and electric transportation

Optimizing particles in a swarm requires parametric adjustment

Zhang et  due to its versatility. ELM and PSO can withstand data submission  (inertia weight, particle density). Despite its advantages, PSO's re-
al., turbulence to anticipate the SOH of batteries and RUL accurately. petitiveness may increase processing time for huge data sets or
massive systems.
Fuzzy thinking addresses healthcare data biases and anomalies to Compression and learning CNN computation may prevent it from
. aid complicated decisions. PSO and incremental algorithms mini- working in low-resource contexts. Size, variety, and the calibre of
Dharani . . . . . . . . .
ctal mize CNN redundancies and accelerate processing. The technique learning data impact system efficacy. Wrong information might
N may improve oral cancer survival via early diagnosis and treat- hurt outcomes. Big files and sophisticated models take time. How-
ment. ever, repeating PSO and genetic algorithms improves productivity.
PSO could arrive too quickly to local optimal values, producing
PSO quickly finds PID settings for physical actuator modification. PID controller tuning issues. Technical expertise, programs, and
Faria et Operators may avoid lengthy manual modifications using PSO's hardware upgrades must incorporate the updated PID controller
al., automated tuning. The method is valuable for numerous biological ~ with RF sterilization machines. PSO-tuned PID controllers reflect
uses and can improve healthcare technology and procedures. patient-specific hepatocyte electrophysiological and thermal quali-
ties.
Its adaptability to skin disorder subtypes and imagery benefits itin ~ PSO and Iterative training might slow the processing of massive
Mandal various scenarios. Expanding the approach identifies tumours and data sets or CNN setups. Fine-tuning PSO parameters affects re-
etal., abnormalities. Continuous learning reduces adjusting in tiny col- sults in unoptimized throughput. Substantial instructional classifi-
lections by selecting the more significant occurrences. cation demands subject expertise, which is costly and laborious.
PSO with deep learning needs EEG and sensors for stroke rehabili-
During recuperation, patients and physicians may get real-time in- tation. Systems may be complicated by merging. Complex algo-
Ayman put and ideas from strengthened deep computing models. The tech-  rithms with vast feature spaces can make it harder to optimize PSO
etal., nology adapts to patient progress for ongoing learning. Smart tech-  due to redundancy. Many with different health histories, therapeu-
nologies and interactive advice may keep patients. tic requirements, and other characteristics might vary from limited
data algorithms.
o dev1‘ce 1S oW more dependable Gl O, lowerlng‘ i ¢ i Owing to the multitude of life situations, optimization methods
ger of failure during essential treatment. Enhanced materials allow . . . .
Wang et . . . . may be inaccurate due to theoretical expectations. The necessity for
the device to diagnose and perform less intrusive surgery. The re- o . ; .
al., . . . AT sophisticated factories to adopt fresh designs may raise supply so-
search uses advanced mathematical techniques like optimization histication and cost
software and FEA to develop better based on research. p ’
Biologicallyinspired adaptation helps DNNs accommodate incom-
plete or noisy diagnostic imaging data. Optimizing from the net- Optimized models may overfit training data for limited or undiver-
Mundada  work's architecture reduces computation redundant work, speeding  sified datasets, limiting their performance for fresh samples. Bio-
etal., development and forecast. Expandable expands healthcare diagno-  inspired algorithms for large-scale DNN systems are iterative;
sis programs to accommodate increasingly complex systems and therefore, tuning them may take time.
input.
Th1§ iploldl gz n e eVﬁllJ.? te lma.ges.and ellinez ] gz, mgk- Designing and comprehending two meta-heuristics is harder than
. ing it adaptable for numerous diagnostic circumstances. The miss- . R . .
Myriam . . . . . standalone algorithms. A broad, diversified, and exceptional train-
ing and noisy data strategy works consistently in real life. Meta- . .
etal., . . . ; . ing dataset boosts model performance. Lack of variety or data from
heuristics optimizes machine learning model parameters without . .
. . real life may overfit the algorithm.
human intervention.
. . . s
AR simulations are customized for each patient! s_oral anatomy and AR st s S5 de il meng sl e, el
Taher et treatment. PSO improves dental anatomy modelling for complex L . L .
. ; . . . . . . and changes may be required in dentists and medicine. Highly
al., surgical planning and instructional simulations. Highly effective computational methods of PSO ontimization may delay nopularit
augmented reality helps dentists practice and develop. P P y Yy pop ¥
Resource minimization and computation reduction improve secu- Integrating the system with healthcare data centres requires tech-
Irshad et ) . A . . X . ;
al rity. Big healthcare cloud systems may utilize it to handle many nical expertise. Processing expenses may hinder its efficacy for
? users and complicated datasets. high-traffic internet networks and immediate assurance.
The method manages last-minute staff absences and patient de- Efficiency may ignore patient-physician and societal norms. Re-
Zarrouk mands for seamless care. It reduces travel, fits individual needs, mote medical providers may schedule and travel large distances to
etal., and regulates exertion. This method may address emergencies, on-  test the method. Optimized samples or variables may render the al-

going assistance, and other medical needs.

gorithm unsuitable for surprises.

The growing complexity of several optimization issues necessitates more investigation into the investigation and enhancement of various
optimization algorithms. The PSO method is a powerful resource for tackling many optimization problems. While learning the global
optimum is the primary goal of the update approach for the basic PSO, it consistently converges too quickly. It performs poorly on various
complicated optimization tasks, especially when it comes to multimodal issues. Classical PSO's learning process is straightforward and
quick to implement, but it's vulnerable to problems like "oscillation" and the "two steps forward, one step back" phenomenon. To circum-
vent these two issues and generally boost search performance, PSO researchers have developed new effective learning algorithms. One
sub-swarm relied on the comprehensive learning method to manage the particles' global search.

The healthcare, environmental, industrial, commercial, smart city and general sectors of PSO applications are organized in a thorough
taxonomy. To facilitate the efficient and successful implementation of PSO in future real-world applications, it is important to identify the
challenges each kind of PSO application will likely encounter. This leads us to propose PSO applications in a specific context by reviewing
research on key aspects of these difficulties. Environmental PSO applications encompass a wide range of topics, including economic
emission dispatch, PhotoVoltaics (PV) parameter identification, pollution forecasting, plant segmentation and classification, water quality
monitoring, flood control and routing, and many more. Therefore, this work offers a taxonomy based on various PSO applications in
specific research studies that deal with and explore unique subjunctives. Taking into account the issues and difficulties inherent in different
kinds of PSO applications, started by classifying PSO applications into several types and then detailing the primary topics that received
extra emphasis in each kind. Since most PSO applications share commonalities, the taxonomy included a new category for research that
addressed broad issues: "general aspects." This category included studies that offered solutions to specific problems in PSO applications.
So, every kind of PSO application may benefit from introducing a new conceptual approach based on research deemed to have general
elements.
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3. Conclusion

Although PSO is useful in a variety of contexts, there are still obstacles that need to be overcome, and new avenues of investigation should
be considered. Researchers' interest in PSO has grown in recent years and has been used in various fields. Yet, important concerns and
challenges persist. Consequently, academics and researchers must put in more time and energy to solve the issues that might prevent PSO
from being widely used. In addition, new PSO methods should be developed by pursuing more effective strategies and ideas. According
to the results, a consistently decreased average of mistakes shows that the PSO algorithm performs better with localization techniques in
healthcare environments. It should be mentioned that a larger computational cost accompanies the PSO algorithm's improved accuracy.
Thus, it is essential to carefully weigh the trade-offs between accuracy and processing efficiency when designing actual applications.
Improving the PSO algorithm's computing efficiency without sacrificing its accuracy for real-time placement is one possible subject for
future research. Suggesting and verifying ways to enhance the PSO algorithm is also important so that it may be used in 3D settings. This
next technique will investigate optimal configurations of the PSO algorithm, including cognitive factors, inertia, particle quantity, and
iterations, to find links between the findings' accuracy and the various configurations. Further, in the case under consideration, it is para-
mount to evaluate potential for exploring other configurations to improve the algorithm's initialization parameters, namely the distribution
and quantity of particles. Over the last 20 years, the Particle Swarm paradigm has seen revolutionary changes and remarkable achievements.
The search process was difficult because of the following factors: numerous local optima, the search space's arbitrary nature, the difficulty
of applying traditional mathematical abstractions to a diverse set of objective functions, and the lack of a priori guarantees regarding the
discovery of any optima. Unlike their deterministic counterparts, particle swarm optimizers have proven effective in various objective
functions, including continuous and discontinuous ones, tractable and intractable ones, and even those where initialization makes solution
quality sensitive. There are a number of important issues that the PSO industry should focus on more. This system employs white lights of
several wavelengths; future research should compare its advantages to those of single-wavelength systems. This research will take into
account the following factors: performance, accuracy, computational complexity, costs, and necessary hardware. Finally, further research
will focus on the optical filters that are required by the system. Complete experimental verification and analysis of the PSO system requires
this as a crucial step. Ensemble optimizers are promising, but they don't fix the underlying issues with the basic PSO. For future applica-
tions, researchers should concentrate on theoretical difficulties such as the particle explosion problem, loss of particle variety, and stagna-
tion at local optima in order to establish a unified algorithmic framework with better self-adaptation and fewer user-specified customiza-
tions.
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