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Preface
Computer Vision is the field of studying and developing technology that enables computers to pro-
cess, analyze, and interpret digital images. Today, Computer Vision applications can be found in sev-
eral industries, such as industrial robots, medical imaging, and surveillance. On the other hand, soft 
computing is being used to reduce the limitations caused by problems in data analytics. Moreover, 
soft computing is emerging as an innovative technological approach with the ability to allow a broad 
range of applications which can transform human lives in excellent ways.

The diverse perspectives of soft computing involve numerous aspects of interpretable artificial 
intelligence. Interpretable artificial intelligence incorporates theories, concepts, and techniques of 
science, internet technology, computer technology, neuroscience, and so on in a highly multidisci-
plinary way. It also offers a high computational dynamism. In view of the importance of an inter-
pretable artificial intelligence as an emerging trend and technological approach to be followed in 
multidisciplinary research areas, we are pleased to present a book titled Applied Computer Vision 
and Soft Computing with Interpretable AI.

Researchers and practitioners have contributed to this book by means of chapters that illustrate 
research results, projects, surveying works, and industrial experiences that describe significant 
advances in the areas of computer vision, soft computing, and interpretable artificial intelligence. 
This book is organized in 20 chapters.

It is intended to be a major reference tool for scientists and engineers interested in applying new 
computational and mathematical concepts to design applications based on interpretable AI. We con-
sider that this book can also be used to obtain novel ideas for new lines of research, or to continue 
the lines of research proposed by the authors here. We compliment the contributors for writing their 
comprehensive chapters which not only introduce the several concepts of interpretable AI in a broad 
context but also help us in understanding the complex applications of it.

We thank all the people who have helped or encouraged us during the production of this book. 
We would like to thank our colleagues working in Soft Computing and Computer Vision who are 
too many to mention individually by name. Of course, we need to thank our supporting agencies for 
their help during this project and thank our institutions for always supporting our work. Finally, we 
thank our families for their continuous support during the time that we have spent on this project.

Swati V. Shinde
Pune, Maharashtra, India

Darshan V. Medhane
Nashik, Maharashtra, India

Oscar Castillo
Tijuana, Mexico
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1.1  INTRODUCTION

Artificial intelligence (AI) is a comprehensive branch of computer science which is concerned with 
the automation and performing of processes that simulate the human brain. AI has transfigured the 
entire healthcare industry. The significant development of computational power and infrastructure, 
big data, and various machine learning (ML) and deep learning algorithms has resuscitated interest 
in AI technology and accelerated its incorporation in various sectors [1]. Surveys conducted sug-
gest that the market size of AI in healthcare was globally valued at USD 10.4 billion in 2021 and is 
expected to scale up at a compound annual growth rate of 38.4% from 2022 to 2030. According to 
All The Research, this market value is expected to rise to USD 36.25 billion by the year 2026. In 
India too there has been an increasing involvement towards research to explore the potential applica-
tions of AI in healthcare. Investment in AI research is expected to rise to USD 11.78 billion by 2025 

http://dx.doi.org/10.1201/9781003359456-1
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and to generate an additional USD 1 trillion by 2023, thereby boosting India’s economy. AI and 
ML have begun to attract attention due to their success in being able to accurately predict diseases 
in their nascent stage based on historical health datasets. AI and automation in health care using AI 
have developed rapidly, particularly for early discovery and problem- solving applications [2].

Though the COVID- 19 pandemic has caused extensive social and economic disruption, it has dis-
interred the potential of AI technologies and positively influenced the demand for it. Appen’s State 
of AI 2020 Report has shown that 41% of companies accelerated their AI strategies and use during 
COVID- 19 [3]. As per the study conducted by the National Center for Biotechnology Information 
in 2020, AI- based algorithms have been able to accurately detect 68% of COVID- 19 positive cases 
in a dataset of patients who had been diagnosed as negative cases by professionals [4].

For fatal diseases such as cancer, heart related diseases, and diabetes, as well as computed tomog-
raphy, AI can be utilized to find accurate and effective innovations which will result in enhanced 
cures of patients who are going through adversity with these diseases. It can also search for pos-
sible remedies for such problems. The old methodologies of analysis and deducing critical clinical 
diagnostics have been superseded by switching to AI technology. Algorithms in AI help to manifest 
systems which are precise enough by gradually learning from data. This proves fruitful as unknown 
patterns can be recognized which help to produce a variety of treatments and accurate diagnostic 
results. Implementation of AI/ML technologies in enhancing patient care, reducing machine run-
time, and minimizing care expenses have given an impetus to the growth of AI in the healthcare 
industry. When it comes to this industry, especially in the matter of life and death, the promise of AI 
to improve health outcomes is interesting and fascinating. As noted by the global tech market advi-
sory firm ABI Research, the AI market in the healthcare and pharmaceutical industries is expected 
to increase from USD 463 million in 2019 to more than USD 2 billion over the following five years 
[5]. AI is developing drastically in the healthcare sector and its uses are becoming a reality in many 
medical fields and specialties (Figure 1.1).

Though there has been commendable progress in the field of AI research, a plethora of lacunas 
still exist when it comes to actually implementing this technology in healthcare. Some of the factors 
include lack of awareness, lack of trust in technology, lack of infrastructure, and lack of medical 

FIGURE 1.1 Research papers published on healthcare in the AI literature. The comparison has been made 
based on the number of different papers available on the PubMed database.
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professionals who are comfortable with technology. This chapter analyzes recent inventions in the 
domain of AI in healthcare and is aimed at understanding its potential and the risks involved in try-
ing to find solutions to the challenges.

1.2  MOTIVATION

A perfect alliance of increased computer processing speed, a large AI talent pool, and larger data 
collection libraries has enabled the expeditious development of AI tools and technology within the 
healthcare sector. AI can use futuristic advanced algorithms to learn features from a large volume of 
healthcare data, and then utilize the obtained insights to be of service to clinical practice. Also, it can 
be equipped with learning and self- correcting abilities to improve its accuracy based on feedback. 
An AI system is capable of assisting physicians by providing up- to- date medical information from 
journals, textbooks, and clinical practices to inform about proper patient care. Additionally, an AI 
system can help to reduce diagnostic and therapeutic errors that are inevitable in human clinical 
practice. Furthermore, an AI system brings out useful information from a large patient population to 
assist in making real- time inferences for health risk alerts and health outcome prediction.

1.3  LITERATURE REVIEW

Recently, a lot of progress has been made in the field of AI, especially in the healthcare sector, to 
the point where there have been debates going on as to whether AI will replace medical physicians 
in the future. AI has great potential in any field owing to its ability to adapt and learn from past 
mistakes, improvise, and its ability to predict the future when complemented with features like the 
ability to work in hazardous conditions, perform redundant tasks without fatigue, and all with preci-
sion. Currently, the USA is the leading country using AI in healthcare, followed by China and India. 
In this section, we survey the current AI technologies being used in healthcare or which have the 
potential for being incorporated in it.

In [6], the authors review the use of AI in healthcare and discuss two major AI categories – ML 
and natural language processing (NLP) – for performing various healthcare related operations, fol-
lowed by a survey of applications of AI in stroke care. ML can be used for finding patterns between 
data and analyzing medical images and other structured data like genetic and electrophysiological 
(EP) data. NLP can be used for understanding unstructured data primarily in the form of notes 
and prescriptions to extract information from texts and convert it into a format that can be used 
by machines ultimately performing ML techniques to gain insights to predict results. For ML, the 
authors discuss its two major categories: supervised leaning models that include those like support 
vector machine (SVMs), neural networks (NNs), logistic regression, decision trees, and random 
forest; and unsupervised learning that works on methods like clustering and principal component 
analysis (PCA).

In [7], the authors discuss the application of Explainable AI (XAI) methods for elaborating the 
rationale behind the techniques of AI and the predictions made by it for people, characterized by its 
increased transparency of processes, liability to stakeholders, result tracing, and overall assistance in 
improving the performance of models. Nowadays, various AI models exist that are self- explainable 
and perform predictions quite well, but the challenge with such models is that they put a limit on the 
models that could be explored and could have otherwise provided better results if not for the lack 
of explainability of those models. This emphasizes the need for methods like XAI that can explain 
any AI model. Based on predictions made by a particular AI model, XAI can be used to explain the 
results and compare them using a clinician’s logic. In the case of contradiction, errors can be traced 
and used for improving the AI model.

In [8], the authors discuss the applications of deep learning in the fields of bioinformatics, 
medical sensing, imaging, and so on. Unlike traditional NNs, deep learning uses many hidden 
neurons, which account for its higher quality of abstraction of raw data that helps to perform 
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better operations especially in the field of healthcare by generating features that are usually 
difficult to elucidate, such as determining DNA or RNA nucleotide sequences and identifying 
irregularities in cells and tissues. Further, the authors conduct a comparative study of various 
deep learning architectures along with their pros and cons and discuss the applications of the 
architecture in healthcare. Though deep learning extensively helps to overcome various complex 
issues in healthcare, it has some challenges, such as the extensive requirement of data, is highly 
time- consuming, and can be complex due to its requirement of the optimal estimation of param-
eters, amongst other things.

In [9], the authors discuss AI in the field of healthcare. They have a particular focus on the health-
care system in India. They discuss the usefulness of AI in helping during the COVID- 19 pandemic, 
which proved to be very useful for contact tracing. It easily assisted in screening the symptoms to 
identify whether a person was COVID positive or negative. In India there are various healthcare 
systems. But there is a lack of technology used to enhance the growth of medical treatment. There 
is a need for proper and accurate data to train AI systems so that they can easily carry out the tasks 
which are critical for normal human doctors and other medical staff. The government should formu-
late policies which will be useful for collecting information from patients and the population and to 
use it to develop a better medical system.

1.4  TECHNOLOGY IN HEALTHCARE

Many industries have been advanced and made efficient using AI, especially healthcare. A previ-
ously only imagined industry has now become a truth of everyday life. It is being used by mankind 
in all possible ways to make life easier. The IT industry is radically evolving and standing out 
because of AI. The essential division portraying the focus of AI consists in processing detailed facts 
for managing health systems, automated health records, and the active direction of doctors in their 
health verdicts [10]. The emerging benefit of AI systems provides a facility to support health pro-
fessionals, mainly in diagnosis, and which has received mainstream consideration from a research 
perspective. In the coming years, AI will detect numerous other advanced ailments when it is reor-
ganized with more skill and furnished with more comprehensive facts.

Advancements in healthcare have clear advantages, such as enabling patients to improve their 
choices and results, and also possible subordinate advantages, such as fewer referrals, cost reduc-
tion, and time saving. These could also allow remote data access and endorse employment and 
maintenance in rural areas [11], in order that this provides a more unbiased scheme of worldwide 
healthcare in poor- resource situations in high and low- income nations. Some of the technologies of 
AI that are progressively changing the healthcare industry are mentioned below.

1.4.1  AccurAte cAncer DiAgnosis

There are AI libraries which are helpful for pathologists. They can precisely diagnose their patients 
using such tools. The AI library which is useful for them is PathAI. During the diagnosis of a disease 
like cancer errors are not tolerable; AI helps to overcome such errors and it also provides techniques 
which can be used in treatment. As a result of advancements taking place in the field of AI, cancer 
can be detected at an early stage; before the disease becomes established, it can be traced and cured, 
saving precious life.

1.4.2  PremAture Detection of LethAL BLooD DiseAses

Use of AI to diagnose blood- related diseases which are lethal is of utmost importance, as when done 
at an early stage enables a timely cure. Staphylococcus and other bacteria like E. coli in the blood 
can be easily scanned at a rate which is comparatively faster than manual scanning. This is possible 
with the use of microscopes which are AI- enhanced [12]. To train the AI to scan and find the harmful 
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bacteria, images of over 25,000 blood samples were used. This helped the model to detect bacteria 
that were harmful to humans [12]. Machines augmented with the power of AI enabled the identifi-
cation of the bacteria in samples of blood and, when new samples were provided, the existence of 
such bacteria was accurately predicted. The accuracy was 95% which helped to reduce the rate of 
fatality on a large scale.

1.4.3  customer service chAtBots

Chatbots are made by using computer technologies like NLP. These chatbots permit patients to raise 
their doubts regarding appointments, services, payments, etc. Chatbots can help patients with their 
ailments, medications, and recognize symptoms. This is achievable by the communicating power of 
chatbots which in turn helps to lower the burden on healthcare professionals.

Chatbots assist in providing solutions of some basic problems, thus allowing healthcare experts 
to focus on other tasks which are crucial. This use of AI in healthcare is attractive to patients and 
enables improved cures and treatment, resulting in better outcomes.

1.4.4  treAtment of oDD DiseAses

BERG is an AI- based platform founded on biotechnology that works on portraying diseases to 
increase the pace of developing and producing innovative and advanced vaccines as well as medi-
cines, thus showing a new way forward for healthcare. Interrogative biology and research and devel-
opment (R&D) are used to enable professionals to innovate and produce robust medical treatments 
for patients who suffer from rare diseases.

BERG has delivered findings for the therapy of Parkinson’s disease [12]. This disease causes 
disorders in the human brain, giving symptoms like stiffness, vibration, and difficulty in perform-
ing easy actions like being steady, walking, or making coordinated movements. The ailments of 
Parkinson’s disease gradually worsen as time passes by. BERG makes use of AI to establish the 
linkage between a human’s body chemicals that were earlier unknown. As a result, the usage of AI 
is proving to be tremendously helpful in the medical industry and will continue to be so in the com-
ing period.

1.4.5  AutomAtion of rePetitive JoBs

An important role of AI is to automate the performance of repetitive and time- consuming functions 
in medical and affiliated work. As a result, medical professionals and other workers can utilize the 
time saved to carry out emergency tasks. An example of this is “Olive”. This is a platform based on 
AI. It mechanizes the process of checking whether judicially unsettled medical claims are eligible; 
it also conveys the medical data to the respective professionals, etc. Olive can easily incorporate the 
tools and other necessary software existing in the hospital. Thus, it eliminates the downtime required 
for integrating a new AI tool.

1.4.6  hAnDLing AnD suPervision of meDicAL recorDs

As the first step in healthcare is to manage, analyze, and compile large amounts of data, such as 
medical records, data management is the most widely used application of AI and digital automa-
tion. Important and costly data may not be visible in a heap of data, but rather be like needles in a 
haystack. This could lead to huge losses, in billions of dollars, within a year for an industry [12]. 
Also, if significant data analysis is not done then this can result in the decline of growth in finding 
new medications and drugs.

Thus, medical firms turn to AI to resist the loss of significant information. AI increases the pace 
of connecting significant data and extracting useful knowledge which traditionally took many years.
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1.4.7  DeveLoPment of new meDicines

As the healthcare industry advances with technology, the development of new medicines is not far 
away. Seeking cures and finding drugs are time- consuming and exhaust monitory assets, as trials go 
on for long periods. The distinct advantage of AI technology is that it helps medical experts to scan 
previous drugs and utilize them to design a remedy which will be effective against a specific illness. 
This is how drugs are developed at cheaper cost.

1.4.8  roBot-AssisteD surgery

The automation world has been growing rapidly, as has robot- assisted surgery which is gaining 
admiration nowadays. Various hospitals use robotics which help them and aid them to accom-
plish tasks which are precision oriented and need monitoring as well as having quick adaptability 
[13]. This is linked with minimally infectious surgical procedures performed through tiny slits. It 
is utilized to accomplish medical support like open- heart surgery and tasks that humans cannot 
accomplish with precision. Mechanical arms, surgical equipment, high- definition video and image 
capturing cameras, and so on, when integrated into a robot, make it possible to precisely diagnose 
and cure, resulting in enhanced and efficient surgery.

Operations which are carried out in an environment where AI robots are helping break down 
complexity and enable tasks to be performed smoothly and increase the recovery rate.

1.4.9  AutomAtion of meDicAL imAge DiAgnoses

Applications based on AI make it easy to decode pictures resulting in enhanced analysis. Deep Learning 
technologies and functionalities are used by AI. This can enhance the speed and accuracy of scanning 
images obtained from sources like CT scans as well as MRIs. Automated diagnostics of images results in 
the enhanced accomplishment of tasks by doctors which in turn improves disease recognition in a patient. 
This tool has proven to be essential to carry on the work of radiologists and similar critical medical task 
requirements. AI growth in recent years in the field of image processing has been elevated (Table 1.1).

TABLE 1.1
Comparative Study of AI Applications in Healthcare Along with the Technology Used

Healthcare Applications Technology

Obesity management NLP, chatbot, SVMs, neuro- fuzzy model, artificial neural network (ANN)

Cardiac arrhythmia Supervised ML, convolutional neural network (CNN), ANN

Renal disease CNN, ANN, Random Forest (RF), multivariate logistic regression

Diabetes Hierarchical recurrent neural network (HRNN), ANN, SVM, evolutionary 
algorithms

Chemotherapy Reinforcement learning, supervised ML

Thyroid diseases SVM, CNN, Koios DS

General surgery ML, robotics

Prediction of ovarian cancer Neural networks, supervised ML, Deep Convolutional Neural Network 
(DCNNs)

In vitro fertilization (IVF) Multilayer perceptron (MLP), CNN, SVM, Bayesian networks (BNS)

Prediction of male infertility AutoML Vision, SVM, MLP

Retinopathy RetmarkerDR, IDx- DR, Eye Nuk

Alzheimer diagnosis RestNet18, CapsNets, deep neural networks (DNNs)

Identification of genetic patterns and disorders DeepVariant, domain adaptive neural networks (DANNs), SpliceAI

Mental health NLP, DL, supervised ML

Drug discovery and design Machine learning
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1.5  CHALLENGES AND SOLUTIONS

Despite the extensive research and progress, the implementation of AI to solve real world problems 
is often difficult. It often poses ethical issues that need to be addressed [14]. Though these chal-
lenges should not be considered as a reason to totally discard AI technologies [15]. Rather, there is 
a need to understand the risks and challenges involved in the incorporation of AI in healthcare and 
to try to bridge the gap existing there (Figure 1.2).

1.5.1  Ai BiAs

AI algorithms require a large amount of data during training. This data basically determines how 
the model will perform on unseen data. Hence, the data provided should be representative of the 
target population and should not be biased in that they must represent all classes equally, which 
for example has been demonstrated in an algorithm for auditory tests for neurological diseases by 
Winterlight Labs, a Canadian Company [27]. This registered the way a person spoke and analyzed 
the data to determine the early stage of Alzheimer’s disease. The majority of the data collected 

FIGURE 1.2 Different challenges currently faced by AI.
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corresponded to native English speakers. The accuracy obtained was greater than 90%; however, 
the test produced inaccurate results for non- native English. The pauses and mispronunciations were 
identified as symptoms of the disease. Although the notion of bias is complex, humans too have 
prejudiced thinking. This necessitates the design of ethical AI systems that help to identify human 
biases and lead to outcomes that are fair and free from any kind of discrimination.

Some ways in which it is possible to reduce AI bias are:

 1. Narrowing the problem definition: This can reduce the number of labels required in the 
dataset since information that is too general would make it difficult to develop a clear 
framework for examining the research problem.

 2. Improve diversity: This is necessary to ensure that the data represents the maximal diver-
sity of the population in order to include any minority groups that might be left out due to 
social discrimination such as poor access to healthcare facilities.

 3. Understand the end users: This is necessary in order to acknowledge the fact that people 
come from different backgrounds and hence have different experiences. It is important to 
anticipate how different people would interact with the technology.

1.5.2  PersonAL security

Data concerning the health of a patient is sensitive information since it is linked with the physical 
and mental well- being of the patient and his or her personal autonomy. Unauthorized disclosure or 
misuse of healthcare data could lead to a breach of the fundamental rights of patients and psycho-
logically or physically harm them. Since AI models require a huge amount of data for their training 
there is a possibility that such data collected from patients could be used without their consent. 
Examples depicting present concerns about privacy breaches include the recent case of Cambridge 
Analytica, a British consulting firm that used personal data which was collected by Facebook for 
political advertising, and the case of the Royal Free London NHS Foundation trust that shared 
the private data of its patients for the development of a medical application without obtaining the 
patients’ consent explicitly [16]. Hence, it is an ethical necessity to respect the confidentiality of 
patients and ensure that consent is obtained from them before any health interventions as well as 
before accessing, sharing, or using their private data.

Some ways in which it is possible to ensure security are:

 1. Establishing business agreements: Under the Health Insurance Portability and 
Accountability Act, 1996, organizations called “covered entities” are required to protect 
patients’ health data. Hence, health organizations should establish business agreements 
with AI vendors that ensure the protection and security of data.

 2. Protection of data resources: The servers and computers that store and retrieve patient 
health data for research purposes must be secure and data should solely remain within the 
concerned organization’s jurisdiction.

 3. Data anonymization: Data should be shared with researchers and developers only after they 
have been properly de- identified. The entities using the data must be bound under ethical 
laws to prevent attempts at re- identification or reselling.

1.5.3  trAnsPArency

AI is a relatively new term, and a lot of people are still skeptical about its applicability and 
incorporation in real world scenarios [17]. In healthcare as well, though the performance of AI 
in the investigation of therapeutic cloning and medical danger estimation has been extremely 
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promising, it is hard to expound the model since the software may learn and evolve over time, 
quickly repealing algorithmic explanations. This increases problems in the medical world, where 
clarity and the capability to describe scientific verdicts are very important. Lack of transparency 
can reduce the credibility of AI models in healthcare. In some cases, AI vendors include clauses 
in the contract which solely hold the clinical professional responsible in the case of any errors. 
The burden of lack of knowledge in detecting problems is entirely placed on clinicians, patients, 
or other consumers, making the former liable and consumers and patients vulnerable. It is very 
crucial for medical professionals to understand the system before using it since they will be held 
liable if they ignore any system warnings or alerts. Patients should also be involved in the process 
so as to allow them to make decisions related to their health themselves without duress or any 
kind of undue pressure.

Transparency in AI can be ensured through:

 1. Using XAI: XAI frameworks are tools that try to explain AI. The concept here is to com-
bine simpler and more sophisticated models. The main emphasis of XAI techniques in 
healthcare and the medical sector is the functional understanding of the model as opposed 
to algorithmic understanding that is not so complex [18]. Though XAI frameworks tend to 
be simple, they are not very accurate. Hence, it is necessary to maintain a balance between 
explainability and sophistication.

 2. Involving clinicians in the process: AI algorithms tend to perform well on certain data but 
perform poorly on some other. If clinicians are educated about concepts like AI bias, they 
might be able to identify and provide suitable patient data on which the AI algorithms can 
be implemented.

 3. Divulgence and consent: To be able to accept new technology, people must trust the tech-
nology, and in order to build trust, transparency has to be ensured. This means that entities 
who are impacted by the AI system are aware and have provided consent to be a part of an 
automated system.

1.5.4  DAtA formAts

Formats in AI application development are mainly image data formats and image annotation formats. 
The Digital Imaging and Communication in Medicine (DICOM) format is used by most Picture 
Archiving and Communication Systems (PACS) to store medical images, which can be converted 
into other formats like PNG or a TIFF, by groups who collect such images. During such conversion, 
important DICOM metadata are erased [19]. Image annotation storage is not in a single file format. 
Current commercial imaging systems that obtain image annotations face a major limitation of reuse 
for AI development as they do not store annotations in the required format [20].

To solve the problem of data formats the DICOM standards can be adopted.
To save regions of interest in an image, there exists an important image annotation format: 

DICOM segmentation map format [21]. This is a part of the DICOM standard. Image labels, i.e. 
radiologic findings or diagnoses, and Annotation and Image Markup (AIM) were developed and 
incorporated recently into the DICOM- SR standard [20]. DICOM can be used to store data from 
various medical imaging systems including those from CT scans, MRI or ultrasound (Figure 1.3). 
This was developed for nongraphic annotations. This standard has been supported by a few AI 
product vendors and PACS. The adoption of these standards for image annotation data storage will 
enable sharing, such as multicenter sharing, aggregating, and repurposing, for the study of quantita-
tive imaging biomarkers [19].

DICOM Web Viewer (DWV) is a browser- based DICOM image viewer written in JavaScript and 
HTML [2].
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1.5.5  societAL AccePtAnce/humAn fActors

Generally, many patients show acceptance towards incorporation of new technology and are willing 
to give it a try. People are open to AI- based diagnosis, but when it differs from that of the doctor, 
patients tend to start doubting AI technology. Apart from this, medical workers in less developed 
areas are concerned about whether AI technology will replace them and make them unemployed in 
the future. Although AI may aid cost saving and reduce the stress that is built into clinics, it may 
also lead to unemployment by rendering certain jobs redundant and automating them. To date, there 
are many people who fear that AI in the healthcare sector might lead to unemployment because it 
has been proved that in certain scenarios it gave better results as compared to humans. This makes 
more sense when it comes to those healthcare professionals who invested time and money in pursu-
ing a medical education, thereby introducing egalitarian challenges. AI promises to improve several 
facets of healthcare and medicine but it is still vital to consider the social ramifications of integrating 
this technology (Figure 1.4 and Table 1.2).

It is understandable that people fear that the development of AI in the healthcare sector might 
lead to unemployment. But to solve or treat this fear we should keep the following things in mind:

 1. If the number of jobs in one sector is decreasing, then at the same time the needs of people 
are increasing in another sector. To create AI models, we require more and more intelligent 
brains, i.e., we need people who have knowledge of medicine or technology or both.

 2. We need to understand that enhancing the accessibility of data and using them to under-
stand patterns can assist healthcare professionals in taking the right steps towards prevent-
ing illnesses at an early stage. Also, real- time data which are characterized by their high 
velocity can prove to be of great value for informing diagnoses.

FIGURE 1.3 DICOM web view of Patella (knee cap).
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 3. Most importantly, we need to remember that AI is just a product developed by humans. It 
still requires human assistance and surveillance, it may neglect or fail to perceive social fac-
tors, it might experience gaps in population information, and it is very susceptible to cyber-
attacks, owing to the advancement of technology and the rise in instances of extremely 
proficient and calculated cyberattacks.

From this section we can conclude that, despite the challenges and limitations AI faces, both it and 
humans are equally important for the development of the healthcare sector in the coming years.

1.6  CONCLUSION AND FUTURE SCOPE

We believe that AI has a paramount role to play in the advancement of healthcare in the future. 
For example, machine learning, a subset of AI, is the prime mover behind the roll out of precision 
medicine, which is widely believed to be an indispensable element of the healthcare domain [24, 
26]. Although initial efforts at providing diagnosis, disease detection, and treatment guidance are 
exigent, we expect that AI will eventually master that domain as well. Owing to the rapid advances 

FIGURE 1.4 AI applications that could change healthcare [22].

TABLE 1.2
AI Applications and Its Key Drivers [22]

Application Key Drivers in Adoption

Robot- assisted surgery Technological advances in robotic solutions for more types of surgery

Virtual nursing assistants Increasing pressure caused by medical labor shortages

Administrative workflow Easier integration with existing technology infrastructure

Fraud detection Need to address increasingly complex service and payment fraud attempts

Dosage error reduction Prevalence of medical errors, which leads to tangible penalties

Connected machines Proliferation of connected machines/devices

Clinical trial participation Patent cliff; plethora of data; outcomes- driven approach

Preliminary diagnosis Interoperability/data architecture to enhance accuracy

Automated- image diagnosis Storage capacity; greater trust in AI technology

Cybersecurity Increase in breaches; pressure to protect health data
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in AI for medical imaging analysis, there is a possibility that most radiology and pathology images 
will be examined at some point in the future by a machine. Speech and text recognition are already 
working for tasks like patient communication and capture of clinical notes, and their usage will 
escalate gradually [20].

AI plays a crucial role in the domain of biomedicine, not only because of its nonstop advance-
ment, but also due to the connatural multifaceted nature of biomedical glitches and the aptness of AI 
to resolve such issues. AI has been chasing an extensive series of healthcare requests. In particular, it 
has been used in signal processing, image processing, and for estimations of variations in functions 
such as urinary bladder control, epileptic seizures, and stroke predictions. The development of bio-
medicine involves the innovations emerging from AI. This combination of supply and demand and 
its relation to development will permit the two fields to be enhanced meaningfully in the foreseeable 
future, which will eventually ameliorate the life of individuals in society.

The use of AI is associated with a number of moral and social issues pertaining to the lack of 
transparency and trustworthiness among the general population. Many of these issues are related to 
those raised by the use of data and healthcare technologies more broadly. A key challenge for the 
future governance of AI technologies will be ensuring that it is developed and used in a way that is 
clear and suited to the public interest, whilst driving innovation in the sector.

REFERENCES

 1. Senate of Canada. Challenge ahead- integrating robotics, AI and 3D printing technologies into Canada’s 
Healthcare Systems. 2017.

 2. Charles Settles, 5 Free DICOM Viewers for Any Practice. October 24, 2019, https://technologyadvice.
com/blog/healthcare/5- dicom- viewers/

 3. Twisthink. Business disruptions from Covid solved with AI and IOT. https://twisthink.com/how- ai- 
 and- iot- solved- business- disruptions- caused- by- a- global- pandemic/

 4. Huang, S., Yang, J, Fong, S. et al. Artificial Intelligence in the diagnosis of COVID- 19: Challenges and 
perspectives, International Journal of Biological Sciences. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8071762/

 5. Covid- 19 pandemic impact: Global R&D spend for AI in healthcare and pharmaceuticals will increase 
US$1.5 billion by 2025; ABI Research: The Tech Intelligence Experts. https://www.abiresearch.com/
press/covid- 19- pandemic- impact- global- rd- spend- ai- healthcare- and- pharmaceuticals- will- increase- 
us15- billion- 2025/

 6. Jiang, F., Jiang, Y., Zhi, H., et al. Artificial intelligence in healthcare: past, present and future. Stroke Vasc 
Neurol 2017;2: e000101. doi: 10.1136/svn- 2017- 000101

 7 Pawar, U., O’Shea, D., Rea, S., & O’Reilly, R. (2020). Explainable AI in Healthcare. 2020 International 
Conference on Cyber Situational Awareness, Data Analytics and Assessment (CyberSA). doi: 10.1109/
cybersa49311.2020.9139655

 8. Ravi, D., Wong, C., Deligianni, F., Berthelot, M., Andreu- Perez, J., Lo, B., & Yang, G.-Z. Deep learning 
for health informatics. IEEE J. Biomed. Health Inform 2017;21(1): 4–21. doi: 10.1109/jbhi.2016.2636665

 9. Bajpai, Nirupam, & Wadhwa, Manisha (2021). Artificial Intelligence and Healthcare in India, ICT 
India Working Paper, No. 43, Columbia University, Earth Institute, Center for Sustainable Development 
(CSD), New York, NY.

 10. Koushik, C.S.N., Choubey, S.B., & Choubey, A. Chapter 7 – Application of virtual reality systems to 
psychology and cognitive neuroscience research; G.R. Sinha, & J.S. Suri (Eds.), Computer Modelling, 
and Cognitive Science JSBT- CI, Academic Press (2020), pp. 133–147.

 11. Greco, L., Percannella, G., Ritrovato, P., et al. Trends in IoT based solutions for health care: moving AI 
to the edge. Pattern Recognit Lett 2020;135: 346–353. doi: 10.1016/j.patrec.2020.05.016

 12. Desmond, M. Artificial intelligence in healthcare: AI applications and uses, Intellipaat Blog. https://
intellipaat.com/blog/artificial- intelligence- in- healthcare/

 13. Robotic surgery. Mayo Clinic. 2022. https://www.mayoclinic.org/tests- procedures/robotic- surgery/
care- at- mayo- clinic/pcc- 20394981

https://technologyadvice.com
https://technologyadvice.com
https://twisthink.com
https://twisthink.com
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
https://www.abiresearch.com
https://www.abiresearch.com
https://www.abiresearch.com
http://dx.doi.org/10.1136/svn-2017-000101
http://dx.doi.org/10.1109/cybersa49311.2020.9139655
http://dx.doi.org/10.1109/cybersa49311.2020.9139655
http://dx.doi.org/10.1109/jbhi.2016.2636665
http://dx.doi.org/10.1016/j.patrec.2020.05.016
https://intellipaat.com
https://intellipaat.com
https://www.mayoclinic.org
https://www.mayoclinic.org


Improved Healthcare Systems Using Artificial Intelligence 13

 14. Komal, G. Sethi, K., Ahmad, N., Rehman, M. B., Ibrahim Dafallaa, H. M. E., & Rashid, M., “Use 
of Artificial Intelligence in Healthcare Systems: State- of- the- Art Survey,” 2021 2nd International 
Conference on Intelligent Engineering and Management (ICIEM), 2021, pp. 243–248. doi: 10.1109/
ICIEM51511.2021.9445391

 15. Coeckelbergh, M. Health care, capabilities, and AI assistive technologies. Ethic Theory Moral Prac 
2010;13: 181–190. doi: 10.1007/s10677- 009- 9186- 2

 16. Reddy, S., Allan, S., Coghlan, S., & Cooper, P. A governance model for the application of AI in health 
care. J Am Med Inform Assoc 2020 Mar 1;27(3): 491–497. doi: 10.1093/jamia/ocz192. PMID: 31682262; 
PMCID: PMC7647243.

 17. The “inconvenient truth” about AI in healthcare Trishan Panch1,2, Heather Mattie2,3 and Leo Anthony 
Celi 4,5 npj Digital Medicine 2019;2: 77. doi: 10.1038/s41746- 019- 0155- 4

 18. Holzinger, A., Langs, G., Denk, H., Zatloukal, K., & Müller, H. Causability and explainabilty of artificial 
intelligence in medicine. Data Min Knowl Discov 2019;9(4): e1312.

 19. Willemink, Martin J., Koszek, Wojciech A., Hardell, Cailin, Wu, Jie, Fleischmann, Dominik, Harvey, 
Hugh, Folio, Les R., Summers, Ronald M., Rubin, Daniel L., & Lungren, Matthew P. Preparing Medical 
Imaging Data for Machine Learning PMID: 32068507, PMCID: PMC7104701 NIHMSID: NIHM 
Radiology. April 2020;295(1): 4–15. Published online 2020 Feb 18. doi: 10.1148/radiol.2020192224 
S1582495, www.ncbi.nlm.nih.gov/pmc/articles/PMC7104701/

 20. DICOM- Standards- Committee DICOM PS3.3 2019e- Information Object Definitions. NEMA. http://
dicom.nema.org/medical/dicom/current/output/chtml/part03/PS3.3.html. Published 2019. [Google 
Scholar]

 21. Fedorov, A., Clunie, D., Ulrich, E., et al. DICOM for quantitative imaging biomarker development: a 
standards based approach to sharing clinical data and structured PET/CT analysis results in head and 
neck cancer research. PeerJ 2016;4:e2057. [PMC free article] [PubMed] [Google Scholar].

 22. Valeriy, Ilchenko. “AI Adoption in Healthcare: 10 Pros and Cons”. 07 September 2020 https://www.
byteant.com/blog/ai- adoption- in- healthcare- 10- pros- and- cons/

 23. Davenport, T., & Kalakota, R. The potential for artificial intelligence in healthcare. Future Health J 
2019;6(2): 94–98. doi: 10.7861/futurehosp.6- 2- 94

 24. Hasani, N., Morris, M. A., Rhamim, A., Summers, R. M., Jones, E., Siegel, E., & Saboury, B. Trustworthy 
artificial intelligence in medical imaging. PET Clinics 2022;17(1): 1–12.

 25. Greco, L., Percannella, G., Ritrovato, P., et al. Trends in IoT based solutions for health care: moving AI 
to the edge; Pattern Recognit Lett 2020;135: 346–353. doi: 10.1016/j.patrec.2020.05.016

 26. Sunarti, S., et al. Artificial intelligence in healthcare: opportunities and risk for future. Gac Sanit 
2021;35(S1): S67–S70.

 27. Gershgorn, D. If AI is going to be the world’s doctor, it needs better textbooks, Quartz. September 6, 
2018. https://qz.com/1367177/if- ai- is- going- to- be- the- worlds- doctor- it- needs- better- textbooks

http://dx.doi.org/10.1109/ICIEM51511.2021.9445391
http://dx.doi.org/10.1109/ICIEM51511.2021.9445391
http://dx.doi.org/10.1007/s10677-009-9186-2
http://dx.doi.org/10.1093/jamia/ocz192
http://dx.doi.org/10.1038/s41746-019-0155-4
http://www.ncbi.nlm.nih.gov
http://dicom.nema.org
http://dicom.nema.org
https://www.byteant.com
https://www.byteant.com
http://dx.doi.org/10.7861/futurehosp.6-2-94
http://dx.doi.org/10.1016/j.patrec.2020.05.016
https://qz.com


Improved Healthcare Systems Using Artificial Intelligence 
Senate of Canada . Challenge ahead-integrating robotics, AI and 3D printing technologies into Canada’s
Healthcare Systems. 2017. 
Charles Settles, 5 Free DICOM Viewers for Any Practice . October 24, 2019,
https://technologyadvice.com/blog/healthcare/5-dicom-viewers/ 
Twisthink . Business disruptions from Covid solved with AI and IOT. https://twisthink.com/how-ai-and-iot-solved-
business-disruptions-caused-by-a-global-pandemic/ 
Huang, S. , Yang, J , Fong, S. et al. Artificial Intelligence in the diagnosis of COVID-19: Challenges and
perspectives, International Journal of Biological Sciences.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8071762/ 
Covid-19 pandemic impact: Global R&D spend for AI in healthcare and pharmaceuticals will increase US$1.5
billion by 2025 ; ABI Research: The Tech Intelligence Experts. https://www.abiresearch.com/press/covid-19-
pandemic-impact-global-rd-spend-ai-healthcare-and-pharmaceuticals-will-increase-us15-billion-2025/ 
Jiang, F. , Jiang, Y. , Zhi, H. , et al. Artificial intelligence in healthcare: past, present and future. Stroke Vasc
Neurol 2017;2: e000101. doi: 10.1136/svn-2017-000101 
Pawar, U. , O'Shea, D. , Rea, S. , & O'Reilly, R. (2020). Explainable AI in Healthcare. 2020 International
Conference on Cyber Situational Awareness, Data Analytics and Assessment (CyberSA). doi:
10.1109/cybersa49311.2020.9139655 
Ravi, D. , Wong, C. , Deligianni, F. , Berthelot, M. , Andreu-Perez, J. , Lo, B. , & Yang, G.-Z. Deep learning for
health informatics. IEEE J. Biomed. Health Inform 2017;21(1): 4–21. doi: 10.1109/jbhi.2016.2636665 
Bajpai, Nirupam , & Wadhwa, Manisha (2021). Artificial Intelligence and Healthcare in India, ICT India Working
Paper, No. 43, Columbia University, Earth Institute, Center for Sustainable Development (CSD), New York, NY. 
Koushik, C.S.N. , Choubey, S.B. , & Choubey, A. Chapter 7 – Application of virtual reality systems to
psychology and cognitive neuroscience research; G.R. Sinha , & J.S. Suri (Eds.), Computer Modelling, and
Cognitive Science JSBT-CI, Academic Press (2020), pp. 133–147. 
Greco, L. , Percannella, G. , Ritrovato, P. , et al. Trends in IoT based solutions for health care: moving AI to the
edge. Pattern Recognit Lett 2020;135: 346–353. doi: 10.1016/j.patrec.2020.05.016 
Desmond, M. Artificial intelligence in healthcare: AI applications and uses, Intellipaat Blog.
https://intellipaat.com/blog/artificial-intelligence-in-healthcare/ 
Robotic surgery . Mayo Clinic. 2022. https://www.mayoclinic.org/tests-procedures/robotic-surgery/care-at-mayo-
clinic/pcc-20394981 
Komal, G. Sethi, K. , Ahmad, N. , Rehman, M. B. , Ibrahim Dafallaa, H. M. E. , & Rashid, M. , “Use of Artificial
Intelligence in Healthcare Systems: State-of-the-Art Survey,” 2021 2nd International Conference on Intelligent
Engineering and Management (ICIEM) , 2021, pp. 243–248. doi: 10.1109/ICIEM51511.2021.9445391 
Coeckelbergh, M. Health care, capabilities, and AI assistive technologies. Ethic Theory Moral Prac 2010;13:
181–190. doi: 10.1007/s10677-009-9186-2 
Reddy, S. , Allan, S. , Coghlan, S. , & Cooper, P. A governance model for the application of AI in health care. J
Am Med Inform Assoc 2020 Mar 1;27(3): 491–497. doi: 10.1093/jamia/ocz192. PMID: 31682262; PMCID:
PMC7647243. 
The “inconvenient truth” about AI in healthcare Trishan Panch1,2, Heather Mattie2,3 and Leo Anthony Celi 4,5
npj Digital Medicine 2019;2: 77. doi: 10.1038/s41746-019-0155-4 
Holzinger, A. , Langs, G. , Denk, H. , Zatloukal, K. , & Müller, H. Causability and explainabilty of artificial
intelligence in medicine. Data Min Knowl Discov 2019;9(4): e1312. 
Willemink, Martin J. , Koszek, Wojciech A. , Hardell, Cailin , Wu, Jie , Fleischmann, Dominik , Harvey, Hugh ,
Folio, Les R. , Summers, Ronald M. , Rubin, Daniel L. , & Lungren, Matthew P. Preparing Medical Imaging Data
for Machine Learning PMID: 32068507, PMCID: PMC7104701 NIHMSID: NIHM Radiology. April 2020;295(1):
4–15. Published online 2020 Feb 18. doi: 10.1148/radiol.2020192224 S1582495,
www.ncbi.nlm.nih.gov/pmc/articles/PMC7104701/ 
DICOM-Standards-Committee DICOM PS3.3 2019e-Information Object Definitions. NEMA .
http://dicom.nema.org/medical/dicom/current/output/chtml/part03/PS3.3.html. Published 2019. [Google Scholar] 
Fedorov, A. , Clunie, D. , Ulrich, E. , et al. DICOM for quantitative imaging biomarker development: a standards
based approach to sharing clinical data and structured PET/CT analysis results in head and neck cancer
research. PeerJ 2016;4:e2057. [PMC free article] [PubMed] [Google Scholar]. 
Valeriy, Ilchenko . “AI Adoption in Healthcare: 10 Pros and Cons”. 07 September 2020
https://www.byteant.com/blog/ai-adoption-in-healthcare-10-pros-and-cons/ 
Davenport, T. , & Kalakota, R. The potential for artificial intelligence in healthcare. Future Health J 2019;6(2):
94–98. doi: 10.7861/futurehosp.6-2-94 
Hasani, N. , Morris, M. A. , Rhamim, A. , Summers, R. M. , Jones, E. , Siegel, E. , & Saboury, B. Trustworthy
artificial intelligence in medical imaging. PET Clinics 2022;17(1): 1–12. 
Greco, L. , Percannella, G. , Ritrovato, P. , et al. Trends in IoT based solutions for health care: moving AI to the
edge; Pattern Recognit Lett 2020;135: 346–353. doi: 10.1016/j.patrec.2020.05.016 
Sunarti, S. , et al. Artificial intelligence in healthcare: opportunities and risk for future. Gac Sanit 2021;35(S1):
S67–S70.



Gershgorn, D. If AI is going to be the world’s doctor, it needs better textbooks, Quartz. September 6, 2018.
https://qz.com/1367177/if-ai-is-going-to-be-the-worlds-doctor-it-needs-better-textbooks 

 
A Brain MRI Segmentation Method Using Feature Weighting and a Combination of
Efficient Visual Features 
Z. Liu et al. , “Deep learning based brain tumor segmentation: a survey,” Complex & Intelligent Systems,
2022/07/09 2022, doi: 10.1007/s40747-022-00815-5 
S. Das , G. K. Nayak , L. Saba , M. Kalra , J. S. Suri , and S. Saxena , “An artificial intelligence framework and
its bias for brain tumor segmentation: A narrative review,” Computers in Biology and Medicine, vol. 143, p.
105273, 2022/04/01/ 2022, doi: 10.1016/j.compbiomed.2022.105273 
E.-S. A. El-Dahshan , H. M. Mohsen , K. Revett , and A.-B. M. Salem , “Computer-aided diagnosis of human
brain tumor through MRI: A survey and a new algorithm,” Expert Systems with Applications, vol. 41, no. 11, pp.
5526–5545, 2014/09/01/ 2014, doi: 10.1016/j.eswa.2014.01.021 
M. Balafar , A. Rahman Ramli , M. Iqbal Saripan , S. Mashohor , and R. Mahmud , “Improved fast fuzzy C-
mean and its application in medical image segmentation,” Journal of Circuits, Systems, and Computers, vol. 19,
no. 01, pp. 203–214, 2010. 
T. Rahkar Farshi and M. Orujpour , “Multi-level image thresholding based on social spider algorithm for global
optimization,” International Journal of Information Technology, vol. 11, no. 4, pp. 713–718, 2019/12/01 2019,
doi: 10.1007/s41870-019-00328-4 
A. Srivastava , A. Raj Alankrita , and V. Bhateja , “Combination of Wavelet Transform and Morphological
Filtering for Enhancement of Magnetic Resonance Images,” in Digital Information Processing and
Communications, Berlin, Heidelberg, V. Snasel , J. Platos , and E. El-Qawasmeh , Eds., 2011// 2011: Springer
Berlin Heidelberg, pp. 460–474. 
B. Zhang , J. M. Fadili , and J.-L. Starck , “Wavelets, ridgelets, and curvelets for Poisson noise removal,” IEEE
Transactions on image processing, vol. 17, no. 7, pp. 1093–1108, 2008. 
T. Rahkar Farshi and R. Demirci , “Multilevel image thresholding with multimodal optimization,” Multimedia
Tools and Applications, vol. 80, no. 10, pp. 15273–15289, 2021/04/01 2021, doi: 10.1007/s11042-020-10432-4 
T. Rahkar Farshi , R. Demirci , and M.-R. Feizi-Derakhshi , “Image clustering with optimization algorithms and
color space,” Entropy, vol. 20, no. 4, p. 296, 2018. [Online]. Available: https://www.mdpi.com/1099-
4300/20/4/296 
A. Golzari Oskouei , M. Hashemzadeh , B. Asheghi , and M. A. Balafar , “CGFFCM: Cluster-weight and Group-
local Feature-weight learning in Fuzzy C-Means clustering algorithm for color image segmentation,” Applied
Soft Computing, vol. 113, p. 108005, 2021/12/01/ 2021, doi: 10.1016/j.asoc.2021.108005 
A. Golzari Oskouei and M. Hashemzadeh , “CGFFCM: A color image segmentation method based on cluster-
weight and feature-weight learning,” Software Impacts, vol. 11, p. 100228, 2022/02/01/ 2022, doi:
10.1016/j.simpa.2022.100228 
T. R. Farshi , J. H. Drake , and E. Özcan , “A multimodal particle swarm optimization-based approach for image
segmentation,” Expert Systems with Applications, vol. 149, p. 113233, 2020/07/01/ 2020, doi:
10.1016/j.eswa.2020.113233 
M. Balafar , “Spatial based expectation maximizing (EM),” Diagnostic Pathology, vol. 6, no. 1, pp. 1–14, 2011. 
T. Rahkar Farshi and A. K. Ardabili , “A hybrid firefly and particle swarm optimization algorithm applied to
multilevel image thresholding,” Multimedia Systems, vol. 27, no. 1, pp. 125–142, 2021/02/01 2021, doi:
10.1007/s00530-020-00716-y 
U. Maulik , “Medical image segmentation using genetic algorithms,” IEEE Transactions on information
technology in biomedicine, vol. 13, no. 2, pp. 166–173, 2009. 
M. Balafar , A. Rahman Ramli , M. I. Saripan , S. Mashohor , and R. Mahmud , “Medical image segmentation
using fuzzy c-mean (FCM) and user specified data,” Journal of Circuits, Systems, and Computers, vol. 19, no.
01, pp. 1–14, 2010. 
M. A. Balafar , A.-R. Ramli , and S. Mashohor , “Brain magnetic resonance image segmentation using novel
improvement for expectation maximizing,” Neurosciences Journal, vol. 16, no. 3, pp. 242–247, 2011. 
L.-H. Juang and M.-N. Wu , “MRI brain lesion image detection based on color-converted K-means clustering
segmentation,” Measurement, vol. 43, no. 7, pp. 941–949, 2010. 
M. A. Balafar , A. R. Ramli , M. I. Saripan , and S. Mashohor , “Review of brain MRI image segmentation
methods,” Artificial Intelligence Review, vol. 33, no. 3, pp. 261–274, 2010. 
L. Feng , H. Li , Y. Gao , and Y. Zhang , “A color image segmentation method based on region salient color and
fuzzy C-means algorithm,” Circuits, Systems, and Signal Processing, vol. 39, no. 2, pp. 586–610, 2020/02/01
2020, doi: 10.1007/s00034-019-01126-w 
M. Hashemzadeh , A. Golzari Oskouei , and N. Farajzadeh , “New fuzzy C-means clustering method based on
feature-weight and cluster-weight learning,” Applied Soft Computing, vol. 78, pp. 324–345, 2019/05/01/ 2019,
doi: 10.1016/j.asoc.2019.02.038



J. MacQueen , “Some methods for classification and analysis of multivariate observations,” in Proceedings of
the Fifth Berkeley Symposium on Mathematical Statistics and Probability , 1967, vol. 1, no. 14: Oakland, CA,
USA., pp. 281–297. 
H. Wang and B. Fei , “A modified fuzzy C-means classification method using a multiscale diffusion filtering
scheme,” Medical Image Analysis, vol. 13, no. 2, pp. 193–202, 2009. 
H. Kekre , T. Sarode , and K. Raut , “Detection of tumor in MRI using vector quantization segmentation,”
International Journal of Engineering Science and Technology, vol. 2, no. 8, pp. 3753–3757, 2010. 
B. A. Pimentel and R. M. C. R. de Souza , “Multivariate Fuzzy C-Means algorithms with weighting,”
Neurocomputing, vol. 174, pp. 946–965, 2016/01/22/2016, doi: 10.1016/j.neucom.2015.10.011 
Z. Zhou , X. Zhao , and S. Zhu , “K-harmonic means clustering algorithm using feature weighting for color
image segmentation,” Multimedia Tools and Applications vol. 77, no. 12, pp. 15139–15160, June 01 2018, doi:
10.1007/s11042-017-5096-9 
H.-J. Xing and M.-H. Ha , “Further improvements in feature-weighted fuzzy C-means,” Information Sciences,
vol. 267, pp. 1–15, 2014/05/20/ 2014, doi: 10.1016/j.ins.2014.01.033 
J. Zhou , L. Chen , C. L. P. Chen , Y. Zhang , and H.-X. Li , “Fuzzy clustering with the entropy of attribute
weights,” Neurocomputing, vol. 198, pp. 125–134, 2016/07/19/2016, doi: 10.1016/j.neucom.2015.09.127 
X.-B. Zhi , J.-L. Fan , and F. Zhao , “Robust local feature weighting hard c-means clustering algorithm,”
Neurocomputing, vol. 134, pp. 20–29, 2014/06/25/ 2014, doi: 10.1016/j.neucom.2012.12.074 
A. Golzari Oskouei , M. A. Balafar , and C. Motamed , “FKMAWCW: Categorical fuzzy k-modes clustering with
automated attribute-weight and cluster-weight learning,” Chaos, Solitons & Fractals, vol. 153, p. 111494,
2021/12/01/ 2021, doi: 10.1016/j.chaos.2021.111494 
P. Arbelaez , M. Maire , C. Fowlkes , and J. Malik , “Contour Detection and Hierarchical Image Segmentation,”
IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 33, no. 5, pp. 898–916, 2011, doi:
10.1109/TPAMI.2010.161 
G. Wyszecki and W. S. Stiles , Color Science. Wiley New York, 1982. 
K. Wang , L. Li , and J. Zhang , “End-to-end trainable network for superpixel and image segmentation,” Pattern
Recognition Letters, vol. 140, pp. 135–142, 2020/12/01/ 2020, doi: 10.1016/j.patrec.2020.09.016 
B. Yuan , L. Han , and H. Yan , “Explore double-opponency and skin color for saliency detection,”
Neurocomputing, 2020/04/25/ 2020, doi: 10.1016/j.neucom.2020.04.089 
D.-W. Kim , K. H. Lee , and D. Lee , “A novel initialization scheme for the fuzzy c-means algorithm for color
clustering,” Pattern Recognition Letters, vol. 25, no. 2, pp. 227–237, 2004/01/19/ 2004, doi:
10.1016/j.patrec.2003.10.004 
K. Sakthivel , R. Nallusamy , and C. Kavitha , “Color image segmentation using SVM pixel classification image,”
World Academy of Science, Engineering and Technology, International Journal of Computer, Electrical,
Automation, Control and Information Engineering, vol. 8, no. 10, pp. 1919–1925, 2015. 
A. Humeau-Heurtier , “Texture Feature Extraction Methods: A Survey,” IEEE Access, vol. 7, pp. 8975–9000,
2019, doi: 10.1109/ACCESS.2018.2890743 
M. Gao , H. Chen , S. Zheng , and B. Fang , “Feature fusion and non-negative matrix factorization based active
contours for texture segmentation,” Signal Processing, vol. 159, pp. 104–118, 2019/06/01/ 2019, doi:
10.1016/j.sigpro.2019.01.021 
D. Reska and M. Kretowski , “GPU-accelerated image segmentation based on level sets and multiple texture
features,” Multimedia Tools and Applications, 2020/10/03 2020, doi: 10.1007/s11042-020-09911-5 
L. Li and Q. An , “An in-depth study of tool wear monitoring technique based on image segmentation and
texture analysis,” Measurement, vol. 79, pp. 44–52, 2016/02/01/ 2016, doi:
10.1016/j.measurement.2015.10.029 
C. Sompong and S. Wongthanavasu , “An efficient brain tumor segmentation based on cellular automata and
improved tumor-cut algorithm,” Expert Systems with Applications, vol. 72, pp. 231–244, 2017/04/15/ 2017, doi:
10.1016/j.eswa.2016.10.064 
Z. Xing and H. Jia , “Multilevel color image segmentation based on GLCM and improved salp swarm algorithm,”
IEEE Access, vol. 7, pp. 37672–37690, 2019, doi: 10.1109/ACCESS.2019.2904511 
J. C. Bezdek , “Objective function clustering,” in Pattern Recognition with Fuzzy Objective Function Algorithms:
Springer, 1981, pp. 43–93. 
M. A. Mazurowski , K. Clark , N. M. Czarnek , P. Shamsesfandabadi , K. B. Peters , and A. Saha ,
“Radiogenomics of lower-grade glioma: algorithmically-assessed tumor shape is associated with tumor genomic
subtypes and patient outcomes in a multi-institutional study with The Cancer Genome Atlas data,” Journal of
Neuro-Oncology, vol. 133, no. 1, pp. 27–35, 2017/05/01 2017, doi: 10.1007/s11060-017-2420-1 
A. Strehl and J. Ghosh , “Cluster ensembles—a knowledge reuse framework for combining multiple partitions,”
Journal of Machine Learning Research, vol. 3, no. Dec, pp. 583–617, 2002. 
A. Golzari Oskouei , M. A. Balafar , and C. Motamed , “EDCWRN: efficient deep clustering with the weight of
representations and the help of neighbors,” Applied Intelligence, 2022/07/05 2022, doi: 10.1007/s10489-022-
03895-5 
J. C. Bezdek , “A convergence theorem for the fuzzy ISODATA clustering algorithms,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, no. 1, pp. 1–8, 1980.



H. Akramifard , M. Balafar , S. Razavi , and A. R. Ramli , “Emphasis learning, features repetition in width
instead of length to improve classification performance: Case study—Alzheimer’s disease diagnosis,” Sensors,
vol. 20, no. 3, p. 941, 2020. [Online]. Available: https://www.mdpi.com/1424-8220/20/3/941 
M. Aria , E. Nourani , and A. Golzari Oskouei , “ADA-COVID: Adversarial deep domain adaptation-based
diagnosis of COVID-19 from lung CT scans using triplet embeddings,” Computational Intelligence and
Neuroscience, vol. 2022, p. 2564022, 2022/02/08 2022, doi: 10.1155/2022/2564022 

 
Vision Based Skin Cancer Detection 
T. Yamunarani , “Analysis of Skin Cancer using ABCD Technique”, International Research Journal of
Engineering and Technology, April 2018. 
Nabin K. Mishra and M. Emre Celebi , “An Overview of Melanoma Detection in Dermoscopy Images Using
Image Processing and Machine Learning”, arXiv.org, 2016. 
Azadeh Noori Hoshyar , Adel Al-Jumaily and Afsaneh Noori Hoshyar , “The Beneficial Techniques in
Preprocessing Step of Skin Cancer Detection System Comparing”, ResearchGate, 2013–2014. 
Abbas Hanon and Baidaa M. ALsafy , “Early Detection and Classification of Melanoma Skin Cancer”,
ResearchGate, November 2015. 
Gurkirat Kaur and Er Kirti Joshi , “Automatic Segmentation of Skin Melanoma Images Using Hybrid Method”,
IJARCSSE, February 2017. 
T. Lee , V. Ng , R. Gallagher , A. Coldman , and D. McLcan , “DullRazor software approach to hair removal
from images Computers in Biology and Medicine”, 199727533543 of SPIE Medical Imaging Image Processing,
vol 6914462008 Medicine 199727533543 
Mohammad Taghi Bahreyni Toossi , Hamid Reza Pourreza , Hoda Zarel , Mohamad-Hoseyn Sigari , Pouran
Layegh , and Abbas Azimi , An effective hair removal algorithm for dermoscopy images, Skin Research and
Technology, Singapore, 2013. 
Scott E. Umbaugh , Randy H. Moss , and William V. Stoecker , Elsevier, “An Automatic Color Segmentation
Algorithm with Application to Identification of Skin Tumor Borders”, Computerized Medical Imaging and
Graphics, 1992. 
Razl J. Alazani , Abbas Abdulaziz Abdulhameed , and Hussein Majeed Ahmed , “A Robustness Segmentation
Approach for Skin Cancer Image Detection Based on an Adaptive Automatic Thresholding Technique”,
American Journal of Intelligent Systems, 2017. 
Shivangi Jain and Vandana Jagtap Nitin Pise , Computer aided Melanoma skin cancer detection using Image
Processing, Elsevier, 2015. 
K. Saravanan and S. Sasithra , “Review on Classification Based on Artificial Neural Networks”, IJASA, 2014. 
Amruta M. Gajbar and A. S. Deshpande , Detection and Analysis of Skin Cancer in Skin Lesions by using
Segmentation”, International Journal of Advanced Research in Computer Science and Software Engineering,
April 2015. 
Amran Hossen Bhuiyan , Ibrahim Azad , and Kamal Uddin , “Image Processing for Skin Cancer Features
Extraction”, International Journal of Scientific and Engineering Research, 2013. 
L. Ballerini , R. B. Fisher , B. Aldridge , and J. Rees , “A color and texture based hierarchical K-NN approach to
the classification of non-melanoma skin lesions,” in Color Medical Image Analysis, M. E. Celebi and G.
Schaefer , Eds., Netherlands, Springer, 2013. 
M. E. Celebi , H. A. Kingravi , B. Uddin , H. Lyatomi , Y. A. Aslandogan , W. V. Stoecker , and R. H. Moss , “A
methodological approach to the classification of dermoscopy images,” Computerized Medical Imaging and
Graphics, 2007. 
Fikret Ercal , Anurag Chawla , William V. Stoecker , Hsi-Chieh Lee , and Randy H. Moss , Neural Network
Diagnosis of Malignant Melanoma From Color Images, IEEE, September 1994. 
Jack V. Tu , Advantages and Disadvantages of Using Artificial Neural Networks versus Logistic Regression for
Predicting Medical Outcomes, Elsevier Science, 1996. 
Arkadiusz Kwasigroch , Agnieszka Mikołajczyk , and Michał Grochowski , “Deep Neural Networks Approach To
Skin Lesions Classification – a comparative analysis”, 22nd International Conference on Methods and Models
in Automation and Robotics (MMAR) , 2017. 
P. Tschandl , C. Rosendahl , and H. Kittler , “A Large Collection of Multi-Source Dermatoscopic Images of
Common Pigmented Skin Lesions”, The HAM10000 dataset, Science Data 5, 180161 doi:
10.1038/sdata.2018.161, 2018. 
C. Noel F. Codella , David Gutman , M. Emre Celebi , Brian Helba , Michael A. Marchetti , Stephen W. Dusza ,
Aadi Kalloo , Konstantinos Liopyris , Nabin Mishra , Harald Kittler , and Allan Halpern “Skin Lesion Analysis
Toward Melanoma Detection: A Challenge at the 2017 International Symposium on Biomedical Imaging (ISBI),
Hosted by the International Skin Imaging Collaboration (ISIC)”, arXiv.org, 2017. 
H. B. Kekre and Kavita Sonawane “Comparative study of color histogram-based bins approach in RGB, XYZ,
Kekre’s LXY and L′X′Y′ color spaces”, International Conference on Circuits, Systems, Communication and



Information Technology Applications (CSCITA), IEEE 2014. 

 
MentoCare 
World Health Organization . “Mental health: a state of well-being 2013”. Report of the WHO Department of
Mental Health. 2013 https://www.who.int/news-room/facts-in-pictures/detail/mental-health (accessed 10 Sep
2022 ). 
“Mental health: strengthening our response,” Mental health: strengthening our response, Jun. 17, 2022.
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-response/ (accessed Sep.
10, 2022 ). 
Susman, E. J. , and Dorn, L. D. (2009). “Puberty: it’s role in development,” in Handbook of Adolescent
Psychology, 3rd Edn., eds R. M. Lerner , and L. Steinberg (Hoboken, NJ: John Wiley and Sons), 116–151. doi:
10.1002/9780470479193.adlpsy001006 
Kumar, L. “Disabled Population in India: Data and Facts,” WeCapable, May 25, 2018.
https://wecapable.com/disabled-population-india-data/ (accessed Sep. 10, 2022 ). 
Centers for Disease Control and Prevention “Mental Health for All,” Centers for Disease Control and
Prevention, Nov. 30, 2020. https://www.cdc.gov/ncbddd/disabilityandhealth/features/mental-health-for-all/
(accessed Sep. 10, 2022 ). 
Cree, R.A. , Okoro, C.A. , Zack, M.M. , and Carbone, E. (2020). “Frequent Mental Distress Among Adults by
Disability Status, Disability Type, and Selected Characteristics – United States 2018”. Morbidity and Mortality
Weekly Report (MMWR). 
Vazquez, C. , Hervas, G. , Rahona, J.J. , and Gomez, D. (2009). “Psychological well-being and health:
Contributions from positive psychology”. Anuario de Psicologia Clinica y de la Salud/Annuary of Clinical and
Health Psychology, 5, 15–28. 
Dekelver, Jan , Kultsova, Marina , Shabalina, Olga , Borblik, Julia , Pidoprigora, Alexander , and Romanenko,
Roman (2015). “Design of Mobile Applications for People with Intellectual Disabilities”. 535. 10.1007/978-3-319-
23766-4 
Burn, A.M. , Ford, T.J. , Stochl, J. , Jones, P.B. , Perez, J. , and Anderson, J.K. (2022 Jan 10). “Developing a
Web-Based App to Assess Mental Health Difficulties in Secondary School Pupils: Qualitative User-Centered
Design Study”. JMIR form Research, 6(1), e30565. doi: 10.2196/30565. PMID: 35006079; PMCID:
PMC8787665. 
Piqueras, J.A. , Garcia-Olcina, M. , Rivera-Riquelme, M. , Martinez-Gonzalez, A.E. , and Cuijpers, P. (2021).
“DetectaWeb-Distress Scale: A Global and Multidimensional Web-Based Screener for Emotional Disorder
Symptoms in Children and Adolescents”. Frontiers in Psychology, 12, 627604. doi: 10.3389/fpsyg.2021.627604 
Dash, S. , Shakyawar, S.K. , Sharma, M. et al. (2019). “Big Data in Healthcare: Management, Analysis and
Future Prospects”. Journal of Big Data, 6, 54. 
Musale, Mukool , Desale, Disha , Jagadale, Harshal , Ravindravitnare, Yash , and Ospanova, A. (2022). “A
Web-based Mental Health Detection and get Cure Application”. International Journal of Innovative Research in
Science Engineering and Technology. 11, 3504–3505. doi: 10.15680/IJIRSET.2022.1104054 
Tate, A.E. , McCabe, R.C. , Larsson, H. , Lundström, S. , Lichtenstein, P. , and Kuja-Halkola, R. (2020).
“Predicting Mental Health Problems in Adolescence Using Machine Learning Techniques”. PLoS One, 15(4),
e0230389. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0230389 
Saboo, S. , Gupta, S. , Nailwal, I. , Gandhi, R. , and Rana, S. (2021). “Diagnosing Mental Health Patient While
Maintaining Anonymity,” IEEE Mysore Sub Section International Conference (MysuruCon), 2021, 244–248. doi:
10.1109/MysuruCon52639.2021.9641727 
Okoro, C.A. , Strine, T.W. , McKnight-Eily, L. , Verlenden, J. , and Hollis, N.D. (2021). “Indicators of Poor Mental
Health and Stressors during the COVID-19 Pandemic, by Disability Status: A Cross-Sectional Analysis”.
Disability and Health Journal, 14(4), 101110. doi: 10.1016/j.dhjo.2021.101110. Epub 2021 Apr 21. PMID:
33962896; PMCID: PMC8436151. 
Koushik, C.S.N. , Choubey, S.B. , and Choubey, A. Chapter 7 – “Application of virtual reality systems to
psychology and cognitive neuroscience research”; G.R. Sinha , J.S. Suri (Eds.), Computer Modelling, and
Cognitive Science JSBT-CI, Academic Press (2020), pp. 133–147 
Accenture, L.L.C. “Consumer survey on digital health results.” (2018).
https://www.accenture.com/t20180305t084516z__w__/us-en/_acnmedia/pdf-71/accenture-health-2018-
consumer-survey-digital-health.pdf 
Robbins, R. , Krebs, P. , Jagannathan, R. , Jean-Louis, G. , and Duncan, D.T. (2017 Dec 19). “Health App use
among US Mobile Phone Users: Analysis of Trends by Chronic Disease Status.” JMIR mHealth and uHealth,
5(12), e7832. 
Torous, J. , Wisniewski, H. , Liu, G. , and Keshavan, M. (2018 Nov 16) “Mental Health Mobile Phone App
Usage, Concerns, and Benefits among Psychiatric Outpatients: Comparative Survey Study”. JMIR Mental
Health, 5(4), e11715.



Schueller, S.M. , Neary, M. , O'Loughlin, K. , and Adkins, E.C. (2018 Jun 11). “Discovery of and Interest in
Health Apps among Those with Mental Health Needs: Survey and Focus Group Study”. Journal of Medical
Internet Research, 20(6), e10141. 
Halvorsen, M.B. , Helverschou, S.B. , Axelsdottir, B. et al. (2022). “General Measurement Tools for Assessing
Mental Health Problems Among Children and Adolescents with an Intellectual Disability: A Systematic Review”.
Journal of Autism and Developmental Disorders. https://link.springer.com/article/10.1007/s10803-021-05419-5 
“Prediction of Mental Health Among University Students” July 2021 International Journal on Perceptive and
Cognitive Computing 7(1), 85–91. 
Zhaorong, Y. and Yiwen, C. (2019). “Design and Application of Adolescent Mental Health Data Mining and
Management System”. International Conference on Smart Grid and Electrical Automation (ICSGEA), 2019,
490–492, doi: 10.1109/ICSGEA.2019.00117 
Chen, S. (2022). “Applicability Analysis of Data-driven Methods for Adolescents Mental Health Surveillance”.
International Conference on Machine Learning and Knowledge Engineering (MLKE), 2022, 241–244, doi:
10.1109/MLKE55170.2022.00053 
Chiang, Wen-Cheng , Cheng, Po-Husn , Mei-Ju, Su , Chen, Heng-Shuen , Wu, Ssu-Wei , and Lin, Jia-Kuan ,
“Socio-health with personal mental health records: Suicidal-tendency observation system on Facebook for
Taiwanese adolescents and young adults,” 2011 IEEE 13th International Conference on e-Health Networking,
Applications and Services , 2011, pp. 46–51, doi: 10.1109/HEALTH.2011.6026784 
Grist, R. , Porter, J. , and Stallard, P. (2017). “Mental Health Mobile Apps for Preadolescents and Adolescents:
A Systematic Review”. Journal of Medical Internet Research May 25, 19(5), e176. doi: 10.2196/jmir.7332.
PMID: 28546138; PMCID: PMC5465380 
Huckvale, Kit , Nicholas, Jennifer , and Torous, John Mark E Larsen , (2020). “Smartphone Apps for the
Treatment of Mental Health Conditions: Status and Considerations”. Current Opinion in Psychology, 36, 65–70,
ISSN 2352-250X, https://doi.org/10.1016/j.copsyc.2020.04.008 
Torous, J. and Hsin, H. (2018 May 16). “Empowering the Digital Therapeutic Relationship: Virtual Clinics for
Digital Health Interventions”. NPJ Digital Medicine, 1(1), 1–3. 
Singh, A. , Goyal, M. , Vidhi, J. Nagpal , and Agarwal, A. , “Cognitive Behaviour Analysis Of Adolescents,”
2019 International Conference on contemporary Computing and Informatics (IC3I) , 2019, pp. 44–48, doi:
10.1109/IC3I46837.2019.9055664 
Subu, M. A. et al. , “Social Media Use and Physical Activity among Junior High School Students in Indonesia,”
2021 IEEE 45th Annual Computers, Software, and Applications Conference (COMPSAC) , 2021, pp.
1394–1396, doi: 10.1109/COMPSAC51774.2021.00201 
Mcmillan, Julie and Jarvis, Jane , (2013). “Mental Health and Students with Disabilities: A Review of Literature”.
Australian Journal of Guidance and Counselling, 23. doi: 10.1017/jgc.2013.14 
Rivera-Riquelme, M. , Piqueras, J. A. , and Cuijpers, P. (2019). “The Revised Mental Health Inventory-5 (MHI-
5) as an Ultra-brief Screening Measure of Bidimensional Mental Health in Children and Adolescents”.
Psychiatry Research, 274, 247–253. doi: 10.1016/j.psychres.2019.02.045 
Gili, M. , Castellví, P. , Vives, M. , de la Torre-Luque, A. , Almenara, J. , Blasco, M. J. , et al. (2019). “Mental
Disorders as Risk Factors for Suicidal Behavior in Young People: A Meta-analysis and Systematic Review of
Longitudinal Studies”. Journal of Affective Disorders 245, 152–162. doi: 10.1016/j.jad.2018.10.115 
Francisco, R. , Pedro, M. , Delvecchio, E. , Espada, J. P. , Morales, A. , Mazzeschi, C. , et al. (2020).
“Psychological Symptoms and Behavioral Changes in Children and Adolescents during the Early Phase of
COVID-19 Quarantine in Three European Countries”. Frontiers in Psychiatry, 11, 570164. doi:
10.3389/fpsyt.2020.570164 
Baumel, A. , Muench, F. , Edan, S , and Kane, J.M. (2019 Sep 25). “Objective User Engagement with Mental
Health Apps: Systematic Search and Panel-based Usage Analysis”. Journal of Medical Internet Research,
21(9), e14567. 
Westlake, F. , Hassiotis, A. , Unwin, G. , and Totsika, V. (2021). “The Role of Behaviour Problems in Screening
for Mental Ill-health in Adults with Intellectual Disability”, The European Journal of Psychiatry, 35(2), 122–125,
ISSN 0213-6163, doi: 10.1016/j.ejpsy.2020.11.002 

 
An Employee Health Monitoring System Using Wireless Body Area Networks and
Machine Learning 
Sarmah, S. S. An efficient IoT-based patient monitoring and heart disease prediction system using deep
learning modified neural network. IEEE Access, 2020; 8: 135784–135797, doi:
10.1109/ACCESS.2020.3007561 
Rashwand, Saeed and Misic, Jelena V. , Bridging between IEEE 802.15.6 and IEEE 802.11e for wireless
healthcare networks. Ad Hoc & Sensor Wireless Networks, 2015; 26: 303–337. 
Rafique, N. P. M. , Devane, S. R. , and Akhtar, S. Detection of myocardial infarction using ensemble algorithm
and transfer learning. 2022 IEEE Region 10 Symposium (TENSYMP), Mumbai, India , 2022, pp. 1–6, doi:



10.1109/TENSYMP54529.2022.9864399 
Parveen, N. and Devane, S.R. , 2021. Efficient, Accurate and Early Detection of Myocardial Infarction Using
Machine Learning. In Disruptive Trends in Computer Aided Diagnosis (pp. 115–153). Chapman and Hall/CRC. 
Bonaca, M. P. , Gutierrez, J. A. , Creager, M. A. , Scirica, B. M. , Olin, J. , Murphy, S. A. , Braunwald, E. , and
Morrow, D. A. Acute limb ischemia and outcomes with vorapaxar in patients with peripheral artery disease:
Results from the trial to assess the effects of vorapaxar in preventing heart attack and stroke in patients with
atherosclerosis–thrombolysis in myocardial infarction 50 (TRA2 P-TIMI 50). Circulation, 2016 Mar 8; 133(10):
997–1005. 
Thomas, J. and Princy, R. T. Human heart disease prediction system using data mining techniques. 2016
International Conference on Circuit, Power and Computing Technologies (ICCPCT) , 2016 Mar 18, pp. 1–5,
IEEE. 
Learning, M. Heart disease diagnosis and prediction using machine learning and data mining techniques: A
review. Advances in Computational Sciences and Technology, 2017; 10(7): 2137–2159. 
Gowrishankar, S. , Prachita, M. Y. , and Prakash, A. IoT based heart attack detection, heart rate and
temperature monitor. International Journal of Computer Applications, 2017 Jul; 170(5): 26–30. 
Westwood, J.D. , Hoffman, H.M. , Robb, R.A. and Stredney, D. , Medicine meets virtual reality 02/10: digital
upgrades: Applying Moore’s Law to Health. 
Groennebaek, T. , Sieljacks, P. , Nielsen, R. , Pryds, K. , Jespersen, N. R. , Wang, J. , Carlsen, C. R. , Schmidt,
M. R. , de Paoli, F. V. , Miller, B. F. , and Vissing, K. Effect of blood flow restricted resistance exercise and
remote ischemic conditioning on functional capacity and myocellular adaptations in patients with heart failure.
Circulation: Heart Failure, 2019 Dec; 12(12): e006427. 
www.youtube.com/watch?v=2kLlhlsesRQ 
Jessup, M. and Antman, E. Reducing the risk of heart attack and stroke: The American Heart
Association/American College of Cardiology prevention guidelines. Circulation, 2014 Aug 5; 130(6): e48–e50. 
Revathi, J. and Anitha, J. A survey on analysis of ST-segment to diagnose coronary artery disease. 2017
International Conference on Signal Processing and Communication (ICSPC) , 2017 Jul 28, pp. 211–216, IEEE. 
Ahmed, W. and Khalid, S. ECG signal processing for recognition of cardiovascular diseases: A survey. 2016
Sixth International Conference on Innovative Computing Technology (INTECH) , 2016 Aug 24, pp. 677–682,
IEEE. 
Haritha, C. , Ganesan, M. , and Sumesh, E. P. A survey on modern trends in ECG noise removal techniques.
2016 International Conference on Circuit, Power and Computing Technologies (ICCPCT) , 2016 Mar 18, pp.
1–7, IEEE. 
Silverberg, J. I. Association between adult atopic dermatitis, cardiovascular disease, and increased heart
attacks in three population-based studies. Allergy, 2015 Oct; 70(10): 1300–1308. 
Tikotikar, A. and Kodabagi, M. A survey on technique for prediction of disease in medical data. 2017
International Conference on Smart Technologies For Smart Nation (SmartTechCon) , 2017 Aug 17, pp.
550–555, IEEE. 
Jabbar, M. A. , Deekshatulu, B. L. , and Chndra, P. Alternating decision trees for early diagnosis of heart
disease. International Conference on Circuits, Communication, Control and Computing , 2014 Nov 21, pp.
322–328, IEEE. 
Bonow, R. O. , Mann, D. L. , Zipes, D. P. , and Libby, P. Braunwald’s Heart Disease: A Textbook of
Cardiovascular Medicine, 9th ed. Philadelphia: Elsevier Science, 2011. 
Yusuf, S. , Hawken, S. , Ôunpuu, S. , Dans, T. , Avezum, A. , Lanas, F. , McQueen, M. , Budaj, A. , Pais, P. ,
Varigos, J. , and Lisheng, L. Effect of potentially modifiable risk factors associated with myocardial infarction in
52 countries (the INTERHEART study): Case-control study. The Lancet, 2004 Sep 11; 364(9438): 937–952. 
Egbe, A. C. , Connolly, H. M. , Miranda, W. R. , Ammash, N. M. , Hagler, D. J. , Veldtman, G. R. , and Borlaug,
B. A. Hemodynamics of Fontan failure: The role of pulmonary vascular disease. Circulation: Heart Failure, 2017
Dec; 10(12): e004515. 
Uchihashi, M. , Hoshino, A. , Okawa, Y. , Ariyoshi, M. , Kaimoto, S. , Tateishi, S. , Ono, K. , Yamanaka, R. ,
Hato, D. , Fushimura, Y. , and Honda, S. Cardiac-specific Bdh1 overexpression ameliorates oxidative stress
and cardiac remodeling in pressure overload–induced heart failure. Circulation: Heart Failure, 2017 Dec;
10(12): e004417. 
Khaw, K. T. and Barrett-Connor, E. Family history of heart attack: A modifiable risk factor? Circulation, 1986
Aug; 74(2): 239–244. 
Rafique, N. P. , Devane, S. R. , and Akhtar, S. Early detection of myocardial infarction using actual and
synthetic datasets. 2021 IEEE Bombay Section Signature Conference (IBSSC) , 2021 Nov 18, pp. 1–6, IEEE. 
Verma, P. , Sood, S. K. , and Kalra, S. Cloud-centric IoT based student healthcare monitoring framework.
Journal of Ambient Intelligence and Humanized Computing, 2018 Oct; 9(5): 1293–1309. 
Subramaniyam, M. , Singh, D. , Jin Park, S. , Eun Kim, S. , Joon Kim, D. , Nam Im, J. , Lee, K.-S. , and Nam
Min, S. IoT based wake-up stroke prediction–recent trends and directions. IOP Conference Series: Materials
Science and Engineering , 402, Oct. 2018, Art. no. 012045. 
Saheb, T. and Izadi, L. Paradigm of IoT big data analytics in the healthcare industry: A review of scientific
literature and mapping of research trends. Telematics Information, 2019 Aug; 41: 70–85.



Chui, K. T. , Liu, R. W. , Miltiadis Lytras, D. , and Zhao, M. Big data and IoT solution for patient behaviour
monitoring. Behaviour & Information Technology, 2019; 38, 940–949. 
Jagadeeswari, V. , Subramaniyaswamy, V. , Logesh, R. , and Vijayakumar, V. A study on medical Internet of
Things and big data in personalized healthcare system. Health Information Science and Systems, 2018 Dec;
6(1): 14. 
Ganesan, M. and Sivakumar, N. IoT based heart disease prediction and diagnosis model for healthcare using
machine learning models. Proceedings IEEE International Conference on System, Computation, Automation
and Networking (ICSCAN) , 2019 Mar, pp. 1–5. 
Kumar, P. M. and Devi Gandhi, U. A novel three-tier Internet of Things architecture with machine learning
algorithm for early detection of heart diseases. Computers & Electrical Engineering, 2018 Jan; 65: 222–235. 
Kamble, A. and Bhutad, S. IOT based patient health monitoring system with nested cloud security.
Proceedings Fourth International Conference Computing, Communication Automation (ICCCA) , Dec. 2018, pp.
1–5. 
Li, C. , Hu, X. , and Zhang, L. The IoT-based heart disease monitoring system for pervasive healthcare service.
Procedia Computer Science, 2017 Jan 1; 112: 2328–2334. 
Amin, S. U. , Agarwal, K. , and Beg, R. Genetic neural network based data mining in prediction of heart disease
using risk factors. 2013 IEEE Conference on Information & Communication Technologies , 2013 Apr 11, pp.
1227–1231, IEEE. 
https://www.mhealth.org/blog/2017/february-2017/five-things-to-know-about-angina 
https://www.mayoclinic.org/diseases-conditions/angina/symptoms-causes/syc-20369373 
Sharma, A. K. , Dar, M. I. , Iqbal, M. , and Tramboo, N. A. Gender-based differences in coronary artery disease:
A prospective observational study from a North Indian state. Heart India, 2020 Apr 1; 8(2): 85. 
https://www.medscape.com/answers/150215-69325/what-is-the-role-of-ecg-in-the-workup-of-angina-pectoris 
https://www.google.co.in/search?q=lad+blockages+in+percentage+initially+in+angina% 
https://www.cdc.gov/bloodpressure/about.htm 
https://www.healthline.com/health/heart-disease/can-you-die-from-angina#treatment 
Junghans, C. , Sekhri, N. , Zaman, M. J. , Hemingway, H. , Feder, G. S. , and Timmis, A. Atypical chest pain in
diabetic patients with suspected stable angina: Impact on diagnosis and coronary outcomes. European Heart
Journal–Quality of Care and Clinical Outcomes, 2015 Jul 1; 1(1): 37–43. 
Channamma, G. Age and Gender distribution in patients with acute Myocardial Infarction. Medica Innovatica
(Original Article), 2016 Jul; 5: 29–31. 
https://en.ecgpedia.org/wiki/Myocardial_Infarction#:~:text=In%20a%20myocardial%20infarction%20transmuralfi
nally%20pathologic%20Q%20waves%20develop 
https://patient.info/doctor/cardiac-enzymes-and-markers-for-myocardial-infarction 
Ohtsuki, S. Morimoto Tropnin-I. In Encyclopedia of Biological Chemistry (Second Edition), ScienceDirect 2013. 
Soyemi, S.S. , Faduyile, F.A. and Osuolale, F.I. , 2018. Fatal Myocardial Infarction: A Retrospective Autopsy
Study. Journal of Clinical & Diagnostic Research, 12 (1). 
https://timesofindia.indiatimes.com/life-style/health-fitness/health-news/when-should-you-start-worrying-about-
your-blood-pressure/articleshow/67643278.cms 
Leon, B. M. and Maddox, T. M. Diabetes and cardiovascular disease: Epidemiology, biological mechanisms,
treatment recommendations and future research. World Journal of Diabetes, 2015 Oct 10; 6(13): 1246. 
Gupta, R. , Rao, R. S. , Misra, A. , and Sharma, S. K. Recent trends in epidemiology of dyslipidemias in India.
Indian Heart Journal, 2017 May 1; 69(3): 382–392. 
https://my.clevelandclinic.org/health/articles/17385-heart-disease-prevention-and-reversal 
Sharma, M. and Ganguly, N. K. Premature coronary artery disease in Indians and its associated risk factors.
Vascular Health and Risk Management, 2005 Sep; 1(3): 217. 
https://www.medscape.com/answers/150215-69325/what-is-the-role-of-ecg-in-the-workup-of-angina-pectoris 
Bookshelf, N. C. A Service of the National Library of Medicine, National Institutes of Health. StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing, 2021. 
Korff, S. , Katus, H. A. , and Giannitsis, E. Differential diagnosis of elevated troponins. Heart, 2006 Jul 1; 92(7):
987–993. 
Parveen, Nusrat , Devane, S. R. , and Akthar, Shamim Synthetic datasets for myocardial infarction based on
actual datasets. International Journal of Application or Innovation in Engineering & Management (IJAIEM), 2021
May; 10(5): 093–101, ISSN 2319 - 4847. 
Di Franco, F. et al. The effect of body shape and gender on wireless Body Area Network on-body channels.
IEEE Middle East Conference on Antennas and Propagation (MECAP 2010) , Cairo, Egypt, 2010, pp. 1–3, doi:
10.1109/MECAP.2010.5724195 
Melillo, P. , De Luca, N. , Bracale, M. , and Pecchia, L. Classification tree for risk assessment in patients
suffering from congestive heart failure via long-term heart rate variability. IEEE Journal of Biomedical and
Health Informatics, 2013 May; 17(3): 727–733, doi: 10.1109/jbhi.2013.2244902. PMID: 24592473. 



Monitoring Operational Parameters in the Manufacturing Industry Using Web
Analytical Dashboards 
Hemlata, C. and Gulia, P. (2016). Big data analytics. Research Journal of Computer and Information
Technology Sciences, 4(2), pp. 1–4. 
Axryd, S. (2019). Why 85% of Big Data Projects Fail, www.digitalnewsasia.com/insights/why-85-big-data-
projects-fail [Accessed 10 September 2019]. 
Grainger, S. , Mao, F. , and Buytaert, W. (2016). Environmental data visualization for non-scientific contexts:
Literature review and design framework. Environmental Modelling and Software, 85, pp. 299–318. 
Wolfe, J. (2015). Teaching students to focus on the data in data visualization. Journal of Business and
Technical Communication, 29(3), pp. 344–359. 
Bleiholder, J. and Naumann, F. (2005). Declarative data fusion - syntax, semantics, and implementation. 9th
East European Conference on Advances in Databases and Information Systems (ADBIS 2005) , pp. 58–73,
Tallinn, Estonia, September 12–15, 2005 . 
Carreira, P. , Galhardas, H. , Lopes, A. , and Pereira, J. (2007). One-to-many data transformations through data
mappers. Data Knowledge Engineering, 62(3), pp. 483–503. 
Kakhani, M. K. , Kakhani, S. , and Biradar, S. R. (2015). Research issues in big data analytics. International
Journal of Application or Innovation in Engineering & Management, 2(8), pp. 228–232. 
Li, X. et al. (2015). Advanced aggregate computation for large data visualization. Proceedings of IEEE
Symposium on Large Data Analysis and Visualization , pp. 137, 138. 
Jin, X. , Wah, B. W. , Cheng, X. , and Wang, Y. (2015). Significance and challenges of big data research. Big
Data Research, 2(2), pp. 59–64. 
Kuo, M. H. , Sahama, T. , Kushniruk, A. W. , Borycki, E. M. , and Grunwell, D. K. (2014). Health big data
analytics: Current perspectives, challenges and potential solutions, International Journal of Big Data
Intelligence, 1, pp. 114–126. 
https://www.inventiva.co.in/trends/top-10-best-data-analytics-institutes-in-india-in-2023/ 
Das, T. K. and Kumar, P. M. (2013). Big data analytics: A framework for unstructured data analysis.
International Journal of Engineering and Technology, 5(1), pp. 153–156. 
Park, Y.-E. (2021). A data-driven approach for discovery of the latest research trends in higher education for
business by leveraging advanced technology and big data. The Journal of Education for Business, 96(5), pp.
291–298. 
Zhu, H. , Xu, Z. , and Huang, Y. (2015). Research on the security technology of big data information.
International Conference on Information Technology and Management Innovation , pp. 1041–1044. 
Valaskova, K. , Ward, P. , and Svabova, L. (2021). Deep learning-assisted smart process planning, cognitive
automation, and industrial big data analytics in sustainable cyber-physical production systems. Journal of Self-
Governance and Management Economics, 9(2), pp. 9–20. 
Cohen, J. , Dolan, B. , Dunlap, M. , Hellerstein, J. M. , and Welton, C. (2009). MAD skills: New analysis
practices for big data. Proceedings of the ACM VLDB Endowment, 2(2), pp. 1481–1492. 
Ary, D. , Jacobs, L. C. , Irvine, C. K. S. , and Walker, D. (2018). Introduction to research in education. Cengage
Learning. 
Al Sakka, F. A. (2014). Human capital development in special economic zones: The case of Dubai. University of
Salford (United Kingdom). 
Collis, J. and Hussey, R. (2013). Business research: A practical guide for undergraduate and postgraduate
students. Macmillan International Higher Education. 
Erickson, F. (2006). Definition and analysis of data from videotape: Some research procedures and their
rationales. Handbook of Complementary Methods in Education Research, 3, pp. 177–192. 
https://www.techtarget.com/searchbusinessanalytics/definition/business-intelligence-BI 
https://www.selecthub.com/business-intelligence/key-types-business-intelligence-tools/ 
Farrokhi, F. and Mahmoudi-Hamidabad, A. (2012). Rethinking convenience sampling: Defining quality criteria.
Theory & Practice in Language Studies, 2(4). 
Jebb, A. T. , Parrigon, S. , and Woo, S. E. (2017). Exploratory data analysis as a foundation of inductive
research. Human Resource Management Review, 27(2), pp. 265–276. 
Administration Industrially General Purveyance Organization -Commandment, Coordination Controlee , Paris
Dunned, 196. 
Vocationa Business: Training, Developing and Motivating People by Richard Barrett - Business & Economics ,
2003. 
https://www.simplilearn.com/tutorials/power-bi-tutorial/what-is-power-bi 
Wilder, R. T. , Flick, R. P. , Sprung, J. , Katusic, S. K. , Barbaresi, W. J. , Mickelson, C. , et al. (2009). Early
exposure to anesthesia and learning disabilities in a population-based birth cohort. Anesthesiology, 110, pp.
796–804. [PMC free article] [PubMed] [Google Scholar] 
https://www.teradata.com/Blogs/Benefits-of-Data-and-Analytics 
Sprent, P. (2003). Statistics in medical research. Swiss Medical Weekly, 133, pp. 522–529. [PubMed] [Google
Scholar]



https://www.simplilearn.com/data-visualization-tools-article 

 
Concurrent Line Perpendicular Distance Functions for Contour Point Analysis 
J. Wang , X. Bai , X. You , W. Liu , L. J. Latecki , Shape matching and classification using height functions,
Pattern Recognition Letters 33, 134–143 (2012). 
A. El-Ghazal , O. Basir , S. Belkasim , Farthest point distance: A new shape signature for Fourier descriptors,
Signal processing: Image Communication 24, 572–586 (2009). 
H. Ling , D. W. Jacobs , Shape classification using the inner-distance, IEEE Transactions on Pattern Analysis
and Machine Intelligence 29(2), 286–299 (February 2007). 
G. Amayeh , S. Kasaei , G. Bebis , A. Tavakkoli , K. Veropoulos , Improvement of Zernike moment descriptors
on affine transformed shapes, IEEE Conference, 1-4244-0779-6/07-2007. 
D. Wolter , L. J. Latecki , Shape matching for robot mapping, PRICAL: Pacific Rim International Conference on
Artificial Intelligence (2004). 
S. Lewin , X. Jiang , A. Clausing , Perceptually motivated shape evolution with shape-preserving property,
Pattern Recognition Letters 31(6), 447–453 (2010). 
H. Jiang , W. Liu , D. Wang , C. Tian , X. Bai , X. Liu , Y. Wu , W. Liu , CASE: Connectivity-based skeleton
extraction in wireless sensor networks, INFOCOM: IEEE International Conference on Computer
Communications 2916–2920 (2009). 
Z. Wang , M. Liang , Locally affine invariant descriptors for shape matching and retrival, IEEE Signal
Processing Letters 17(9), 803–806 (2010). 
J. Wang , Y. Li , X. Bai , Y. Zhang , C. Wang , N. Tang , Learning context sensetive similarity by shortest path
propagation, Pattern Recognition 44(10–11), 367–2374 (2011). 
M. Bicego , P. Lovato , A bioinformatics approach to 2D shape classification, Computer Vision and Image
Understanding 145, 59–69 (2016). 
N. Alajlan , I. E. Rube , M. S. Kamel , G. Freeman , Shape retrieval using triangle- area representation and
dynamic space warping, Pattern Recognition 40, 1911–1920 (2007). 
X. Tang , F. Lin , S. Samson , A. Remsen , Binary plankton image classification, IEEE Journal of Oceanic
Engineering 31(3), 728–735 (July 2006). 
Y. Shen , J. Yang , Y. Li , Finding Salient Points of Shape Contour for Object Recognition, Proceedings of the
2015 IEEE Conference on Robotics and Biomimetics Zhuhai, China, December 6–9, 2015. 
T. B. Sebastian , P. N. Klein , B. B. Kimia , Recognition of shapes by editing their shock graphs, IEEE
Transactions on Patterns Analysis Machine Intelligence 25, 116–125 (2004). 
L. J. Latecki , R. Lakamper , U. Eckhardt , Shape descriptors for non-rigid shape with a single closed contour.
CVPR International Conference on Computer Vision and Pattern Recognition, 424–429, 2000. 
R. Kumar , K. Mali , Local binary pattern for binary object classification using coordination number (CN)* and
Hu’s moments. 2021 9th International Conference on Reliability, Infocom Technologies and Optimization
(Trends and Future Directions) (ICRITO), 1–7, 2021, doi: 380 10.1109/ICRIT051393.2021.9596458 
R. Kumar , K. Mali , Fragment of binary object contour points on the basis of energy level for shape
classification. 2021 8th International Conference on Signal Processing and Integrated Networks (SPIN),
609–615, 2021, doi: 10.1109/SPIN52536.2021.9566080 
R. Kumar , K. Mali , Shape classification via contour matching using the perpendicular distance functions,
International Journal of Engineering and Applied Physics 1(2), 192198 (May 2021). 
S. Loncaric , A survey of shape analysis techniques, Pattern Recognition, 31(8), 983–1001 (1998). ISSN 0031-
3203, https://doi.org/10.1016/S0031-2023 (97)00122-2. 
R. Kumar , K. Mali , Concurrent lines perpendicular distance functions for contour points analysis. Available at
SSRN: https://ssrn.com/abstract=3998737 or https://doi.org/10.2139/ssrn.3998737 
R. Kumar , K. Mali , Local binary patterns of segments of a binary object for shape analysis, Journal of
Mathematical Imaging and Vision (2022). https://doi.org/10.1007/s10851-022-01130-x 
R. Kumar , K. Mali , Bond dissociation energy and pattern spectrum for shape classification. 2021 5th
International Conference on Electrical, Electronics, Communication, Computer Technologies and Optimization
Techniques (ICEECCOT) , Mysuru, India, 2021, 788–793, 2021. https://doi.org/10.1109/ICEEC-
COT52851.2021.9707936 
R. Kumar , K. Mali , A novel approach to edge detection and performance measure based on the theory of
“Range” and “Bowley’s Measure of Skewness” in a Noisy environment, Journal of Image Processing and
Pattern Recognition Progress 8(1), 31–38 (2021). 
R. Kumar , K. Mali . Binary shape segmentation and classification using coordination number (CN)*, Research
and Reviews: Discrete Mathematical Structures 8(1), 22–30 (2021). 
P. C. Mali , On morphological shape classification of discrete binary images using bivariate pattern spectrum,
Journal of the Calcutta Mathematical Society 12(2), 113–136 (2016).



A Resemblance of Convolutional Neural Network Architectures for Classifying
Ferrograph Images 
Biewald, L. (2020). Experiment Tracking with Weights and Biases. https://www.wandb.com/ 
Cao, W. , Chen, W. , Dong, G. , Wu, J. , & Xie, Y. (2014). Wear condition monitoring and working pattern
recognition of piston rings and cylinder liners using on-line visual ferrograph. Tribology Transactions, 57 (4),
690–699. 
Cao, W. , Dong, G. , Xie, Y.-B. , & Peng, Z. (2018). Prediction of wear trend of engines via on-line wear debris
monitoring. Tribology International, 120 , 510–519. 
Chollet, F. (2017). Xception: Deep learning with depthwise separable convolutions. Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition , 1251–1258. 
Deng, J. , Dong, W. , Socher, R. , Li, L.-J. , Li, K. , & Fei-Fei, L. (2009). Imagenet: A large-scale hierarchical
image database. 2009 IEEE Conference on Computer Vision and Pattern Recognition , 248–255. 
Fan, B. , Feng, S. , Che, Y. , Mao, J. , & Xie, Y. (2018). An oil monitoring method of wear evaluation for engine
hot tests. The International Journal of Advanced Manufacturing Technology, 94 (9), 3199–3207. 
Fan, B. , Li, B. , Feng, S. , Mao, J. , & Xie, Y.-B. (2017). Modeling and experimental investigations on the
relationship between wear debris concentration and wear rate in lubrication systems. Tribology International,
109 , 114–123. 
Fan, H. , Gao, S. , Zhang, X. , Cao, X. , Ma, H. , & Liu, Q. (2020). Intelligent recognition of ferrographic images
combining optimal CNN with transfer learning introducing virtual images. IEEE Access, 8 , 137074–137093. 
He, K. , Zhang, X. , Ren, S. , & Sun, J. (2016). Deep residual learning for image recognition. Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition , 770–778. 
Henneberg, M. , Eriksen, R. L. , Jørgensen, B. , & Fich, J. (2015). A quasi-stationary approach to particle
concentration and distribution in gear oil for wear mode estimation. Wear, 324 , 140–146. 
Howard, A. G. , Zhu, M. , Chen, B. , Kalenichenko, D. , Wang, W. , Weyand, T. , Andreetto, M. , & Adam, H.
(2017). Mobilenets: Efficient convolutional neural networks for mobile vision applications. ArXiv Preprint
ArXiv:1704.04861. 
Huang, G. , Liu, Z. , van der Maaten, L. , & Weinberger, K. Q. (2017). Densely connected convolutional
networks. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition , 4700–4708. 
Jia, F. , Yu, F. , Song, L. , Zhang, S. , & Sun, H. (2020). Intelligent classification of wear particles based on
deep convolutional neural network. Journal of Physics: Conference Series, 1519 (1), 012012. 
Kirk, T. B. , Panzera, D. , Anamalay, R. V. , & Xu, Z. L. (1995). Computer image analysis of wear debris for
machine condition monitoring and fault diagnosis. Wear, 181 , 717–722. 
Lin, M. , Chen, Q. , & Yan, S. (2013). Network in network. ArXiv Preprint ArXiv:1312.4400. 
Liu, Z. , Mao, H. , Wu, C.-Y. , Feichtenhofer, C. , Darrell, T. , & Xie, S. (2022). A convnet for the 2020s.
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, 11976–11986. 
Masters, D. , & Luschi, C. (2018). Revisiting small batch training for deep neural networks. ArXiv Preprint
ArXiv:1804.07612. 
More, P. P. , & Jaybhaye, M. D. (2022). Wear particles recognition through teachable machine. Industrial
Lubrication and Tribology. 74(2), 274–281. 
Myshkin, N. K. , Kwon, O. K. , Grigoriev, A. Y. , Ahn, H.-S. , & Kong, H. (1997). Classification of wear debris
using a neural network. Wear, 203 , 658–662. 
Peng, P. , & Wang, J. (2019a). FECNN: A promising model for wear particle recognition. Wear, 432 , 202968. 
Peng, P. , & Wang, J. (2019b). Wear particle classification considering particle overlapping. Wear, 422 ,
119–127. 
Peng, P. , & Wang, J. (2020). Ferrograph image classification. ArXiv Preprint ArXiv:2010.06777. 
Peng, Y. , Cai, J. , Wu, T. , Cao, G. , Kwok, N. , & Peng, Z. (2020). WP-DRnet: A novel wear particle detection
and recognition network for automatic ferrograph image analysis. Tribology International, 151 , 106379. 
Peng, Y. , Cai, J. , Wu, T. , Cao, G. , Kwok, N. , Zhou, S. , & Peng, Z. (2019). A hybrid convolutional neural
network for intelligent wear particle classification. Tribology International, 138 , 166–173. 
Peng, Z. , & Kirk, T. B. (1999). Wear particle classification in a fuzzy grey system. Wear, 225 , 1238–1247. 
Sandler, M. , Howard, A. , Zhu, M. , Zhmoginov, A. , & Chen, L.-C. (2018). Mobilenetv2: Inverted residuals and
linear bottlenecks. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition,
4510–4520. 
Simonyan, K. , & Zisserman, A. (2014). Very deep convolutional networks for large-scale image recognition.
ArXiv Preprint ArXiv:1409.1556. 
Srivastava, N. , Hinton, G. , Krizhevsky, A. , Sutskever, I. , & Salakhutdinov, R. (2014). Dropout: a simple way
to prevent neural networks from overfitting. The Journal of Machine Learning Research, 15 (1), 1929–1958. 
Szegedy, C. , Vanhoucke, V. , Ioffe, S. , Shlens, J. , & Wojna, Z. (2016). Rethinking the inception architecture
for computer vision. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition,
2818–2826. 
Tan, M. , & Le, Q. (2019). Efficientnet: Rethinking model scaling for convolutional neural networks.
International Conference on Machine Learning , 6105–6114.



Thomas, A. D. H. , Davies, T. , & Luxmoore, A. R. (1991). Computer image analysis for identification of wear
particles. Wear, 142 (2), 213–226. 
Wang, S. , Wu, T. H. , Shao, T. , & Peng, Z. X. (2019). Integrated model of BP neural network and CNN
algorithm for automatic wear debris classification. Wear, 426 , 1761–1770. 
Wang, S. , Wu, T. , & Wang, K. (2021). Automated 3D ferrograph image analysis for similar particle
identification with the knowledge-embedded double-CNN model. Wear, 476 , 203696. 
Wu, H. , Kwok, N. M. , Liu, S. , Li, R. , Wu, T. , & Peng, Z. (2019). Restoration of defocused ferrograph images
using a large kernel convolutional neural network. Wear, 426 , 1740–1747. 
Wu, T. , Peng, Y. , Wu, H. , Zhang, X. , & Wang, J. (2014). Full-life dynamic identification of wear state based
on on-line wear debris image features. Mechanical Systems and Signal Processing, 42 (1–2), 404–414. 
Xie, F. , & Wei, H. (2022). Research on controllable deep learning of multi-channel image coding technology in
Ferrographic Image fault classification. Tribology International, 173 , 107656. 

 
The Role of Artificial Intelligence and the Internet of Things in Smart Agriculture
towards Green Engineering 
A. Faid , M. Sadik , E. Sabir 2022. An agile AI and IoT-augmented smart farming: A cost-effective cognitive
weather station. Agriculture 12, 35. https://doi.org/10.3390/agriculture12010035 
S. Katiyar , A. Farhana 2021. Smart agriculture: The future of agriculture using AI and IoT. Journal of Computer
Science, 17 10, 984–999. https://doi.org/10.3844/jcssp.2021.984.999 
S. Tajik , S. Ayoubi , F. Nourbakhsh 2012. Prediction of soil enzymes activity by digital terrain analysis:
Comparing artificial neural network and multiple linear regression models. Environmental Engineering Science,
29 8, 798–806. 
E. R. Levine , D. S. Kimes , V. G. Sigillito 1996. Classifying soil structure using neural networks. Ecological
Modelling, 92 1, 101–108, https://10.1007/978-1-4615-5289-5_2 
M. Bilgili 2011. The use of artificial neural network for forecasting the monthly mean soil temperature in Adana,
Turkey. Turkish Journal of Agriculture and Forestry, 35 1, 83–93. https://doi.org/10.48084/etasr.2756 
Z. Zhao , T. L. Chow , H. W. Rees , Q. Yang , Z. Xing , F. R. Meng 2009. Predict soil texture distributions using
an artificial neural network model. Computers and Electronics in Agriculture, 65 1, 36–48.
https://doi.org/10.1016/j.compag.2008.07.008 
A. Elshorbagy , K. Parasuraman 2008. On the relevance of using artificial neural networks for estimating soil
moisture content. Journal of Hydrology, 362 1–2, 1–18. https://doi.org/10.1016/j.jhydrol.2008.08.012 
D. H. Chang , S. Islam 2000. Estimation of soil physical properties using remote sensing and artificial neural
network. Remote Sensing of Environment, 74 3, 534–544. https://doi.org/10.1016/S1002-0160(12)60025-3 
T. Behrens , H. Forster , T. Scholten , U. Steinrucken , E. D. Spies , M. Goldschmitt 2005. Digital soil mapping
using artificial neural networks. Journal of Plant Nutrition and Soil Science, 168 1, 21–33.
https://doi.org/10.1002/jpln.200421414 
Yuanyuan Zhou , Qing Xia , Zichen Zhang , Mengqi Quan , Haoran Li , 2022. Artificial intelligence and machine
learning for the green development of agriculture in the emerging manufacturing industry in the IoT platform.
Acta Agriculturae Scandinavica, Section B — Soil & Plant Science, 72 1, 284–299.
https://doi.org/10.1080/09064710.2021.2008482 
Tanha Talaviya , Dhara Shah , Nivedita Patel , Hiteshri Yagnik , Manan Shah , 2020. Implementation of artificial
intelligence in agriculture for optimization of irrigation and application of pesticides and herbicides. Artificial
Intelligence in Agriculture, 4, 58–73 https://doi.org/10.1016/j.aiia.2020.04.002 
V. Martos , A. Ahmad , P. Cartujo , J. Ordoñez 2021. Ensuring agricultural sustainability through remote
sensing in the era of agriculture 5.0. Applied Sciences, 11, 5911. https://doi.org/10.3390/app11135911 
N. Navatha , D.A.R. Devi 2020. Artificial intelligence- a new era in agriculture. Vigyan Varta, 1 3, 52–55.
https://www.vigyanvarta.com/adminpanel/upload_doc/VV_0720_15a.pdf 
Rayda Ben Ayed , Mohsen Hanana 2021. Artificial intelligence to improve the food and agriculture sector.
Journal of Food Quality, 7. https://doi.org/10.1155/2021/5584754 
I. A. Magomedov , M. S.-U. Khaliev , L. V. Ibragimova 2020. The need for introducing new technology in
agriculture to ensure a sustainable future. IOP Conference Series: Earth and Environmental Science , 548,
032026. https://doi.org/10.1088/1755-1315/548/3/032026 
Akshaya Gambhire , Shaikh Mohammad , N. Bilal 2020. Use of artificial intelligence in agriculture (2020).
Proceedings of the 3rd International Conference on Advances in Science & Technology (ICAST) .
https://doi.org/10.2139/ssrn.3571733 
Deepak G. Panpatte 2018. Artificial Intelligence in Agriculture: An Emerging Era of Research, Conference:
Intuitional Science, Canada.
https://www.researchgate.net/publication/328555978_Artificial_Intelligence_in_Agriculture_An_Emerging_Era_
of_Research



Rahul Kumar , Shipra Yadav , Mukesh Kumar , Jitendra Kumar , Monu Kumar 2020. Artificial Intelligence: new
technology to improve Indian agriculture. International Journal of Chemical Studies 8 2, 2999–3005.
https://doi.org/10.22271/chemi.2020.v8.i2at.9208 
I. Kumar , J. Rawat , N. Mohd , S. Husain 2021. Opportunities of artificial intelligence and machine learning in
the food industry. Journal of Food Quality, 1–9. https://doi.org/10.1155/2021/4535567 
K. S. Sidhu , A. S. Gill , A. Arora , R. Singh , G. Singh , M. K. Verma , B. Kaur 2021. Advancements in farming
and related activities with the help of artificial intelligence: A review. ECJ, 22, 55–62.
https://doi.org/10.36953/ECJ.2021.SE.2206 
N. C. Eli-Chukwu 2019. Applications of artificial intelligence in agriculture: A review. Engineering, Technology &
Applied Science Research, 9 4, 4377–4383. https://doi.org/10.48084/etasr.2756 
K. Balleda , D. Satyanvesh , N. V. S. S. P. Sampath , K. T. N. Varma , P. K. Baruah 2014. Agpest: An Efficient
Rule-Based Expert System to Prevent Pest Diseases of Rice & Wheat Crops. 8th International Conference on
Intelligent Systems and Control , Coimbatore, India, January 10–11 . 
J. Jesus , T. Panagopoulos , A. Neves 2008. Fuzzy Logic and Geographic Information Systems for Pest Control
in Olive Culture. 4th IASME/WSEAS International Conference on Energy, Environment, Ecosystems &
Sustainable Development , Algarve, Portugal, June 11–13 . 
S. Kolhe , R. Kamal , H. S. Saini , G. K. Gupta 2011. A web-based intelligent disease-diagnosis system using a
new fuzzy-logic based approach for drawing the interferences in crops. Computers and Electronics in
Agriculture, 76 1, 16–27. 
S. Kolhe , R. Kamal , H. S. Saini , G. K. Gupta 2011. An intelligent multimedia interface for fuzzy-logic based
inference in crops. Expert Systems with Applications, 38 12, 14592–14601. 
M. Y. Munirah , M. Rozlini , Y. M. Siti 2013. An Expert System Development: Its Application on Diagnosing
Oyster Mushroom Diseases. 13th International Conference on Control, Automation and Systems , Gwangju,
South Korea, October 20–23 , https://docplayer.net/158761216-Applications-of-artificial-intelligence-in-
agriculture-a-review.html 
G. Liu , X. Yang , Y. Ge , Y. Miao 2006. An Artificial Neural Network–Based Expert System for Fruit Tree
Disease and Insect Pest Diagnosis. International Conference on Networking, Sensing and Control , Lauderdale,
USA, April 23–25 , https://doi.org/10.48084/etasr.2756 
F. Siraj , N. Arbaiy 2006. Integrated Pest Management System Using Fuzzy Expert System. Knowledge
Management International Conference & Exhibition , Kuala Lumpur, Malaysia, June 6–8 . 
Carl Johan Casten Carlberg & Elsa Jerhamre Uppsala , 2021. Artificial Intelligence in Agriculture Opportunities
and Challenges, UPTEC STS 21018. https://media.jordbrukstekniskaforeningen.se/2022/05/Artificial-
Intelligence-in-Agriculture_final_thesis-1.pdf 
Anu Jose , S. Nandagopalan , Chandra Mouli Venkata , Srinivas Akana , 2021. Artificial Intelligence Techniques
for Agriculture Revolution: A Survey. Annals of R.S.C.B., ISSN: 1583-6258, 25 4, 2580–2597. 
Yogesh Awasthi 2020. Press “A” for artificial intelligence in agriculture: A review. JOIV, 4 3, 112–116. 
Sanjiv Sharma , Jashandeep Singh 2020. A review on usage and expected benefits of artificial intelligence in
agriculture sector. International Journal of Advanced Science and Technology, 29, 1078–1085.
https://www.academia.edu/43357425/A_Review_on_Usage_and_Expected_Benefits_of_Artificial_Intelligence_i
n_Agriculture_Sector 
W. S. Kim , W. S. Lee , Y. J. Kim 2020. A review of the applications of the Internet of Things (IoT) for
agricultural automation. Journal of Biosystems Engineering, 45, 385–400. https://doi.org/10.1007/s42853-020-
00078-3 
Lalit Kumar , Prasant Ahlawat , Pradeep Rajput , R. I. Navsare , Pradeep Kumar Singh 2021. Internet of things
(IoT) for smart precision farming and agricultural systems productivity: A review. International Journal of
Engineering Applied Sciences and Technology, 5 9, ISSN No. 2455-2143, 141–146.
https://doi.org/10.33564/IJEAST.2021.v05i09.022 
Muthumanickam Dhanaraju , Poongodi Chenniappan , Kumaraperumal Ramalingam , Sellaperumal
Pazhanivelan , Ragunath Kaliaperumal 2022. Smart farming: Internet of Things (IoT)-based sustainable
agriculture. Agriculture 12, 1745. https://doi.org/10.3390/agriculture12101745 
Rakesh Kumar Saini & Chandra Prakash , 2020. Internet of Things (IoT) for agriculture growth using wireless
sensor networks. Global Journal of Computer Science and Technology: E Network, Web & Security, 20 2.
https://globaljournals.org/GJCST_Volume20/4-Internet-of-Things-IoT-for-Agriculture.pdf 
A. Sagheer , M. Mohammed , K. Riad , M. Alhajhoj 2021. A cloud-based IoT Platform for precision control of
soilless greenhouse cultivation. Sensors, 21 1, 223. https://doi.org/10.3390/s21010223 
J. G. Gujar , Sonali Kadam , Ujwal D. Patil , 2022. Recent Advances of Artificial Intelligence (AI) for
Nanobiomedical Applications, ed. Swati V. Shinde , Parikshit N. Mahalle , Varsha Bendre , Oscar Castillo,
1–14. 1st pub, CRC Press. 
Raja Venkatesh Gurugubelli , Dilleswararao Nettimi , Vidya Sagar Gorle , Sairam Panda , Anil Kumar Navuluri ,
Rosepreet Kaur Bhogal , 2021. Internet of Things based smart agricultural system for farmers. International
Journal of Scientific Research in Computer Science, Engineering and Information Technology, 7 3, 535–540.
https://doi.org/10.32628/CSEIT2172142 
Meghna Raj , Shashank Gupta , Vinay Chamola , et al. 2021. A survey on the role of Internet of Things for
adopting and promoting Agriculture 4.0. Journal of Network and Computer Applications, 187 11.



https://doi.org/10.1016/j.jnca.2021.103107 
P. K. R. Maddikunta , S. Hakak , M. Alazab , S. Bhattacharya , T. R. Gadekallu , W. Z. Khan , Q. V. Pham 2021.
Unmanned aerial vehicles in smart agriculture: Applications, requirements, and challenges. IEEE Sensors
Journal, 21 16, 17608–17619. https://doi.org/10.1109/JSEN.2021.3049471 
Monu Bhagat , Deobrata Kumar , Dilip Kumar 2019. Role of Internet of Things (IoT) in Smart Farming: A Brief
Survey. https://doi.org/10.1109/DEVIC.2019.8783800 
Muhammad Ayaz , Mohammad Ammad-Uddin , Zubair Sharif , Ali Mansour , El-Hadi M. Aggoune 2019. IoT-
based smart agriculture: Toward making the fields talk. IEEE Accesss, 7, 129551–129583.
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8784034 
V. Suma 2021. Internet of Things (IoT) based smart agriculture in India: An overview, Journal of ISMAC, 3 1,
1–15. https://doi.org/10.36548/jismac.2021.1.001 
V. B. Kirubanand , V. Rohini , V. Laxmankumar 2021. Internet of Things in agriculture to revolutionize traditional
agricultural industry. ITM Web Conference, 37, 01018. https://doi.org/10.1051/itmconf/20213701018 
Vippon Preet Kour , Sakshi Arora 2020. Recent developments of the Internet of Things in agriculture: A survey.
IEEE Access, 8, 129924–129957. https://doi.org/10.1109/ACCESS.2020.3009298 
Lalit Kumar , S. Srinivasan , M. Varsha , Prachi Gupta , Tipu Sultan , Rudra Mohan 2021. Future of the internet
of things (IoT): agriculture using geospatial technology. Turkish Journal of Physiotherapy and Rehabilitation, 32
3, 11725–11734. 
Nawab Khan , Ram L. Ray , Ghulam Raza Sargani , Sohaib Ismail 2021. Current progress and future prospects
of agriculture technology: Gateway to sustainable agriculture, Sustainability, 3 9.
https://doi.org/10.3390/su13094883 
Eissa Alreshidi 2019. Smart Sustainable Agriculture (SSA) solution underpinned by Internet of Things (IoT) and
Artificial Intelligence (AI). International Journal of Advanced Computer Science and Applications, 10 5.
https://doi.org/10.14569/IJACSA.2019.0100513 
I. M. Nasir , A. Bibi , J. H. Shah , M. A. Khan , M. Sharif , K. Iqbal , Y. Nam , S. Kadry 2021. Deep learning-
based classification of fruit diseases: An application for precision agriculture. CMC-Computers Materials &
Continua, 66 2, 1949–1962. https://doi.org/10.32604/cmc.2020.012945 

 
Intuitionistic Fuzzy Hypergraphs and Their Operations 
A. Kaufmann , An introduction to theory of fuzzy sub sets, vol. 1, Academic Press, New York, 1975. 
A. Nagoor Gani and S. Shajitha Begum , Order and size in intuitionistic fuzzy graphs. International Journal of
Algorithms, Computing and Mathematics, 3 3, 2010, 137–149. 
A. Rosenfeld , Fuzzy graph, in: L.A. Zadeh , K.S. Fu , and M. Shimura (Eds.), Fuzzy sets and their applications
to cognitive and decision process, Academic Press, New York, 1975, pp. 77–95. 
K. Atanassov , On index matrix interpretations of intuitionistic fuzzy graphs. Notes on Intuitionistic Fuzzy Sets,
8(4), 2002, 73–78. 
K.T. Atanassov On intuitionistic fuzzy sets theory, Springer, Berlin, 2012. 
C. Berge , Graphs and hyper-graphs, North-Holland, Amsterdam, 1976. 
J.A. Bondy and U.S.R. Murthy Graph theory with applications, American Elseiver Publishing Co., New York,
1976. 
H. Bustine and P. Burillo , Vague sets are intuitionistic fuzzy-sets. Fuzzy-Sets and Systems, 79 (3), 1996,
403–405. 
K.T. Atanassov , Intuitionistic fuzzy-sets. Fuzzy-Sets and Systems, 20 (1), 1986, 87–96. 
K. T. Atanassov , New operations defined over the intuitionistic fuzzy-sets. Fuzzy-Sets and Systems, 61 (2),
1994, 137–142. 
M.G. Karunambigai and R. Parvathi , “Intuitionistic Fuzzy Graphs”, Proceedings of 9th Fuzzy Days International
Conference on Computational Intelligence , Springer-Verlag, 20 2006, 139–150. 
L.A. Zadeh , Fuzzy sets. Information and Control 8, 1965, 338–353. 
A. Nagoor Gani and S. Shajitha Begum , Degree, order and size in intuitionistic fuzzy graphs. International
Journal of Algorithm, Computing and Mathematics, 33 August 2011, 312–321. 
R. Parvathi , S. Thilagavathi M. G. Karunambigai Operations on intuitionistic fuzzy hypergraphs. International
Journal of Computer Applications, 51(5), 2012 46–54. 
R. Parvathi , M. G. Karunambigai and K. Atanassov , “Operations on Intuitionistic Fuzzy Graphs”, Proceedings
if IEEE International Conference on Fuzzy Systems (FUZZ-IEEE) , August 2009, 1396–1401. 
R. Parvathi and M. G. Karunambigai , “Operations on Intuitionistic Fuzzy Graphs”, Proceedings of FUZZ-IEEE
2009, South Korea, 2009, 1396–1401. 
N. Yogeesh , A conceptual discussion about an intuitionistic fuzzy-sets and its applications. International
Journal of Advanced Research in IT and Engineering 1(6) 2012, 45–56. (ISSN: 2278-6244). 
N. Yogeesh , Illustrative study on intuitionistic fuzzy hyper-graphs and dual-intuitionistic fuzzy hyper-graphs.
International Journal of Engineering, Science and Mathematics, 2(1) 2013, 255–264.



N. Yogeesh , Operations on intuitionistic fuzzy directed graphs. Journal of Advances and Scholarly Researches
in Allied Education(JASRAE), 3(6) 2012, 1–4, www.ignited.in/p/305246 
N. Yogeesh , Study on hypergraphs and directed hypergraphs. Journal of Advances and Scholarly Researches
in Allied Education(JASRAE), 5(10) 2013, 1–5(5), www.ignited.in/p/305247 

 
Spammer Detection Based on a Heterogeneous Multiple-mini-graph Neural
Network 
Z. Guo , Y. Shen , A.K. Bashir , M. Imran , N. Kumar , D. Zhang , and K. Yu “Robust spammer detection using
collaborative neural network in internet of thing applications,” IEEE Internet Things Journal IEEE 19 June 2020.
https://doi.org/10.1109/JIOT.2020.3003802 (2020) 
W. Herzallah , H. Faris , and O. Adwan “Feature engineering for detecting spammers on Twitter: Modelling and
analysis,” Journal of Information Science, 4230–4247. First Published Jan. 9, 2017 Research Article.
https://doi.org/10.1177/0165551516684296 (2018) 
N. Hussain , H. Turab Mirza , I. Hussain , F. Iqbal , and I. Memon “Spam review detection using the linguistic
and spammer behavioral methods,” IEEE Access, vol. 8, pp. 53801–53816.
https://doi.org/10.1109/ACCESS.2020.2979226 (2020) 
K. Jairam Naik , Siddharth Chandra , and Paras Agarwal “Dynamic workflow scheduling in the cloud using a
neural network-based multi-objective evolutionary algorithm,” International Journal of Communication Networks
and Distributed Systems, vol. 27, no. 4, pp. 424–451. https://doi.org/10.1504/IJCNDS.2021.10040231 (2021b) 
K. Jairam Naik and Avani Mishra “Filter Selection for Speaker Diarization using Homomorphism: Speaker
Diarization”, Artificial Neural Network Applications in Business and Engineering (300919-093756), Chapter
https://doi.org/10.4018/978-1-7998-3238-6.ch005, IGI Global Publishers, (2020) 
K. Jairam Naik , Mounish Pedagandham , and Amrita Mishra “Workflow scheduling optimization for distributed
environment using artificial neural networks and reinforcement learning (WfSo_ANRL)”, International Journal of
Computational Science and Engineering (IJCSE), vol. 24, no. 6, pp. 653–670.
https://doi.org/10.1504/IJCSE.2021.10041146 (2021a) 
Li Kuang , Huan Zhang , Ruyi Shi , Zhifang Liao , and Xiaoxian Yang “A spam worker detection approach
based on heterogeneous network embedding in crowd sourcing platforms,” Computer Networks Volume, vol.
183, no. 24, p. 107587 Dec. 2020. https://doi.org/10.1016/j.comnet.2020.107587 (2020). 
A. Li , Z. Qin , R. Liu , Y. Yang , and D. Li “Spam review detection with graph convolutional networks,” in
Proceedings of the 28th ACM International Conference on Information and Knowledge Management , Beijing,
China, ACM, pp. 2703–2711. https://dl.acm.org/doi/abs/10.1145/3357384.3357820 (2019) 
C.Y. Lin “A reversible privacy-preserving clustering technique based on k-means algorithm,” Applied Soft
Computing, vol. 87, p. 105995 Feb. 2020. https://doi.org/10.1016/j.asoc.2019.105995 (2020) 
Y. Liu , B. Pang , and X. Wang “Opinion spam detection by incorporating multimodal embedded representation
into a probabilistic review graph,” Neurocomputing, vol. 366, no. 2019, pp. 276–283 (2019) 
A.C. Pandey and D.S. Rajpoot . “Spam review detection using spiral cuckoo search clustering method,”
Evolutionary Intelligence, vol. 12 (2) IEEE, pp. 147–164 (2019) 
V. Ranjbar , M. Salehi , P. Jandaghi , and M. Jalili “QANet: Tensor decomposition approach for query-based
anomaly detection in heterogeneous information networks,” in IEEE Transactions on Knowledge and Data
Engineering , vol. 31, no. 11, pp. 2178–2189, 1 Nov. 2019 . https://doi.org/10.1109/TKDE.2018.2873391 (2019) 
S. Rathore , V. Loia , and J. H. Park “SpamSpotter: An efficient spammer detection framework based on
intelligent decision support system on Facebook,” Applied Soft Computing, vol. 67, pp. 920–932. Volume 67,
June 2018, Page 920–932. https://doi.org/10.1016/j.asoc.2017.09.032 (2018) 
Z. Wu , S. Pan , F. Chen , G. Long , C. Zhang and P. S. Yu , “A Comprehensive Survey on Graph Neural
Networks,” in IEEE Transactions on Neural Networks and Learning Systems , vol. 32, no. 1, pp. 4–24 Jan.
2021, https://doi.org/10.1109/TNNLS.2020.2978386 (2021) 
L. You , Q. Peng , Z. Xiong , D. He , M. Qiu , and X. Zhang “Integrating aspect analysis and local outlier factor
for intelligent review spam detection,” Future Generation Computer Systems, vol. 102, pp. 163–172.
https://doi.org/10.1016/j.future.2019.07.044 (2020). 
LiangguiTang ZhiweiGuo , Keping Yu TanGuo , Mamoun Alazab and Andrii Shalaginov , “Deep Graph neural
network-based spammer detection under the perspective of heterogeneous cyberspace,” Future Generation
Computer Systems, vol. 117, pp. 205–218 April 2021, https://doi.org/10.1016/j.future.2020.11.028 (2021) 

 



Spam Email Classification Using Meta-heuristic Algorithms 
Abualigah, L. M. , Khader, A. T. , & Hanandeh, E. S. (2018). A combination of objective functions and hybrid
krill herd algorithm for text document clustering analysis. Engineering Applications of Artificial Intelligence, 73 ,
111–125. 
Batra, J. , Jain, R. , Tikkiwal, V. A. , & Chakraborty, A. (2021). A comprehensive study of spam detection in
emails using bio-inspired optimization techniques. International Journal of Information Management Data
Insights, 1 (1), 100006. 
El Aassal, A. , Baki, S. , Das, A. , & Verma, R. M. (2020). An in-depth benchmarking and evaluation of phishing
detection research for security needs. IEEE Access, 8 , 22170–22192. 
Emary, E. , Zawbaa, H. M. , & Hassanien, A. E. (2016). Binary ant lion approaches for feature selection.
Neurocomputing, 213 , 54–65. 
Guo, D. , & Chen, C. (2014). Detecting non-personal and spam users on geo-tagged Twitter network.
Transactions in GIS, 18 (3), 370–384. 
Hosseinalipour, A. , Gharehchopogh, F. S. , Masdari, M. , & Khademi, A. (2021). A novel binary farmland
fertility algorithm for feature selection in analysis of the text psychology. Applied Intelligence, 51 (7),
4824–4859. 
Hu, H. , & Wang, G. (2018). Revisiting email spoofing attacks. arXiv preprint arXiv:1801.00853. 
Karim, A. , Azam, S. , Shanmugam, B. , Kannoorpatti, K. , & Alazab, M. (2019). A comprehensive survey for
intelligent spam email detection. IEEE Access, 7 , 168261–168295. 
Méndez, J. R. , Cotos-Yañez, T. R. , & Ruano-Ordás, D. (2019). A new semantic-based feature selection
method for spam filtering. Applied Soft Computing, 76 , 89–104. 
Mirjalili, S. (2015). Moth-flame optimization algorithm: A novel nature-inspired heuristic paradigm. Knowledge-
based Systems, 89 , 228–249. 
Mirjalili, S. (2016). Dragonfly algorithm: A new meta-heuristic optimization technique for solving single-objective,
discrete, and multi-objective problems. Neural Computing and Applications, 27 (4), 1053–1073. 
Mirjalili, S. , Mirjalili, S. M. , & Hatamlou, A. (2016). Multi-verse optimizer: A nature-inspired algorithm for global
optimization. Neural Computing and Applications, 27 (2), 495–513. 
Mostafa, R. , Norizan, M. Y. , & Gazi, M. A. (2010). Impact of spam advertisement through email: A study to
assess the influence of the anti-spam on the email marketing. African Journal of Business Management, 4 (11),
2362–2367. 
Naik, K. J. , Pedagandam, M. , & Mishra, A. (2021). Workflow scheduling optimisation for distributed
environment using artificial neural networks and reinforcement learning. International Journal of Computational
Science and Engineering, 24 (6), 653–670. 
Papa, J. P. , Rosa, G. H. , de Souza, A. N. , & Afonso, L. C. (2018). Feature selection through binary brain
storm optimization. Computers & Electrical Engineering, 72 , 468–481. 
Rajamohana, S. P. , & Umamaheswari, K. (2018). Hybrid approach of improved binary particle swarm
optimization and shuffled frog leaping for feature selection. Computers & Electrical Engineering, 67 , 497–508. 
Saab, S. A. , Mitri, N. , & Awad, M. (2014, April). Ham or spam? A comparative study for some content-based
classification algorithms for email filtering. In MELECON 2014-2014 17th IEEE Mediterranean Electrotechnical
Conference (pp. 339–343). IEEE. 
Saleh, A. J. , Karim, A. , Shanmugam, B. , Azam, S. , Kannoorpatti, K. , Jonkman, M. , & Boer, F. D. (2019). An
intelligent spam detection model based on artificial immune system. Information, 10 (6), 209. 
Sankhwar, S. , Pandey, D. , & Khan, R. A. (2019). Email phishing: An enhanced classification model to detect
malicious URLs. EAI Endorsed Transactions on Scalable Information Systems, 6 (21), 1–12. 
Saremi, S. , Mirjalili, S. , & Lewis, A. (2017). Grasshopper optimisation algorithm: Theory and application.
Advances in Engineering Software, 105 , 30–47. 
Shajideen, N. M. , & Bindu, V. (2018, March). Spam filtering: A comparison between different machine learning
classifiers. In 2018 Second International Conference on Electronics, Communication and Aerospace
Technology (ICECA) (pp. 1919–1922). IEEE. 
Sharaff, A. , & Srinivasarao, U. (2020, January). Towards classification of email through selection of informative
features. In 2020 First International Conference on Power, Control and Computing Technologies (ICPC2T) (pp.
316–320). IEEE. 
Srinivasan, S. , Ravi, V. , Alazab, M. , Ketha, S. , Al-Zoubi, A. M. , & KottiPadannayil, S. (2021). Spam emails
detection based on distributed word embedding with deep learning. In Machine intelligence and big data
analytics for cybersecurity applications (pp. 161–189). Springer, Cham. 
Srinivasarao, U. , & Sharaff, A. (2021). Sentiment analysis from email pattern using feature selection algorithm.
Expert Systems, e12867, 1–13. 
Srinivasarao, U. , & Sharaff, A. (2022). Email thread sentiment sequence identification using PLSA clustering
algorithm. Expert Systems with Applications, 193, 116475. 
Srinivasarao, U. , Sharaff, A. , & Sinha, G. R. (2021). Introduction to data science: Review, challenges, and
opportunities. Data Science and Its Applications, 1–13. 
Wang, M. , & Lu, G. (2021). A modified sine cosine algorithm for solving optimization problems. IEEE Access, 9
, 27434–27450.



Zhang, Y. , Gong, D. W. , Gao, X. Z. , Tian, T. , & Sun, X. Y. (2020). Binary differential evolution with self-
learning for multi-objective feature selection. Information Sciences, 507 , 67–85. 

 
A Blockchain Model for Land Registration Properties in Metro Cities 
Zevenbergen, Jaap . 2002. Systems of land registration aspects and effects. Publications on Geodesy, 51. 
Wüst, Karl , and Arthur Gervais . 2018. Do you need a Blockchain?. 2018 Crypto Valley Conference on
Blockchain Technology (CVCBT). IEEE. 
Dobhal, A. , and M. Regan . 2016. Immutability and Auditability: The Critical Elements in Property Rights
Registries. Annual World Bank Conference on Land and Property. Annual World Bank Conference on Land and
Property. 
Ratan, N. 2018. Blockchain: The next innovation to make our cities smarter. India: Price Water Cooper Pvt. Ltd. 
Swan, M. 2017. Anticipating the economic benefits of blockchain. Technology Innovation Management Review,
7(10) October 2017. 
Roman Beck, IT , Jacob Stenum Czepluch Nikolaj Lollike . 2016. Blockchain – The Gateway to Trustfree
Cryptographic Transactions, Twenty-Fourth European Conference on Information Systems (ECIS), İstanbul,
Turkey. 
Chavez-Dreyfuss, G. 2016. Sweden tests blockchain technology for land registry, Reuters, June, vol. 16. 
Anand, M. McKibbin , and F. Pichel . Colored Coins: Bitcoin, Blockchain, and Land Administration. Annual
World Bank Conference on Land and Poverty, Washington DC, March 20–24, 2017 . 
D. Govt. Dubai land . [Online]. Available: https://www.dubailand.gov.ae/English/Pages/Blockchain.aspx 
Humdullah, S. , S. H. Othman , M. N. Razali , and H. K. Mammi . Secured data storage framework for land
registration using blockchain technology. 2021 3rd International Cyber Resilience Conference (CRC), pp. 1–6,
IEEE, 2021. 
Sharma, R. , Y. Galphat , E. Kithani , J. Tanwani , B. Mangnani , and N. Achhra . Digital land registry system
using blockchain, SSRN 3866088, 2021. 
Ullah, F. , and F. Al-Turjman . 2021. A conceptual framework for blockchain smart contract adoption to manage
real estate deals in smart cities. Neural Computing and Applications, 35, 1–22. 
UAE government launches blockchain strategy 2021 — cointelegraph, Available at:
https://cointelegraph.com/news/uae-government-launches-blockchain-strategy-2021 
Abdullah, M. , Walter Timo De Vries , and Zahir Ali 2020. Assessing the performance of land administration
system in Punjab after land records computerization. Conference: 2020 World Bank Conference on Land and
Poverty At: The World Bank-Washington DC, pp. 1–24, Washington. 
San, Kiu Mee , Chia Fah Choy , Wong Phui Fung . 2019. The Potentials and Impacts of Blockchain Technology
in the Construction Industry: A Literature Review. IOP Conference Series: Materials Science and Engineering,
Volume 495, 11th Curtin University Technology, Science and Engineering (CUTSE) International Conference
26–28 November 2018, Sarawak, Malaysia 
Ramage, M. “From BIM and Blockchain In Construction: What You Need To Know,” Trimble Inc., 2018.
[Online]. Available: https://constructible.trimble.com/construction-industry/frombim-to-blockchain-in-
construction-what-you-need-to-know. [Accessed: 30-Jul-2018]. 
Swam, M. 2015. Blockchain blueprint for a new economy, First Edition. United States of America: O’Reilly
Media. 
Aste, T. , P. Tasca , and T. Di Matteo . 2015. “Blockchain Technologies: The Foreseeable Impact on Society
and Industry,” IEEE Computer Society, 50(9), pp. 18–28. 
Wang, J. , P. Wu , X. Wang , and W. Shou . 2017. “The outlook of blockchain technology for construction
engineering management,” Frontiers of Engineering Management, 4(1), pp. 67–75. 
Abeyratne, S. A. and R. P. Monfared . 2016. “Blockchain ready manufacturing supply chain using distributed
ledger,” International Journal of Research in Engineering and Technology, 5(9), pp. 1–10. 
Taylor, D. 2017. Construction And Blockchain: How Can It Help the Industry? Published In Capterra
Construction Management Blog. http://Blog.Capterra.Com/Construction-And-Blockchain-How-Can-Ithelp-The-
Industry/ 
Bocek, T. , B. B. Rodrigues , T. Strasser and B. Stiller , Blockchains everywhere: A use-case of blockchains in
the pharma supply-chain, IFIP/IEEE Symposium on Integrated Network and Service Management (IM), Lisbon,
Portugal, 2017, pp. 772–777, doi: 10.23919/INM.2017.7987376 
www.cybrosys.com, Blockchain EBook, Cybrosys Limited Edition, www.blockchainexpert.uk 7 
Mark gates 2017. Blockchain: Ultimate guide to understanding blockchain, bitcoin, cryptocurrencies, smart
contracts and the future of money. 
Larimer, D. 2014. “Delegated proof-of-stake (dpos),” Bitshare whitepaper. 
Cachin, C. 2016. “Architecture of the hyperledger blockchain fabric,” Journal of Computer and Communications,
8(4), April 24, 2020.



Zheng, K. , Y. Liu , C. Dai , Y. Duan , and X. Huang . 2018. “Model checking pbft consensus mechanism in
healthcare blockchain network,” in 2018 9th International Conference on Information Technology in Medicine
and Education (ITME). IEEE, 2018, pp. 877–881. 
Telia Company . 2016. The Land Registry in the blockchain A development project with Lantmäteriet (The
Swedish Mapping, cadastre and land registration authority). 
Ølnes, S. , Ubacht, J. , & Janssen, M. (2017). “Blockchain in government: Benefits and implications of
distributed ledger technology for information sharing.” Government Information Quarterly 34(3), pp. 355–364.
https://doi.org/10.1016/j.giq.2017.09.007 
Graglia, J. M. , and C. Mellon 2018. “Blockchain and Property in 2018: At the End of the Beginning,”
Innovations: Technology, Governance, Globalization 12(1–2), pp. 90–116. 
Benbunan-Fich, R. , and Castellanos, A . Digitization of Land Records: From Paper to Blockchain, Thirty-Ninth
International Conference on Information Systems, San Francisco, 2018. 
TOI, Nisha Nambiar . 2020. Maharashtra: One-stop portal proposal to integrate property dealings,
https://timesofindia.indiatimes.com/city/pune/one-stop-portal-proposal-to-integrate-property-
dealings/articleshow/74232746.cms 

 
A Review of Sentiment Analysis Applications and Challenges 
Abutiheen, Z. A. , Mohammed, E. A. , & Hussein, M. H. (2022). Behavior analysis in Arabic social media.
International Journal of Speech Technology, 25 , 1–8. 
Akhtar, N. , Zubair, N. , Kumar, A. , & Ahmad, T. (2017). Aspect based sentiment oriented summarization of
hotel reviews. Procedia Computer Science, 115 , 563–571. 
Al Amrani, Y. , Lazaar, M. , & El Kadiri, K. E. (2018). A novel hybrid classification approach for sentiment
analysis of text document. International Journal of Electrical & Computer Engineering (2088-8708), 8 (6). 
Andreevskaia, A. , & Bergler, S. (2006, April). Mining wordnet for a fuzzy sentiment: Sentiment tag extraction
from wordnet glosses. In 11th Conference of the European Chapter of the Association for Computational
Linguistics (pp. 209–216). 
Areed, S. , Alqaryouti, O. , Siyam, B. , & Shaalan, K. (2020). Aspect-based sentiment analysis for Arabic
government reviews. In Recent Advances in NLP: The Case of Arabic Language (pp. 143–162). Springer,
Cham. 
Aung, K. Z. , & Myo, N. N. (2017, May). Sentiment analysis of students’ comment using lexicon based
approach. In 2017 IEEE/ACIS 16th International Conference on Computer and Information Science (ICIS) (pp.
149–154). IEEE. 
Baashar, Y. , Alhussian, H. , Patel, A. , Alkawsi, G. , Alzahrani, A. I. , Alfarraj, O. , & Hayder, G. (2020).
Customer relationship management systems (CRMS) in the healthcare environment: A systematic literature
review. Computer Standards & Interfaces, 71 , 103442. 
Balaji, T. K. , Annavarapu, C. S. R. , & Bablani, A. (2021). Machine learning algorithms for social media
analysis: A survey. Computer Science Review, 40 , 100395. 
Behdenna, S. , Barigou, F. , & Belalem, G. (2018). Document level sentiment analysis: A survey. EAI Endorsed
Transactions on Context-Aware Systems and Applications, 4 (13), 154339. 
Bhatia, P. , Ji, Y. , & Eisenstein, J. (2015). Better document-level sentiment analysis from rst discourse parsing.
arXiv preprint arXiv:1509.01599. 
Birjali, M. , Kasri, M. , & Beni-Hssane, A. (2021). A comprehensive survey on sentiment analysis: Approaches,
challenges and trends. Knowledge-Based Systems, 226 , 107134. 
Bose, R. , Dey, R. K. , Roy, S. , & Sarddar, D. (2020). Sentiment analysis on online product reviews. In
Information and Communication Technology for Sustainable Development (pp. 559–569). Springer, Singapore. 
Carvalho, J. , & Plastino, A. (2021). On the evaluation and combination of state-of-the-art features in Twitter
sentiment analysis. Artificial Intelligence Review, 54 (3), 1887–1936. 
Chen, X. , Mao, J. , Liu, Y. , Zhang, M. , & Ma, S. (2022). Investigating human reading behavior during
sentiment judgment. International Journal of Machine Learning and Cybernetics, 1–14. 
Correia, F. , Madureira, A. M. , & Bernardino, J. (2022). Deep neural networks applied to stock market
sentiment analysis. Sensors, 22 (12), 4409. 
Cortis, K. , & Davis, B. (2021). Over a decade of social opinion mining: A systematic review. Artificial
Intelligence Review, 54 (7), 4873–4965. 
Ebadi, A. , Xi, P. , Tremblay, S. , Spencer, B. , Pall, R. , & Wong, A. (2021). Understanding the temporal
evolution of COVID-19 research through machine learning and natural language processing. Scientometrics,
126 (1), 725–739. 
Esuli, A. , & Sebastiani, F. (2006, May). Sentiwordnet: A publicly available lexical resource for opinion mining. In
Proceedings of the Fifth International Conference on Language Resources and Evaluation (LREC’06) . 
Farhadloo, M. , & Rolland, E. (2013, December). Multi-class sentiment analysis with clustering and score
representation. In 2013 IEEE 13th International Conference on Data Mining Workshops (pp. 904–912). IEEE.



Gaye, B. , Zhang, D. , & Wulamu, A. (2021). A Tweet sentiment classification approach using a hybrid stacked
ensemble technique. Information, 12 (9), 374. 
Hasan, M. , Rahman, A. , Karim, M. , Khan, M. , Islam, S. , & Islam, M. (2021). Normalized approach to find
optimal number of topics in Latent Dirichlet Allocation (LDA). In Proceedings of International Conference on
Trends in Computational and Cognitive Engineering (pp. 341–354). Springer, Singapore. 
Jain, P. K. , Pamula, R. , & Srivastava, G. (2021). A systematic literature review on machine learning
applications for consumer sentiment analysis using online reviews. Computer Science Review, 41 , 100413. 
Jiménez-Zafra, S. M. , Martín-Valdivia, M. T. , Molina-González, M. D. , & Ureña-López, L. A. (2019). How do
we talk about doctors and drugs? Sentiment analysis in forums expressing opinions for medical domain.
Artificial Intelligence in Medicine, 93 , 50–57. 
Kraaijeveld, O. , & De Smedt, J. (2020). The predictive power of public Twitter sentiment for forecasting
cryptocurrency prices. Journal of International Financial Markets, Institutions and Money, 65 , 101188. 
Ligthart, A. , Catal, C. , & Tekinerdogan, B. (2021). Systematic reviews in sentiment analysis: A tertiary study.
Artificial Intelligence Review, 54 (7), 4997–5053. 
Liu, S. , & Lee, I. (2018). Discovering sentiment sequence within email data through trajectory representation.
Expert Systems with Applications, 99 , 1–11. 
Mahmoudi, A. (2021). Identifying biased users in online social networks to enhance the accuracy of sentiment
analysis: A user behavior-based approach. arXiv preprint arXiv:2105.05950. 
Miotto, R. , Wang, F. , Wang, S. , Jiang, X. , & Dudley, J. T. (2018). Deep learning for healthcare: Review,
opportunities and challenges. Briefings in Bioinformatics, 19 (6), 1236–1246. 
Mowlaei, M. E. , Abadeh, M. S. , & Keshavarz, H. (2020). Aspect-based sentiment analysis using adaptive
aspect-based lexicons. Expert Systems with Applications, 148 , 113234. 
Naik, K. J. , Pedagandam, M. , & Mishra, A. (2021). Workflow scheduling optimisation for distributed
environment using artificial neural networks and reinforcement learning. International Journal of Computational
Science and Engineering, 24 (6), 653–670. 
Naresh Kumar, K. E. , & Uma, V. (2021). Intelligent sentinet-based lexicon for context-aware sentiment
analysis: Optimized neural network for sentiment classification on social media. The Journal of
Supercomputing, 77 (11), 12801–12825. 
Ozyurt, B. , & Akcayol, M. A. (2021). A new topic modeling based approach for aspect extraction in aspect
based sentiment analysis: SS-LDA. Expert Systems with Applications, 168 , 114231. 
Piryani, R. , Madhavi, D. , & Singh, V. K. (2017). Analytical mapping of opinion mining and sentiment analysis
research during 2000–2015. Information Processing & Management, 53 (1), 122–150. 
Pla, F. , & Hurtado, L. F. (2014, August). Political tendency identification in twitter using sentiment analysis
techniques. In Proceedings of COLING 2014, the 25th International Conference on Computational Linguistics:
Technical Papers (pp. 183–192). 
Rehioui, H. , & Idrissi, A. (2019). New clustering algorithms for twitter sentiment analysis. IEEE Systems
Journal, 14 (1), 530–537. 
Ruffer, N. , Knitza, J. , & Krusche, M. (2020). # Covid4Rheum: An analytical twitter study in the time of the
COVID-19 pandemic. Rheumatology International, 40 (12), 2031–2037. 
Sánchez-Rada, J. F. , & Iglesias, C. A. (2019). Social context in sentiment analysis: Formal definition, overview
of current trends and framework for comparison. Information Fusion, 52 , 344–356. 
Sann, R. , & Lai, P. C. (2020). Understanding homophily of service failure within the hotel guest cycle: Applying
NLP-aspect-based sentiment analysis to the hospitality industry. International Journal of Hospitality
Management, 91 , 102678. 
Schouten, K. , & Frasincar, F. (2015). Survey on aspect-level sentiment analysis. IEEE Transactions on
Knowledge and Data Engineering, 28 (3), 813–830. 
Schweighofer, E. (2022, January). Semantic search and summarization of judgments using topic modeling. In
Legal Knowledge and Information Systems: JURIX 2021: The Thirty-fourth Annual Conference, Vilnius,
Lithuania, 8–10 December 2021 (Vol. 346, p. 100). IOS Press. 
Sharaff, A. , & Srinivasarao, U. (2020, January). Towards classification of email through selection of informative
features. In 2020 First International Conference on Power, Control and Computing Technologies (ICPC2T) (pp.
316–320). IEEE. 
Srinivasarao, U. , & Sharaff, A. (2021a). Sentiment analysis from email pattern using feature selection
algorithm. Expert Systems, e12867. 
Srinivasarao, U. , & Sharaff, A. (2021b). Email sentiment classification using lexicon-based opinion labeling. In
Intelligent Computing and Communication Systems (pp. 211–218). Springer, Singapore. 
Srinivasarao, U. , & Sharaff, A. (2022). Email thread sentiment sequence identification using PLSA clustering
algorithm. Expert Systems with Applications, 193 , 116475. 
Subhashini, L. D. C. S. , Li, Y. , Zhang, J. , Atukorale, A. S. , & Wu, Y. (2021). Mining and classifying customer
reviews: A survey. Artificial Intelligence Review, 54 (8), 6343–6389. 
Tang, F. , Fu, L. , Yao, B. , & Xu, W. (2019). Aspect based fine-grained sentiment analysis for online reviews.
Information Sciences, 488 , 190–204. 



Trisna, K. W. , & Jie, H. J. (2022). Deep learning approach for aspect-based sentiment classification: A
comparative review. Applied Artificial Intelligence, 36 , 1–37. 
Valencia, F. , Gómez-Espinosa, A. , & Valdés-Aguirre, B. (2019). Price movement prediction of
cryptocurrencies using sentiment analysis and machine learning. Entropy, 21 (6), 589. 
Vinodhini, G. , & Chandrasekaran, R. M. (2016). A comparative performance evaluation of neural network
based approach for sentiment classification of online reviews. Journal of King Saud University-Computer and
Information Sciences, 28 (1), 2–12. 
Wang, Y. , Sun, A. , Huang, M. , & Zhu, X. (2019, May). Aspect-level sentiment analysis using as-capsules. In
The World Wide Web Conference (pp. 2033–2044). 
Xing, F. Z. , Cambria, E. , & Welsch, R. E. (2018). Natural language based financial forecasting: A survey.
Artificial Intelligence Review, 50 (1), 49–73. 
Yang, B. , & Cardie, C. (2014, June). Context-aware learning for sentence-level sentiment analysis with
posterior regularization. In Proceedings of the 52nd Annual Meeting of the Association for Computational
Linguistics (Volume 1: Long Papers) (pp. 325–335). 
Yousif, A. , Niu, Z. , Tarus, J. K. , & Ahmad, A. (2019). A survey on sentiment analysis of scientific citations.
Artificial Intelligence Review, 52 (3), 1805–1838. 
Zang, H. , & Wan, X. (2017, September). Towards automatic generation of product reviews from aspect-
sentiment scores. In Proceedings of the 10th International Conference on Natural Language Generation (pp.
168–177). 
Zhao, J. , Xue, F. , Khan, S. , & Khatib, S. F. (2021). Consumer behaviour analysis for business development.
Aggression and Violent Behavior, 101591. 
Zhao, M. , Yang, J. , Zhang, J. , & Wang, S. (2022). Aggregated graph convolutional networks for aspect-based
sentiment classification. Information Sciences, 600 , 73–93. 
Zhao, W. , Guan, Z. , Chen, L. , He, X. , Cai, D. , Wang, B. , & Wang, Q. (2017). Weakly-supervised deep
embedding for product review sentiment analysis. IEEE Transactions on Knowledge and Data Engineering, 30
(1), 185–197. 
Zheng, J. , Guo, Y. , Feng, C. , & Chen, H. (2018). A hierarchical neural-network-based document
representation approach for text classification. Mathematical Problems in Engineering, 1–10. 
Zvarevashe, K. , & Olugbara, O. O. (2018, March). A framework for sentiment analysis with opinion mining of
hotel reviews. In 2018 Conference on Information Communications Technology and Society (ICTAS) (pp. 1–4).
IEEE. 

 
Handling Skewed Datasets in Computing Environments 
Kuncheva, L. I. (2001). Combining classifiers: Soft computing solutions. In S.K. Pal and A. Pal (Eds), Pattern
Recognition: From Classical to Modern Approaches (pp. 427–451). World Scientific. 
Gutiérrez-López, A. , González-Serrano, F. J. , & Figueiras-Vidal, A. R. (2023). Optimum Bayesian thresholds
for rebalanced classification problems using class-switching ensembles. Pattern Recognition, 135, 109158. 
Wang, Y. , Liu, D. , Ma, S. , Wu, F. , & Gao, W. (2020). Ensemble learning-based rate-distortion optimization for
end-to-end image compression. IEEE Transactions on Circuits and Systems for Video Technology, 31(3),
1193–1207. 
Marqués, A. I. , García, V. , & Sánchez, J. S. (2012). Two-level classifier ensembles for credit risk assessment.
Expert Systems with Applications, 39(12), 10916–10922. 
Emil Richard Singh, B. , & Sivasankar, E. (2019). Enhancing prediction accuracy of default of credit using
ensemble techniques. In First International Conference on Artificial Intelligence and Cognitive Computing (pp.
427–436). Singapore: Springer. 
Rahman, A. , & Verma, B. (2011). Novel layered clustering-based approach for generating ensemble of
classifiers. IEEE Transactions on Neural Networks, 22(5), 781–792. 
Dong, X. , Yu, Z. , Cao, W. , Shi, Y. , & Ma, Q. (2020). A survey on ensemble learning. Frontiers of Computer
Science, 14(2), 241–258. 
Cruz, R. M. , Sabourin, R. , & Cavalcanti, G. D. (2018). Dynamic classifier selection: Recent advances and
perspectives. Information Fusion, 41, 195–216. 
Godase, U. R. , Medhane, D. V. (2022). OptDCE: An optimal and diverse classifier ensemble for imbalanced
datasets. International Journal of Computer Information Systems and Industrial Management Applications, 14,
151–161. 
Zhou, Z. H. (2012). Ensemble methods: foundations and algorithms. CRC Press. 
Li, J. , Cheng, K. , Wang, S. , Morstatter, F. , Trevino, R. P. , Tang, J. , & Liu, H. (2017). Feature selection: A
data perspective. ACM computing surveys (CSUR), 50(6), 1–45. 
Dong, X. , Yu, Z. , Cao, W. , Shi, Y. , & Ma, Q. (2020). A survey on ensemble learning. Frontiers of Computer
Science, 14(2), 241–258.



Aburomman, A. A. , & Reaz, M. B. I. (2016). A novel SVM-kNN-PSO ensemble method for intrusion detection
system. Applied Soft Computing, 38, 360–372. 
Alpaydin, E. (2020). Introduction to machine learning. Cambridge, MA: MIT Press. 
Zhou, Z. H. (2012). Ensemble methods: foundations and algorithms. CRC Press. 
Castro, C. L. , & Braga, A. P. (2013). Novel cost-sensitive approach to improve the multilayer perceptron
performance on imbalanced data. IEEE Transactions on Neural Networks and Learning Systems, 24(6),
888–899. 
Haixiang, G. , Yijing, L. , Shang, J. , Mingyun, G. , Yuanyue, H. , & Bing, G. (2017). Learning from class-
imbalanced data: Review of methods and applications. Expert Systems with Applications, 73, 220–239. 
Branco, P. , Torgo, L. , & Ribeiro, R. P. (2016). A survey of predictive modeling on imbalanced domains. ACM
Computing Surveys (CSUR), 49(2), 1–50. 
Windeatt, T. (2006). Accuracy/diversity and ensemble MLP classifier design. IEEE Transactions on Neural
Networks, 17(5), 1194–1211. 
Yu, Z. , Li, L. , Liu, J. , & Han, G. (2014). Hybrid adaptive classifier ensemble. IEEE Transactions on
Cybernetics, 45(2), 177–190. 
Rahman, A. , & Verma, B. (2011). Novel layered clustering-based approach for generating ensemble of
classifiers. IEEE Transactions on Neural Networks, 22(5), 781–792. 
Parikh, D. , & Polikar, R. (2007). An ensemble-based incremental learning approach to data fusion. IEEE
Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics), 37(2), 437–450. 
Ganaie, M. A. , & Hu, M. (2021). Ensemble deep learning: A review. arXiv preprint arXiv:2104.02395. 
Polikar, R. (2012). Ensemble learning. In Ensemble machine learning (pp. 1–34). Boston, MA: Springer. 
Kuncheva, L. I. (2003). “Fuzzy” versus “nonfuzzy” in combining classifiers designed by Boosting. IEEE
Transactions on Fuzzy Systems, 11(6), 729–741. 
Ren, Y. , Zhang, L. , & Suganthan, P. N. (2016). Ensemble classification and regression-recent developments,
applications and future directions. IEEE Computational Intelligence Magazine, 11(1), 41–53. 
Kuncheva, L. I. (2002). Switching between selection and fusion in combining classifiers: An experiment. IEEE
Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics), 32(2), 146–156. 
Polikar, R. (2006). Ensemble based systems in decision making. IEEE Circuits and Systems Magazine, 6(3),
21–45. 
Du, P. , Bai, X. , Tan, K. , Xue, Z. , Samat, A. , Xia, J. , … & Liu, W. (2020). Advances of four machine learning
methods for spatial data handling: A review. Journal of Geovisualization and Spatial Analysis, 4(1), 1–25. 
Xiao, J. , Xie, L. , He, C. , & Jiang, X. (2012). Dynamic classifier ensemble model for customer classification
with imbalanced class distribution. Expert Systems with Applications, 39(3), 3668–3675. 
Branco, P. , Torgo, L. , & Ribeiro, R. P. (2016). A survey of predictive modeling on imbalanced domains. ACM
Computing Surveys (CSUR), 49(2), 1–50. 

 
Diagnosis of Dementia Using MRI 
Shih-Yi Chien , Shiau-Fang Chao , Yihuang Kang , Chan Hsu , Meng-Hsuan Yu , and Chan-Tung Ku ;
“Understanding Predictive Factors of Dementia for Older Adults: A Machine Learning Approach for Modeling
Dementia Influencers”; International Journal of Human-Computer Studies, Volume 165, p. 102834; 2022. 
K. Etminani , A. Soliman , A. Davidsson et al. ; “A 3D Deep Learning Model to Predict the Diagnosis of
Dementia with Lewy Bodies, Alzheimer’s Disease, and Mild Cognitive Impairment Using Brain 18F-FDG PET”;
European Journal of Nuclear Medicine and Molecular Imaging, Volume 49, pp. 563–568; 2022. 
H.A. Helaly , M. Badawy , and A.Y. Haikal ; “Deep Learning Approach for Early Detection of Alzheimer’s
Disease”; Cognitive Computation, Volume 14, pp. 1711–1727; 2022. 
Jack Diskin and Alison Huenger . “Machine Learning For Alzheimer’s Disease Diagnosis: Computer Vision and
Recurrent Neural Networking.”; Journal of Dawning Research, Volume 4; 2022. 
Golrokh Mirzaei and Hojjat Adeli ; “Machine Learning Techniques for the Diagnosis of Alzheimer’s Disease,
Mild Cognitive Disorder, and Other Types of Dementia”; Biomedical Signal Processing and Control, Volume 72,
Part A; 2022. 
A. Termine , C. Fabrizio , C. Caltagirone , and L. Petrosini ; “A Reproducible Deep-Learning-Based Computer-
Aided Diagnosis Tool for Frontotemporal Dementia Using MONAI and Clinical Frameworks”; Life; 2022. 
Farhad Abedinzadeh Torghabeh , Yeganeh Modaresnia , and Mohammad Mahdi Khalilzadeh ; “Effectiveness
of Learning Rate in Dementia Severity Prediction Using VGG16”; Elsevier; 2022. 
Faouri Sinan , AlBashayreh Mahmood , and Azzeh Mohammad ; “Examining the Stability of Machine Learning
Methods for Predicting Dementia at Early Phases of the Disease”; arXiv; 2022. 
S. Bharati , P. Podder , D.N.H. Thanh et al. ; “Dementia Classification Using MR Imaging and Clinical Data with
Voting-Based Machine Learning Models”; Multimedia Tools and Applications; 2022. 
N. Chedid , J. Tabbal , A. Kabbara et al. ; “The Development of an Automated Machine Learning Pipeline for
the Detection of Alzheimer’s Disease”; Scientific Reports, Volume 12, 18137; 2022.



Tran Anh Tuan , The Bao Pham , Jin Young Kim , Manuel R. João , and S. Tavares ; “Alzheimer’s Diagnosis
Using Deep Learning in Segmenting and Classifying 3D Brain MR Images”; International Journal of
Neuroscience; 2022. 
S. Broman , E. O'Hara , and M. L. Ali , “A Machine Learning Approach for the Early Detection of Dementia”;
IEEE International IOT, Electronics and Mechatronics Conference (IEMTRONICS) ; 2022. 
Miah Yunus , Prima Chowdhury , Seema Sharmeen , Mahmud Mufti , and Kaiser M. Shamim ; “Performance
Comparison of Machine Learning Techniques in Identifying Dementia from Open Access Clinical Datasets”. In
Saeed, F. , Al-Hadhrami, T. , Mohammed, F. , & Mohammed, E. , editors, Advances on Smart and Soft
Computing, of Advances in Intelligent Systems and Computing, pp. 79–89, Singapore, Springer; 2021. 
L. Ilias , D. Askounis , and J. Psarras ; “Detecting Dementia from Speech and Transcripts using Transformers”;
arXiv.; 2021. 
Robin Ghosh , et al. ; “Application of Artificial Intelligence and Machine Learning Techniques in Classifying
Extent of Dementia Across Alzheimer’s Image Data”; IJQSPR; Volume 6, 2; 2021. 
Tomasz M. Rutkowski et al. ; “Neurotechnology and AI Approach for Early Dementia Onset Biomarker from
EEG in Emotional Stimulus Evaluation Task.”; 43rd Annual International Conference of the IEEE Engineering in
Medicine & Biology Society (EMBC); 2021. 
N. Deepa and S.P. Chokkalingam ; “An Age Impairment Ad Dementia on Various Stages Depicting the Severity
on Patient Using a Deep Learning Model”; Annals of the Romanian Society for Cell Biology; 2021. 
Jo Taeho , K. Nho , S.L. Risacher et al. ; “Deep Learning Detection of Informative Features in Tau PET for
Alzheimer’s Disease Classification”; BMC Bioinformatics, Volume 21; 2020. 
Fubao Zhu , Xiaonan Li , Haipeng Tang , Zhuo He , Chaoyang Zhang , Guang-Uei Hung , Pai-Yi Chiu , and
Weihua Zhou ; “Machine Learning for the Preliminary Diagnosis of Dementia”, Scientific Programming; 2020. 
Kimberly Dale Ng , S. Mehdizadeh , A. Iaboni , A. Mansfield , A. Flint , and B. Taati ; “Measuring Gait Variables
Using Computer Vision to Assess Mobility and Fall Risk in Older Adults With Dementia”; IEEE Journal of
Translational Engineering in Health and Medicine, Volume 8, pp. 1–9; 2020. 
Silvia Basaia , Federica Agosta , Luca Wagner , Elisa Canu , Giuseppe Magnani , Roberto Santangelo , and
Massimo Filippi ; “Automated Classification of Alzheimer’s Disease and Mild Cognitive Impairment Using a
Single MRI and Deep Neural Networks”; NeuroImage: Clinical, Volume 21; 2019. 
Deepika Bansal , Rita Chhikara , Kavita Khanna , and Poonam Gupta ; “Comparative Analysis of Various
Machine Learning Algorithms for Detecting Dementia”; Procedia Computer Science, Volume 132, 2018. 
S. Alam , R. Kwon , I. Kim , and S. Park ; “Twin SVM-Based Classification of Alzheimer’s Disease Using
Complex Dual-Tree Wavelet Principal Coefficients and LDA”; Journal of Healthcare Engineering; 2017. 
A.S. Chudhey , H. Jindal , A. Vats , and S. Varma ; “An Autonomous Dementia Prediction Method Using
Various Machine Learning Models”; S. Tiwari , M.C. Trivedi , M.L. Kolhe , K. Mishra , and B.K. Singh (eds.)
Advances in Data and Information Sciences. Lecture Notes in Networks and Systems, vol 318; Springer; 2017. 
Fadi Thabtah , Swan Ong , and David Peebles ; “Detection of Dementia Progression from Functional Activities
Data Using Machine Learning Techniques”; 2022. 
N.J. Herzog and G.D. Magoulas ; “Machine Learning-Supported MRI Analysis of Brain Asymmetry for Early
Diagnosis of Dementia”; A.E. Hassanien , R. Bhatnagar , V. Snášel , and M. Yasin Shams (eds.) Medical
Informatics and Bioimaging Using Artificial Intelligence. Studies in Computational Intelligence, vol 1005.
Springer; 2022. 
F. Garcia-Gutierrez , A. Delgado-Alvarez , C. Delgado-Alonso , et al. ; “Diagnosis of Alzheimer’s Disease and
Behavioural Variant Frontotemporal Dementia with Machine Learning-aided Neuropsychological Assessment
Using Feature Engineering and Genetic Algorithms”; International Journal of Geriatric Psychiatry, Volume 37,
Issue 2; 2021. 
S. Esmaeilzadeh , D.I. Belivanis , K.M. Pohl , and E. Adeli ; “End-To-End Alzheimer’s Disease Diagnosis and
Biomarker Identification”; Y. Shi , H.I. Suk , and M. Liu Machine Learning in Medical Imaging. MLMI Lecture
Notes in Computer Science, vol 11046. Springer; 2018. 
Mingxia Liu , Jun Zhang , Ehsan Adeli , and Dinggang Shen ; “Landmark-Based Deep Multi-instance Learning
for Brain Disease Diagnosis”; Medical Image Analysis, Volume 43; 2018. 
Taeho Jo , Kwangsik Nho , Paula Bice , and Andrew J Saykin ; “For The Alzheimer’s Disease Neuroimaging
Initiative, Deep learning-based identification of genetic variants: application to Alzheimer’s disease
classification”; Briefings in Bioinformatics, Volume 23, Issue 2, March; 2022. 
Fan Li and Manhua Liu ; “Alzheimer’s disease diagnosis based on multiple cluster dense convolutional
networks”; Computerized Medical Imaging and Graphics, Volume 70; 2018. 
K. A. N. N. P. Gunawardena , R. N. Rajapakse , and N. D. Kodikara , “Applying convolutional neural networks
for pre-detection of alzheimer’s disease from structural MRI data,” 2017 24th International Conference on
Mechatronics and Machine Vision in Practice (M2VIP) , Auckland, New Zealand, 2017. 
S. Alam , R. Kwon , I. Kim , and S. Park (2017). Twin SVM-Based Classification of Alzheimer’s Disease Using
Complex Dual-Tree Wavelet Principal Coefficients and LDA. Journal of Healthcare Engineering, 2017. 
C. Jongkreangkrai , Y. Vichianin , C. Tocharoenchai , H Arimura , and for the Alzheimer’s Disease
Neuroimaging Initiative ; “Computer-aided classification of Alzheimer’s disease based on support vector
machine with combination of cerebral image features in MRI”; Journal of Physics, Volume 694, 2016.



Optimized Student's Multi-Face Recognition and Identification Using Deep Learning 
S. Kadambari , G. Prabhu , D. Mistry and M. Khanore , “Automation of Attendance System Using Facial
Recognition,” 2019 International Conference on Advances in Computing, Communication and Control (ICAC3) ,
2019, pp. 1–5, doi: 10.1109/ICAC347590.2019.9036819 
I. Rao , P. Shirgire , S. Sanganwar , K. Vyawhare and S.R. Vispute , 2022. “An Overview of Agriculture Data
Analysis Using Machine Learning Techniques and Deep Learning”, Second International Conference on Image
Processing and Capsule Networks. ICIPCN 2021 . Lecture Notes in Networks and Systems, vol. 300. Springer,
Cham. https://doi.org/10.1007/978-3-030-84760-9_30 
B. Chacua , “People Identification through Facial Recognition usingDeep Learning,” 2019 IEEE Latin American
Conference on Computational Intelligence (LA-CCI) , 2019, pp. 1–6, doi: 10.1109/LA-CCI47412.2019.9037043 
S. Kakarla , P. Gangula , M. S. Rahul , C. S. C. Singh and T. H. Sarma , “Smart Attendance Management
System Based on Face Recognition Using CNN,” 2020 IEEE-HYDCON, 2020, pp. 1–5, doi:
10.1109/HYDCON48903.2020.9242847 
V. Mathew , T. Toby , A. Chacko and A. Udhayakumar , “Person Re-identification through Face Detection from
Videos Using Deep Learning,” 2019 IEEE International Conference on Advanced Networks and
Telecommunications Systems (ANTS), 2019, pp. 1–5, doi: 10.1109/ANTS47819.2019.9117938 
F. P. Filippidou and G. A. Papakostas , “Single Sample Face Recognition Using Convolutional Neural Networks
for Automated Attendance Systems,” 2020 Fourth International Conference On Intelligent Computing in Data
Sciences (ICDS) , 2020, pp. 1–6, doi: 10.1109/ICDS50568.2020.9268759 
Sushma Vispute , K. Rajeswari , Pratik Adhav , Avadhoot Autade , Abhimanyu Babar Patil and Aditya Dhumal ,
“A Comprehensive Review for Smart Attendance Monitoring System Using Machine Learning and Deep
Learning”, International Research Journal of Engineering and Technology (IRJET), 08(12), 432–437, December
2021. 
S. Bhattacharya , G. S. Nainala , P. Das and A. Routray , “Smart Attendance Monitoring System (SAMS): A
Face Recognition Based Attendance System for Classroom Environment,” 2018 IEEE 18th International
Conference on Advanced Learning Technologies (ICALT) , 2018, pp. 358–360, doi: 10.1109/ICALT.2018.00090 
M. Yadav , A. Aggarwal and N. Rakesh , “Motion Based Attendance System in Real-Time Environment for
Multimedia Application,” 2018 8th International Conference on Cloud Computing, Data Science & Engineering
(Confluence) , 2018, pp. 332–336, doi: 10.1109/CONFLUENCE.2018.8442813 
M. Harish , P. Chethan , Syed Abdul Azeem and M. G. Veena , “A Smart Attendance System Based on
Machine Learning,” 2019 Global Conference for Advancement in Technology (GCAT) , 2019, pp. 1–7,
doi:10.1109/GCAT47503.2019.8978324 
V. Patil , A. Narayan , V. Ausekar and A. Dinesh , “Automatic Students Attendance Marking System Using
Image Processing And Machine Learning,” 2020 International Conference on Smart Electronics and
Communication (ICOSEC) , 2020, pp. 542–546, doi:10.1109/ICOSEC49089.2020.9215305 
Mohd Aquib Ansari , Diksha Kurchaniya and Manish Dixit , “A Comprehensive Analysis of Image Edge
Detection Techniques”, International Journal of Multimedia and Ubiquitous Engineering, 2017,
doi:10.14257/ijmue.2017.12.11.01 
Harsh Nagoriya , “Attendance System using Face Recognition utilizing OpenCV Image Processing Library,”
International Journal for Research in Applied Science and Engineering Technology (IJRASET), 2020, ISSN:
23219653. 
W. Zeng , Q. Meng and R. Li , “Design of Intelligent Classroom Attendance System Based on Face
Recognition,” 2019 IEEE 3rd Information Technology, Networking, Electronic and Automation Control
Conference (ITNEC) , 2019, pp. 611–615, doi: 10.1109/ITNEC.2019.8729496 
P. Patil and S. Shinde , “Comparative Analysis of Facial Recognition Models Using Video for Real Time
Attendance Monitoring System,” 2020 4th International Conference on Electronics, Communication and
Aerospace Technology (ICECA) , 2020, pp. 850–855, doi: 10.1109/ICECA49313.2020.9297374 
R. C. Damale and B. V. Pathak , “Face Recognition Based Attendance System Using Machine Learning
Algorithms,” 2018 Second International Conference on Intelligent Computing and Control Systems (ICICCS),
2018, pp. 414–419, doi: 10.1109/ICCONS.2018.8662938 
M. Z. Khan , S. Harous , S. U. Hassan , M. U. GhaniKhan , R. Iqbal and S. Mumtaz , “Deep Unified Model for
Face Recognition Based on Convolution Neural Network and Edge Computing,” IEEE Access , vol. 7, 2019, pp.
72622–72633, doi: 10.1109/ACCESS.2019.2918275 

 
Impact of Fake News on Society with Detection and Classification Techniques 
S. Raja , “Fake news detection using voting ensemble classifier”, International Conference on Inventive
Computation Technologies (ICICT) , 2022, pp. 1241–1244. 
T. Mladenova , I. Valova , “Research on the ability to detect fake news in users of social networks”,
International Congress on Human-Computer Interaction, Optimization and Robotic Applications (HORA), 2022,
pp. 01–04.



R. Behera , M. Jena , S. Rath , S. Misra , “Co-lstm: Convolutional lstm model for sentiment analysis in social big
data”, Information Processing Management, 58, 2021, p. 102435. 
R. C. Gonzalez , Digital Image Processing. Upper Saddle River, NJ: Pearson Prentice Hall, Third Edition, 2014. 
Digital Scholar , available at https://digitalscholar.in/pros-and-cons-of-social-media/ 
H. Ahmed , I. Traore , S. Saad , Detection of online fake news using n-gram analysis and machine learning
techniques, International Conference on Intelligent, Secure, and Dependable Systems in Distributed and Cloud
Environments, 2017, pp. 127–138. 
M. Bovet , A. H. Makse , “Influence of fake news in twitter during the 2016 us presidential election”, 17th
International Computer Conference on Wavelet Active Media Technology and Information Processing
(ICCWAMTIP) , 2019, pp. 205–208. 
T. Jiang , J. P. Li , A. U. Haq , A. Saboor , “Fake news detection using deep recurrent neural networks”, 17th
International Computer Conference on Wavelet Active Media Technology and Information Processing
(ICCWAMTIP) , 2020, pp. 205–208. 
Fake and Real News Dataset , n.d. available at https://www.kaggle.com/datasets/clmentbisaillon/fake-and-real-
news-d 
G. S. N. Murthy , S. R. Allu , B. Andhavarapu , M. Bagadi , M. Belusonti , “Text based sentiment analysis using
LSTM”, International Journal of Engineering Research Technology (IJERT), 9(5), pp. 1–5. 
S. K. Chandra , M. K. Bajpai , “Fractional mesh-free linear diffusion method for image enhancement and
segmentation for automatic tumor classification”, Biomedical Signal Processing and Control, 58, 2020, p.
101841. 

 
Neurological Disorder Detection Using Computer Vision and Machine Learning
Techniques 
Arnaud A , Forbes F , Coquery N , Collomb N , Lemasson B , Barbier EL , “Fully Automatic Lesion Localization
and Characterization: Application to Brain Tumors using Multi parametric Quantitative MRI Data”, IEEE
Transactions on Medical Imaging, 37(7): 1678–1689, 2018. 
Pereira S , Pinto A , Alves V , Silva CA , “Brain Tumor Segmentation using CNN in MRI Images”, IEEE
Transactions on Medical Imaging, 35(5): 1240–1251, 2016. 
Malhotra Hema , Naaz Sameena , “Analysis of MRI Images Using Data Mining for Detection of Brain Tumor”,
IJARCS, 9, 2018. 10.26483/IJARCS.V9I2.5369. 
Shrivastava Pallavi , Upadhayay Akhilesh , Khare Akhil , “Devising Classifiers for Analyzing and Classifying
Brain Tumor using Integrated Framework PNN”, International Conference on Energy Systems and Applications,
1–6, doi: 10.1109/ICESA.2015.7503303, 2015. 
Nalbalwar R , Majhi U , Patil R , Gonge S , “Detection of Brain Tumor by Using ANN”, International Journal of
Research in Advent Technology, 3(4): 272–279, 2014. 
Sharif M , Amin J , Nisar MW , Anjum MA , Muhammad N , Shad SA , “A unified patch based method for brain
tumor detection using features fusion”, Cognitive Systems Research, 59: 273–286, 2020. 
Joseph RP , Singh CS , Manikandan M , “Brain tumor MRI image segmentation and detection in image
processing”, International Journal of Research in Engineering and Technology, 3, eISSN: 2319-1163, pISSN:
2321-7308, 2014. 
Salunkhe PB , Patil PS , Bhamare DR , “Brain tumor detection and area calculation of tumor in brain MRI
mages using clustering algorithms”, IOSR-JECE, 4: 34–38. 
Saba T , Mohamed AS , El-Affendi M , Amin J , Sharif M , “Brain tumor detection using fusion of hand crafted
and deep learning features”, Cognitive Systems Research, 59: 221–230, 2020. 
Samriti Paramveer Singh , “Brain tumor detection using image segmentation”, International Journal of
Engineering Research and Development, 4(2): 1923–1925, 2016. 
Suhag Sonu , Saini LM , “Automatic detection of brain tumor by image processing in Matlab”, International
Journal of Advances in Science, Engineering and Technology, 3(3): 114–117, 2015. 
Amin J , Sharif M , Yasmin M , Fernandes SL , “A distinctive approach in brain tumor detection and
classification using MRI”, Pattern Recognition Letters, 139: 118–127, 2020. 
Shelkar R , Thakare MN , “Brain tumor detection and segmentation by using thresholding and watershed
algorithm”, IJACT, 1(3): 321–324, 2014. 
Lemée JM , Corniola MV , Da Broi M. , Joswig H , “Extent of resection in meningioma: Predictive factors and
clinical”, Scientific Reports, 9(1): 5944, 2019. 
Heo S , Lee H , “Fault detection and classification using ANN”, IFAC, 51(18): 470–475, 2018. 
Hossam Sultan H , Nancy Salem M , Al-Atabany W , “Multi-classification of brain tumor images using DNN”,
IEEE Access, 7: 2169–3536, 2019. 
Latif G , Butt M , Khan AH , Butt O , Iskandar DNFA , “Multiclass brain Glioma tumor classification using block-
based 3D Wavelet features of MR images”, 4th International Conference on Electrical and Electronics
Engineering ICEEE, 5: 333–337, 2017.



Sayali Jadhav D , Channe HP , “Comparative study of K-NN, naive bayes and decision tree classification”, The
International Journal of Science and Research, 5(1): 1842–1845, 2016. 

 
Deep Learning for Tea Leaf Disease Classification 
Gayathri, S. et al. , “Image Analysis and Detection of Tea Leaf Disease using Deep Learning”,
https://doi.org/10.1109/ICESC48915.2020.9155850 
Hu, Gensheng et al. , “Using a Multi-convolutional Neural Network to Automatically Identify Small-sample Tea
Leaf Diseases”, https://doi.org/10.1016/j.suscom.2022.100696 
R. S. Latha et al. , “Automatic Detection of Tea Leaf Diseases Using Deep Convolution Neural Network”,
https://doi.org/10.1109/ICCCI50826.2021.9402225 
Hu, Gensheng et al. , “A Low Shot Learning Method for Tea Leaf’s Disease Identification”,
https://doi.org/10.1016/j.compag.2019.104852 
Sun, X. “Image Recognition of Tea Leaf Diseases Based on Convolutional Neural Network”,
https://doi.org/10.1109/SPAC46244.2018.8965555 
Ramadan, Ade “Transfer Learning and Fine-Tuning for Deep Learning-Based Tea Diseases Detection on Small
Datasets”, https://doi.org/10.1109/ICRAMET51080.2020.9298575 
Hu, Gensheng et al. , “Detection and Severity Analysis of Tea Leaf Blight Based on Deep Learning”,
https://doi.org/10.1016/j.compeleceng.2021.107023 
Chen, Jing et al. , “Visual Tea Leaf Disease Recognition Using a Convolutional Neural Network Model”,
https://doi.org/10.3390/sym11030343 
Kaur, Prabhjot et al. , “An Approach for Characterization of Infected Area in Tomato Leaf Disease Based on
Deep Learning and Object Detection Technique”, https://doi.org/10.1016/j.engappai.2022.105210 
Kimutai, Gibson ; Förster, Anna (2022), “Tea Sickness Dataset”, Mendeley Data, V2,
https://doi.org/10.17632/j32xdt2ff5.2 
Shorten, Connor et al , “A survey on Image Data Augmentation for Deep Learning”,
https://doi.org/10.1186/s40537-019-0197-0 
Barbedo, Jayme Garcia Arnal , “A Review on the Main Challenges in Automatic Plant Disease Identification
Based on Visible Range Images”, https://doi.org/10.1016/j.biosystemseng.2016.01.017 
Mohanty, S.P. ; Hughes, D.P. ; Marcel, S. 2016, “Using Deep Learning for Image-Based Plant Disease
Detection”, Frontiers in Plant Science, 7, 141, https://doi.org/10.3389/fpls.2016.01419 

 


