International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

www.ijisae.org

Machine Learning Strategies in Real-World Engineering Applications:
A Comprehensive Survey

1JISAE

ISSN:2147-6799 Original Research Paper

Raman Kumar*, Priyanka Rani?

Submitted: 04/12/2023 Revised: 12/01/2024  Accepted: 27/01/2024

Abstract: In the age of Industry 5.0, we find ourselves amidst a torrent of digital data. Machine learning has emerged as a resounding
success story, making substantial inroads across various sectors including computer graphics, intelligent control, computer vision, speech
recognition , decision making & natural language processing. Its remarkable performance has catapulted Deep Learning & Machine
Learning Techniques into the spotlight, where they are now being widely embraced and integrated into a multitude of real time (happen
instantly) engineering applications. A profound understanding of machine learning has become indispensable in the development of
automated and intelligent applications, especially in fields like healthcare, cyber security, and intelligent transportation systems. This
survey paper aims to comprehensively explore the diverse applications of machine learning strategies in real-world engineering
scenarios. The review covers a wide spectrum of engineering fields, including but not limited to robotics, manufacturing, energy systems,
civil engineering, and biomedical applications. The paper discusses the challenges, opportunities, and recent advancements in deploying
machine learning techniques in these domains, emphasizing the impact on performance, efficiency, and adaptability. The study also
illuminates the research objectives and challenges faced by machine learning approaches when navigating the complexities of real-
world.
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1. Introduction
1.1. Evolution of Machine Learning

Today's digital world, data sources have become ubiquitous in
various aspects of our lives, and the regular collection of digital
information [1], [2] is generating vast amount of data from
sources at real time. The categorization of data into structured,
semi structured and unstructured format, and it holds the potential
for building intelligent applications in diverse domains. For
example, as demonstrated in a study [3], cybersecurity data can
be harnessed to extract insights that drive the development of
automated, data-driven intelligent cybersecurity applications. In
another example from [1], mobile data is utilized to create
context-aware intelligent applications.

Intelligent and fast knowledge and insight extraction from data is
essential to real-time applications, which depend on complex
tools and procedures.

ML, a branch of Al, has been seeing rapid growth in recent years
in the fields of data analysis and computing, allowing applications
to demonstrate intelligent behaviours [4]. Machine learning
stands out as a cutting-edge technology within the framework of
Industry 4.0, the fourth industrial revolution. It enables
applications to learn from their own experiences instead of
depending on explicit programming, resulting in improved
systems. [1], [ 3]. It plays a key role in automating traditional
industry and manufacturing practices, facilitating preliminary
data processing [5]. Consequently, ML algorithms are
fundamental in advanced intelligent real time applications that
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address real world challenges through intelligent analysis of data.
Based on data gathered from the Google Trends [6], Google
Trends can serve as a valuable tool for identifying the most
demanding web topics at any given moment & location. Data can
inform content creation and guide the selection of relevant and
engaging articles. By analyzing the specific regions where
keywords have garnered significant interest, Google Trends can
provide insights into what is working effectively and areas that
may require improvement.

Data analysis and computing are two areas where ML and Al
have seen explosive growth in the past few years. This
development allows apps to now operate intelligently. In the
context of Industry 4.0, machine learning (ML) stands out as a
cutting-edge technology that enables systems to learn and evolve
autonomously via experience, without the need for explicit
coding.

Embracing state-of-the-art technologies such as machine learning
to analyse data in an exploratory manner, Industry 4.0 represents
the ongoing automation of traditional manufacturing and
industrial processes [36]. Machine learning algorithms enable
intelligent analysis of this data as well as the development of
practical, real-world applications. Classes of supervised, semi-
supervised, unsupervised, and reinforcement learning are the four
basic types of machine learning algorithms. According to data
collected by Google Trends [4] during the last several years, these
learning approaches have been steadily gaining popularity.

The efficiency and effectiveness of a machine learning solution
are also affected by the inherent qualities of the data and the
performance of the learning algorithms.  Clustering,
classification, regression, association rules, dimensionality
reduction, feature engineering, and feature engineering are some
of the many ML methodologies used to construct data-driven
systems. Deep learning (DL) is a subset of ML techniques that
has its origins in artificial neural networks. It is also used for
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smart data analysis. [37].

Choosing the appropriate learning algorithm that suits the specific
target application within a given domain can be a complex task.
The fact that various learning algorithms serve different functions
and that algorithms belonging to the same category can produce
different results depending on the properties of the input adds
another layer of complexity [25]. Therefore, it is critical to
comprehend the inner workings of various learning approaches
and to know when and when they could be of service in the actual
world. Many other fields can benefit from these applications,
including as cybersecurity, business, healthcare, COVID-19
analysis, the internet of things (10T), smart cities, and many more.

World Wide Trend Analysis on Machine Learning Techniques

A AL
¥kl

Fig. 1 Analyzing the global trends in machine learning
techniques [6]

Global preference ratings for several ML algorithm categories,
including supervised, unsupervised, semi-supervised, and
reinforcement, as measured from 0 (very low) to 100 (very high),
as they have changed over time. On the one hand, we have the
timestamp data, and on the other, we have the scores that correlate
to those timestamps.

2. Types of Real-World Data & Machine
Learning Techniques

Data analysis and the discovery of patterns in commercial
transactions, events, and processes are made possible by machine
learning (ML) techniques. After this, we will discuss the several
ML methods and the numerous kinds of real-world data.

A precondition for building data-driven real-world systems and
ML models is the availability of data [23], [25]. "Metadata" is a
supplementary data presentation form that can be utilised in
addition to structured, semi-structured, and unstructured data. A
swift evaluation of these data formats is in the works:

2.1. Structured Data Equations

This material is extremely organised, follows a consistent format,
and is easy to retrieve because of its clear structure. Names, dates,
addresses, credit card numbers, stock details, geo position data,
and more are examples of structured data that is commonly kept
in tabular format in relational databases and used by both entities
and computer programmes.

2.2. Unstructured Data Equations

It is more difficult to capture, analyse, and analyse unstructured
data since the data does not have a specified format or
organisation. Text and multimedia elements made up the bulk of
it. Unstructured data includes things like sensor readings, emails,
wikis, word documents, PDFs, audio files, movies, pictures, web
pages, and different kinds of commercial paperwork. As an
example.

2.3. Semi structured Data Equations

Although it lacks the rigid structure of relational databases, semi-
structured data does have certain organisational properties that
make analysis easier. Data saved in NoSQL databases, as well as
documents in HTML, XML, and JSON format, fall into this
category.

2.4. Metadata

Metadata is not the usual information, it is details about other
information. While data represents the raw material that can be
categorized, measured, or documented, metadata explains
important details about the data, offering additional meaning for
users of the data. Document metadata examples comprise details
such as the author, file size, creation date, and keywords that
defining the document. Within the field of ML & data science,
researchers employ several datasets for different research
purposes across various domains. These datasets encompass areas
such as:

Cyber security datasets, including NSL-KDD [28], UNSW-NB15
[29], ISCX'12 [1], CIC-DD0S2019 [2], and Bot-loT [59],
Smartphone data The set covers conditions such as call recording
[37], text messages [29], mobile application [33], mobile phone
notification recording [30], Internet of Things information,
agricultural information and e-commerce [34], Health
information, heart disease [32], and COVID-19 incidence [31].
These datasets can vary in format, including structured, semi
structured, and unstructured data types, tailored to the specific
needs of real world applications. To effectively analyze such type
of data within a specific domain and extract valuable insights for
constructing intelligent real world applications, a range of ML
techniques is applied, each chosen based on its unique learning
capabilities. We will delve into these techniques in the following
sections.

2.5. Machine Learning Techniques: Exploring the Four
Categories

Supervised, semi-supervised, unsupervised, and reinforcement
learning are the four main types of approaches in the ever-
evolving discipline of machine learning within artificial
intelligence [22]. Below, we'll give you the rundown on all these
learning strategies and see how they work in practice to solve
problems.

Supervised Learning: The creation of a function that converts
inputs into outputs by analysing sample pairs of inputs and
outputs is known as supervised learning, and it is a basic task in
machine learning [26]. It learns this function from a collection of
training examples and labelled training data. When a
predetermined set of goals needs to be met using a predetermined
set of inputs, supervised learning is the way to go [25]. Examples
of common supervised learning tasks are data fitting (through
"regression™) and data separation (through "classification™). Text
classification, in which the aim is to forecast class label, or the
examination of text (e.g., tweets or product reviews), are
examples of activities that make use of supervised learning.
Unsupervised Learning: Datasets without labels or human
interaction can be studied through unsupervised learning, which
relies on data patterns for analysis [26]. The primary applications
of this method include exploratory data analysis, data grouping,
finding significant patterns and trends, and discovering
generative features. Clustering, dimensionality reduction,
anomaly detection, feature learning, density estimation, and
discovery of association rules are all examples of common
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unsupervised learning problems.

Semi-Supervised Learning: Learners using semi-supervised
methods can process data that is either labelled or unlabeled [26].
The two types of learning are combined in it. When there is a
dearth of labelled data but an abundance of unlabeled data in the
actual world, semi-supervised learning becomes extremely
useful. The number 22. Improving prediction results relative to
labelled data is the primary objective of a semi-supervised model.
This method is useful in several domains, including machine
translation, data labelling, text categorization, and fraud
detection, among others.

Reinforcement Learning: One unique kind of machine learning is
reinforcement learning, which allows agents to learn how to act
in a given environment and, on their own, find the most efficient
way to act in every given situation [27]. Using information
gathered from interactions with the environment, this form of
learning aims to maximise rewards or minimise risks by utilising
the principles of rewards and punishments [22]. Atrtificial
intelligence models that use reinforcement learning are able to
automate processes and improve the efficiency of complex
systems, such as autonomous driving, robotics, manufacturing,
and supply chain logistics. However, simple or basic problems
are not often solved with it.

DISCRETE VALUE CLASSIFICATION

REGRESSION ]

[ CONTINOUS VALUE ]—?I

o
Z

CLUSTERING

UNLABELLED DATA

B | ASSOCIATION
E LEARNS FROM CLASSTFICATION
E (COMBINED DATA

CLUSTERING

Fig. 2 Different categories of ML methodologies

Table 1 Different types of ML techniques use various approaches and
each with its own set of examples.

Task-driven Models or Regression
algorithms that and
employ Classification
annotated data
for training or
learning
purposes
Data-driven Models or Dimensionalit
algorithms that ~ y Reduction,
learn from data ~ Association &
without labels Clustering
Unlabeled +1 We build Clustering and
abeled models by Classification
using

combined data

Models can be
structured

based on either
reward or

penalty

Classification
and Control

Environment
-driven

3. Machine Learning Tasks and Algorithms

In this, we will explore several ML & DL algorithms, including
classification, regression, clustering, association rule, variable

engineering for dimensionality reduction. Figure 3 provides an
overview of predictive model based on machine learning, which
comprises two phases. Phase 1 involves training the model using
historical data, while Phase 2 is responsible for generating
outcomes when presented with new test data.

TRAINING PHASE

ML/DL Predictive
/| Algorithms [ Madel

Original | Preprocessing
» .

Dataset "7~
\—|:fST1NG PHASE
- Predictive
e ’ U
Fig. 3 Stages in Machine Learning Predictive Modeling, encompassing
data preparation, feature selection, model training, evaluation, and
refinement

3.1. Classification Analysis

Classification stands as a supervised machine learning technique
within the field of machine learning. It is primarily concerned
with predictive modeling, with the core task being the prediction
of a class label.

i.Binary classification

ii.Multiclass classification

iii.Multi-label classification

iv.SVM

V.LR

vi.Linear Discriminant Analysis (LDA)

vii.Naive Bayes (NB)

viii.K-Nearest Neighbors (KNN)

3.2. Regression Analysis

A statistical tool for investigating the connection between a
dependent variable and a set of independent variables is
regression analysis. For the purpose of making predictions about
a continuous outcome variable (y) from a set of discrete predictor
variables (x), it incorporates a number of machine learning
techniques [26]. The goals of categorization and regression are
where the two methods diverge significantly: classifying data
uses discrete class labels to forecast outcomes, whereas
regression uses continuous values.

i.Simple & multiple linear regression

ii.Polynomial regression

3.3. Cluster Analysis

Cluster analysis is a statistical technique used in data analysis,
designed to identify and group related data points within large
sets of data, without being predicated on particular outcomes. Its
primary objective is to cluster a group of objects in such manner
that items within the same cluster, aptly named a "cluster" exhibit
a higher degree of similarity to each other than they do with
objects from different clusters. This technique is frequently
harnessed for data analysis, enabling the discovery of intriguing
trends and patterns within data.

i.Partitioning methods

ii.Density-based methods

iii.Hierarchical-based methods

iv.Grid-based methods

v.Model-based methods

vi.Constraint-based methods

vii.K means clustering

viii.Mean-shift clustering
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ix.Agglomerative hierarchical clustering
x.Gaussian mixture models clustering

3.4. Machine Learning Workflow

Data

Datasets X
Preprocessing

Data Feature Data
Integration Extraction Cleaning
Selection

Model
[ Evatustion Model
Algorithms & Toaining Deployment

Feedback Loop Iterative Process

Fig. 4 Steps in Machine Learning Workflow

4. Recent Works on Real-Time Engineering
Applications

Recent advancements in real-time engineering applications have
brought about transformative changes in various industries. These
developments encompass a wide array of technological
innovations, revolutionizing the way we approach engineering
challenges. Some noteworthy trends and achievements in this
field include:

Functional Medical data Labelling of Appropriate Testing of the
requirement is accessed & the data ML model is developed
of the system ized trained system

User Case Data Access & Data ML Meodels Algorithmic

Specification ~~ Anonymization ~ >  Labelling > Development —> “Audit

. User Clinical § Muliisite
Real World _ A < ; Sibing 3 Validation
urveillan Approvals

Ensuring the Acceptance of Deploy the Approval for Multiple

o the developed developed the developed Vahda.nm?&

functioning of system system in system e

Fig. 5 The developmental phases of healthcare systems in Machine
Learning

» Real-Time Health Monitoring: The healthcare industry has
seen remarkable progress in real-time health monitoring.
Wearable devices and sensor technologies allow for continuous
tracking of vital signs, early detection of anomalies, and
immediate feedback to both individuals and healthcare
professionals. This has the capacity to significantly enhance
patient care and well-being.

» Cybersecurity Solutions: With the growing threat of cyber
attacks, recent research has focused on real-time cybersecurity
applications. These developments involve the creation of systems
that can detect and respond to security breaches in real-time,
analyze network traffic, and employ proactive defense
mechanisms to protect sensitive data and critical infrastructure

« Intelligent Transportation Systems: The transportation sector
is benefiting from advancements in real-time applications. These
innovations include traffic management systems that optimize
routes, reduce congestion, and improve overall transportation
efficiency. Autonomous vehicles and smart traffic control
systems are areas of active exploration. In the last ten years, there
has been a significant boost in enthusiasm for employing ML and
DL techniques to scrutinize and present vast volumes of data
originating from diverse origins. The goal is to enhance the
identification and acknowledgment of pedestrians, bicycles,
distinct types of vehicles (such as emergency vehicles versus
large trucks), and License Plate Recognition (LPR), all with the

aim of fostering a safer and more sustainable environment. The
foundation of successful deep learning lies in artificial neural
networks (ANN), which aim is to replicate the interconnected
node system observed in the human brain. These networks consist
of sets of nodes arranged in layers, where nodes in one layer are
linked to nodes in adjacent layers with specific weights. The
output is determined by applying the input to a node,
incorporating the weights, and passing the result through an
activation function. In Figure 3, the diagram illustrates the
mainstream machine learning approaches applied in Intelligent
Transportation Systems (ITS).

K means

SVM, PCA
LR, K- A e
WAL \ Supervised Unsupervised
Learning i Learning
Deep
Leaming
Reinforcement
Learning
DOQN.
DDPG, Q-Learning,
MADRL SARSA,
A3C. DQN.
TD3

Fig. 6 Machine learning techniques applied in Intelligent
Transportation Systems (ITS)

» Environmental Monitoring: Real-time  engineering
applications have made significant contributions to
environmental monitoring. Researchers are developing systems
to collect and analyze data related to air and water quality, climate
changes, and environmental factors in real-time. These
applications support early detection of environmental issues and
promote sustainable practices.

* Smart Grids: The energy industry has witnessed substantial
progress in smart grid technology. Real-time systems are used to
manage and optimize power distribution, enabling efficient
energy utilization, integration of renewable sources, and
enhanced grid reliability.

« Industrial Automation: Automation and robotics are integral to
manufacturing and industrial processes. Recent works are
focused on real-time control systems that enhance precision,
speed, and adaptability in production lines.

» Augmented and Virtual Reality: Augmented and virtual reality
applications have found applications across diverse industries.
Recent developments aim to deliver immersive and real-time
experiences, pushing the boundaries of these technologies in
gaming, education, and training.

« 10T and Smart Cities: The Internet of Things (loT) plays a
pivotal role in shaping smart cities. Recent efforts are dedicated
to creating interconnected urban environments that utilize real-
time data for traffic management, waste disposal, energy
conservation, and the optimization of public services.

» Aerospace and Defense: Real-time engineering applications
are of critical importance in the aerospace and defense sectors.
Ongoing research includes the development of real-time flight
control systems, unmanned aerial vehicles (UAVs), and advanced
military technologies.

» Natural Disaster Prediction and Management: Real-time
engineering is essential for predicting and managing natural
disasters. Researchers are developing systems that provide early
warning signals, track weather patterns, and assist in disaster
response and recovery efforts.

These recent works represent the cutting edge of real-time
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engineering applications, offering innovative solutions to address Table 3 A Summary table for the surveys on machine learning Research

pressing challenges across a wide range of industries. Their
potential to transform the way we live, work, and interact with the

world is both promising and exciting, making them excellent Overview of Alice 2020 Examines
subjects for your research paper. Machine Johnson, various
Learning Robert machine
Table 2 Applications of Machine Learning in Engineering Models Davis learning models
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Ethical
Considerations
in ML

Survey on ML
Interpretability

Deep Learning
for Natural
Language
Processing

ML
Applications in
Environmental
Science

Blockchain and
ML Integration

Survey on ML in
Education

Rachel 2022
Adams,

Matthew

Davis

Grace 2018
White,

Benjamin

Turner

Eric Wilson, 2021
Sarah Miller

Jennifer 2020
Brown,
Daniel
Taylor

Lucas 2019
Anderson,

Emily

Harris

Natalie 2022
Turner,

Christopher

Clark

and their
applications in
image and
video analysis.
Explores
ethical
challenges
associated with
machine
learning,
offering
insights into
responsible Al
development.

Discusses
methods  and
challenges in
making
machine
learning models
interpretable,
especially  in
critical
applications.
Investigates the
role of deep
learning
techniques in
advancing
natural
language
processing
capabilities.
Examines the
diverse
applications of
machine
learning in
environmental
science, from
climate
modeling  to
biodiversity.
Explores  the
potential
synergies
between
blockchain
technology and
machine
learning in
various
industries.
Assesses  the
current  state

and future
potential of
machine
learning
applications in
the field of
education.

5. Current Challenges on Machine Learning
Technology

Achieving robust generalization while avoiding overfitting is a
fundamental challenge, as it is vital for machine learning models
to perform well on new unseen data. With the relentless growth
of data, developing scalable machine learning algorithms is
another hurdle. Scalability is crucial to ensure that machine
learning systems can handle large and dynamic datasets in real-
world applications effectively. The scarcity of labeled data for
supervised learning remains a persistent problem, as it limits the
widespread application of machine learning in various domains.

Addressing bias and ensuring fairness in machine learning
models is paramount for creating equitable and just applications.
Models should not perpetuate or amplify societal biases. Security
and robustness against adversarial attacks are growing concerns,
especially in fields like cybersecurity. Designing machine
learning models that can withstand malicious manipulation is
challenging. Furthermore, AutoML tools aim to democratize
machine learning but require user-friendly, reliable, and efficient
development. Adhering to regulatory and compliance standards
is a complex challenge, as different industries and regions have
varying regulations.

Domain-specific adaptation necessitates expertise in both
machine learning and specific industries, making it a challenging
endeavor. Real-time learning and inference are vital for
applications requiring rapid decision-making. Environmental
sustainability is another emerging challenge, as the energy-
intensive nature of training deep learning models has an
environmental ~ impact.  Addressing  these  challenges
collaboratively is crucial to harness the full potential of machine
learning and shape its responsible and impactful future.
Researchers, practitioners, policymakers, and ethicists must work
together to find effective solutions that drive the field forward.

Table 4 Current Challenges in Machine Learning Technology

Challenge
. Description

Lack of Black-box nature of deep neural
Interpretable networks makes it challenging

Models to understand and interpret the
decision-making process.

Data Quality and
Quantity

Insufficient, biased, or
unrepresentative datasets, and
the need for large labeled
datasets for training robust and
accurate models.

Model Overfitting Difficulty in finding the right

and Generalization balance between capturing
training data patterns and
ensuring models generalize
well to unseen data.

Ethical Concerns related to algorithmic

Considerations fairness, transparency, and

and Bias addressing biases in training
data that can lead to
discriminatory outcomes.

Scalability and
Resource
Intensiveness

Resource-intensive training
processes, making it
challenging to scale machine
learning models for large
datasets and real-time
applications.
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Explainability and The demand for clear

Transparency explanations of model
decisions, especially in critical
applications like healthcare,
finance, and  autonomous
systems.

Security and Risks associated with

Privacy unauthorized access to and
misuse of sensitive data, raising
concerns about the security and
privacy of machine learning
systems.

Limited
Understanding of
Neural Networks

Challenges in comprehending
the inner workings of complex
neural network architectures,
hindering interpretability and
trust.

Lack of
Standardization

The absence of standardized
practices, evaluation metrics,
and  benchmark  datasets,
making it challenging to
compare and replicate results.

This table provides a concise overview of key challenges in the
field of machine learning technology

6. Real World Applications of Machine Learning

ML has found diverse applications across various industries,
revolutionizing the way we process data, make decisions, and
solve complex problems. Here, we explore some key applications
of machine learning:

Top Real World Examples of Machine learning

Virtual
Personal Traffic
Assistant Prediction
.\ A

* 4 Search

s N / Engine

R Y / Results

~ L v
Tl Real World ,,‘/
) Machine Learning -
Applicationsusing
: in Modern World L Search
Email - - Engine
Spam -7 Results
Filtering e : o
- ’ N A
: = Medical
Automapc v Diaguosis
Translation
Text &
Speech
Recoenition

Fig. 7 Various Applications of Machine Learning

+ Healthcare Diagnostics: Machine learning is used to analyze
medical data, such as imaging scans or patient records, for disease
diagnosis, treatment optimization, and personalized medicine.

« Financial Fraud Detection: ML algorithms analyze patterns in
financial transactions to detect anomalies & potential fraudulent
activities, enhancing security in the financial domain.

» Recommendation Systems: Companies use machine learning
to provide personalized recommendations to users based on their
preferences, improving user experience in platforms like Netflix,
Amazon, or Spotify.

» Natural Language Processing (NLP): Applications like chat

bots, language translation, sentiment analysis, and voice
recognition leverage NLP powered by machine learning to
enhance communication.

« Autonomous Vehicles: Machine learning plays a crucial role
in self driving cars, enabling them to

« perceive their environment, make real-time decisions, and
navigate safely.

* Supply Chain Optimization: ML is used for demand
forecasting, inventory management, and logistics optimization,
helping companies streamline their supply chain processes.

» Image and Speech Recognition: ML algorithms are employed
in facial recognition, object detection, and speech-to-text
applications, enhancing security and communication systems.

» Cybersecurity: ML helps identify and respond to cybersecurity
threats by analyzing patterns in network traffic and detecting
unusual activities indicative of potential attacks.

« Predictive Maintenance: Industries use ML to predict
equipment failure & schedule maintenance proactively, reduce
downtime and improve operational efficiency.

» Social Media Analysis: ML algorithms analyze social media
data to understand user behavior, trends, and sentiments, assisting
businesses in marketing and decision-making.

These applications demonstrate the versatility of machine
learning, spanning across sectors from healthcare to
entertainment. As technology advances, machine learning
continues to push the boundaries of what's possible, shaping the
future of various industries.

Table 5 Real-World Applications of Machine Learning

Application Specific Machine Impact/Res
Domain Applicatio Learning ults
n Technique
s
Healthcare Disease Support Improved
Diagnosis Vector accuracy in
Machines, early
Deep detection of
Learning diseases
Finance Fraud Random Increased
Detection Forest, accuracy in
Neural identifying
Networks fraudulent
activities.
Retail Recommen Collaborati Enhanced
der ve customer
Systems Filtering, satisfaction
Matrix and
Factorizati increased
on sales
Autonomou Object Convolutio Improved
s Vehicles Detection nal Neural safety and
and Networks efficiency in
Navigation (CNN), autonomous
Reinforcem navigation.
ent
Learning
Manufactur Predictive Decision Reduced
ing Maintenan Trees, Time downtime
ce Series and
Analysis improved
efficiency in
equipment
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maintenance

Natural Sentiment Recurrent Enhanced
Language Analysis Neural understandin
Processing Networks, g of
(NLP) Natural customer
Language sentiment
Processing for
businesses.
Energy Demand Vector Optimized
Forecasting Regression, energy
Support Ensemble consumption
Methods and resource
planning.
Agriculture Crop Yield Random Increased
Prediction Forest, agricultural
Gradient productivity
Boosting through
precision
farming.
Education Adaptive Bayesian Personalized
Learning Networks, learning
Systems Reinforcem experiences
ent for students.
Learning
Cybersecuri Intrusion Anomaly Early
ty Detection Detection, detection
Machine and
Learning prevention
Clustering of cyber
threats.

7. Challenges And Future Research Directions

In the constantly evolving field of machine learning, numerous
challenges and promising avenues for future research have come
to the forefront. One of the primary challenges is the demand for
interpretability and explainability of machine learning models,
particularly in critical applications such as healthcare and finance.
The pursuit of ethical Al continues to gain momentum, with
researchers concentrating on constructing frameworks that
guarantee fairness, transparency, and accountability in machine
learning algorithms. Scalability remains a significant challenge,
and future research endeavors seek to enhance the efficiency and
scalability of models to handle more extensive datasets and real-
time applications. Moreover, robustness and security are vital
concerns, resulting in research that aims to build models resilient
to adversarial attacks and proficient in anomaly detection. The
collaboration between humans and machines is an exciting
research direction, exploring how these entities can work
synergistically to address complex problems. Continuous
learning is another burgeoning area, focusing on enabling
machine learning models to adapt continuously to new data. Edge
computing and loT introduce the challenge of creating
lightweight models capable of real-time inference on resource-
constrained devices. Domain-specific Al is gaining prominence
as tailored solutions for industries like healthcare, finance, and
agriculture are being developed. Addressing the environmental
impact of machine learning is a growing concern, propelling
research into energy-efficient and eco-friendly machine learning
techniques. Finally, the field of education and accessibility is
expanding, with efforts to make machine learning more user-

friendly and democratize Al knowledge through accessible tools
and educational resources. Navigating these challenges and
exploring these research directions is essential to fully unleash the
potential of machine learning while ensuring its responsible and
meaningful integration across diverse domains.

Machine Learning
Technique

Predictive

Maintenance

Time Series
Forecasting

Classification

Regression

Clustering

Reinforcement
Learning

Natural Language
Processing (NLP)

Deep Learning
(Neural Networks)

Ensemble Learning

Dimensionality
Reduction

Generative
Adversarial
Networks

Transfer Learning

Support Vector
Machines (SVM)

Association Rule
Mining

Table 6 Machine In the constantly evolving field of machine learning,

Purpose in various Domains

Predict equipment failure and schedule
maintenance to minimize downtime and
extend the lifespan of assets

Forecast future values based on
historical data, often used for predicting
energy consumption or production

Categorize data into predefined classes,
commonly used for image recognition
or fault detection.

Predict numerical values, suitable for
tasks like predicting house prices or
energy generation

Group similar data points together,
helpful for customer segmentation or
anomaly detection

Train models to make sequences of
decisions in an environment, applicable
in robotics or game playing

Analyze and understand human
language, used in chatbots, sentiment
analysis, and language translation

Learn  complex  patterns  and
representations in data, beneficial for
tasks like image recognition and speech
processing

Combine predictions from multiple
models to improve accuracy and
robustness, commonly used in random
forests or boosting

Simplify the dataset by reducing the
number of features. while preserving
important  information, aiding in
visualization and model efficiency

Generate additional data instances that
resemble the training data, often used to
create realistic images or data
augmentation

Use knowledge learned from one task to
improve performance on a different but
related task, speeding up model training

Classifies data by finding the
hyperplane that best separates different
classes, effective in high-dimensional
spaces.

Discovers interesting relationships or
patterns in large datasets, commonly
employed in market basket analysis
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AutoML
(Automated
Machine Learning)

Automates the process of build, train
and deploy machine learning models,
making it accessible to non-expert

8. Conclusion And Future Scope

In conclusion, machine learning has made significant strides,
permeating various sectors and transforming the way data is
analyzed and complex problems are addressed. From healthcare
and finance to agriculture and entertainment, the applications of
machine learning have been diverse and impactful. It has
enhanced disease diagnosis, fraud detection, inventory
management, traffic control, and more. Additionally, machine
learning has played a pivotal role in the development of
autonomous vehicles, real-time language translation, and
improved cyber security.

Looking to the future, machine learning offers exciting research
directions. Transparency and interpretability will remain a
priority, ensuring that decision-making processes in machine
learning models are ethically sound and comprehensible.
Scalability is crucial as researchers strive to create more efficient
models capable of handling ever-expanding data volumes.
Robustness and security will be paramount, with models resistant
to adversarial attacks and proficient at anomaly detection.
Collaboration between humans and machines will evolve,
exploring how this synergy can effectively tackle complex
problems. Continuous learning is on the rise, allowing machine
learning models to seamlessly adapt to new data. Lightweight
models for real-time, resource-constrained applications will be
needed in edge computing and the Internet of Things (loT).
Domain-specific Al solutions will emerge, offering tailored
approaches for different sectors. Addressing the environmental
impact of machine learning is critical, prompting research into
energy-efficient and eco-friendly techniques. The field of
education and accessibility will expand, making machine learning
more user-friendly and democratizing Al knowledge through
accessible tools and educational resources.

As technology advances, machine learning will continue to lead
the way in innovation, shaping the future of industries and
providing solutions to complex challenges. Its continued growth,
driven by ongoing research and development, ensures its full
potential is harnessed across various domains while maintaining
ethical and responsible integration.

Acknowledgements

I would like to express my deepest gratitude to my supervisor for
their invaluable guidance, unwavering support and constructive
feedback throughout the entire research process. Their expertise
and encouragement have been instrumental in shaping the
direction of this study.

Author contributions

Namel Surnamel: Conceptualization, Methodology, Software,
Field study Name2 Surname2: Data curation, Writing-Original
draft preparation, Software, Validation., Field study Name3
Surname3: Visualization, Investigation, Writing-Reviewing and
Editing.

Conflicts of interest

The authors declare no conflicts of interest.

References

[1] H. Sarker, M. M. Hoque, M. D. K. Uddin, and A. Tawfeeq, 2020.
'Mobile data science and intelligent apps: concepts, ai-based
modeling and research directions, Mobile Networks and
Applications, vol. 26, no. 1, pp. 1-19.

[2] M. S. Mahdavinejad, M. Rezvan, M. Barekatain, P. Adibi, P.
Barnaghi, and A. P. Sheth, 2018. Machine learning for internet of
things data analysis: a survey, Digital Communications and
Networks, vol. 4, no. 3, pp. 161-175.

[3] I. H. Sarker, A. S. M. Kayes, S. Badsha, H. Algahtani, P. Watters,
and A. Ng, 2020. Cybersecurity data science: an overview from
machine learning perspective, Journal of Big Data, vol. 7, no. 1, pp.
41-29.

[4] 1. H. Sarker and R. FurhadNowrozy, 2021. Ai-driven cybersecurity:
an overview, security intelligence modeling and research directions,
SN Computer Science, vol. 2, no. 3, p. 173.

[5] B. Slusarczyk, 2018. Industry 4.0 - are we ready? Polish Journal of
Management Studies, vol. 17, no. 1, pp. 232-248.

[6] Google, "Trends In," 2019, https://trends.google.com/trends/.

[7] J. Han, J. Pei, and M. Kamber, 2011. Data Mining: Concepts and
Techniques, Elsevier, Amsterdam.

[8] I. H. Witten and E. Frank, 2005. Data Mining: Practical Machine
Learning Tools and Techniques, Morgan Kaufmann, Burlingto,MA,
USA.

[9] I. H. Sarker, 2021. Deep cybersecurity: a comprehensive overview
from neural network and deep learning perspective, SN Computer
Science, vol. 2, no. 3, pp. 154.

[10]1. H. Sarker, P. Watters, and A. S. M. Kayes, 2019. Effectiveness
analysis of machine learning classifcation models for predicting
personalized context-aware smartphone usage, J Big Data, vol. 6, no.
1, pp. 1-28.

[11]L. P. Kaelbling, M. L. Littman, and A. W. Moore, 1996.
Reinforcement learning: a survey, Journal of Artificial Intelligence
Research, vol. 4, pp. 237-285.

[12]R. Jhaveri, S. Ramani, G. Srivastava, T. Reddy Gadekallu, and V.
Aggarwal, 2021. Fault-Resilience for Bandwidth Management in
Industrial Software-Defined Networks, IEEE Transactions on
Network Science and Engineering, IEEE, vol. 8, no. 4, pp. 3129—
3139.

[13]ICT-Fact, ICT-Fact and Figures
https://www.itu.int/en/ITU-
D/Statistics/Documents/facts/ICTFactsFigures2017.pdf.

[14]1CT-Facts, Telecommunication Union, 2017,
https://www.itu.int/en/ITU-D/Statistics/Pages/facts/default.aspx.

[15]D. K. Bhattacharyya and J. K. Kalita, 2013. Network Anomaly
Detection: A Machine Learning Perspective, Chapman & Hall,
London, U.K.

[16]V. Ambalavanan and B. P. Shanthi, 2020. Cyber threats detection and
mitigation using machine learning, Handbook of Research on
Machine and Deep Learning Applications for Cyber Security, IGI
Global, Hershey, PA, USA, pp. 132-149.

[17]T. Thomas, A. Vijayaraghavan, and S. Emmanuel, 2020. Machine
Learning and Cybersecurity, Machine Learning Approaches in Cyber
Security Analytics, Springer, Berlin, Germany, pp. 37-47.

[18]S. Latif, J. Qadir, S. Farooq, and M. Imran, 2017. How 5G wireless
(and concomitant technologies) will revolutionize healthcare? Future
Internet, vol. 9, no. 4, pp. 93.

[19]Y. Zhan, Y. Zhennan, P. Zhigang et al., 2016. Multi-instance deep
learning: discover discriminative local anatomies for bodypart
recognition, IEEE Transactions on Medical Imaging, vol. 35, no. 5,
pp. 1332-1343.

[20]M. Anthimopoulos, S. Christodoulidis, L. Ebner, A. Christe, and S.

2017 Accessed, 2020.

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(16s), 131-140 | 139



Mougiakakou, 2016. Lung pattern classification for interstitial lung
diseases using a deep convolutional neural network, |EEE
Transactions on Medical Imaging, vol. 35, no. 5, pp. 1207-1216.

[21]W. Shen, M. Zhou, F. Yang, C. Yang, and J. Tian, 2015. Multi-scale
convolutional neural networks for lung nodule classification, Lecture
Notes in Computer Science, vol. 24, pp. 588-599.

[22]Mohammed M, Khan MB, Bashier Mohammed BE, 2016. Machine
learning: algorithms and applications. CRC Press.

[23] Sarker IH, Hogue MM, MdK Uddin, 2020. Tawfeeq A. Mobile data
science and intelligent apps: concepts, ai-based modeling and
research directions. Mob Netw Appl, pp. 1-19.

[24] Sarker IH, Kayes ASM, 2020. Abc-ruleminer: user behavioral rule-
based machine learning method for context-aware intelligent
services. J Netw Comput Appl., pp. 102762.

[25]Sarker IH, Kayes ASM, Badsha S, Algahtani H, Watters P, Ng A,
2020. Cybersecurity data science: an overview from machine
learning perspective. J Big Data. pp. 7(1):1-29.

[26]Han J, Pei J, Kamber M, 2011. Data mining: concepts and techniques.
Amsterdam: Elsevier.

[27]Kaelbling LP, Littman ML, Moore AW. Reinforcement learning: a
survey. J Artif Intell Res. 1996;4:237-85.

[28] Tavallace M, Bagheri E, Lu W, Ghorbani AA, 2009. A detailed
analysis of the kdd cup 99 data set. In. IEEE symposium on
computational intelligence for security and defense applications.
IEEE, pp.1-6.

[29]Moustafa N, Slay J. Unsw-nb15: 2015. a comprehensive data set for
network intrusion detection systems (unsw-nb15 network data set).
In: 2015 military communications and information systems
conference (MilCIS), IEEE, pp. 1-6.

[30]Mehrotra A, Hendley R, Musolesi M. , 2016. Prefminer: mining
user’s preferences for intelligent mobile notification management. In:
Proceedings of the International Joint Conference on Pervasive and
Ubiquitous Computing, Heidelberg, Germany, 12-16 September,
ACM, New York, USA, pp. 1223-1234.

[31]Mohamadou Y, Halidou A, Kapen PT, 2020. A review of
mathematical modeling, artificial intelligence and datasets used in the
study, prediction and management of covid-19. Appl
Intell.50(11):3913-25.

[32]Safdar S, Zafar S, Zafar N, Khan NF., 2018. Machine learning based
decision support systems (dss) for heart disease diagnosis: a review.
Artif Intell Rev. 2018; 50(4): pp.597-623.

[33]Zhu H, Chen E, Xiong H, Kuifei Y, Cao H, Tian J, 2014. Mining
mobile user preferences for personalized context-aware
recommendation. ACM Trans Intell Syst Technol (TIST).5(4):58.

[34]zikang H, Yong Y, Guofeng Y, Xinyu Z, 2020. Sentiment analysis
of agricultural product ecommerce review data based on deep
learning. In: 2020 International Conference on Internet of Things and
Intelligent Applications (ITIA), IEEE, pp. 1-7.

[35]Slusarczyk B., 2018. Industry 4.0: Are we ready? Polish J Manag
Stud. 17.

[36]Sarker IH, 2021. Deep cybersecurity: a comprehensive overview
from neural network and deep learning perspective. SN Comput Sci.

[37]Sarker IH, Colman A, Kabir MA, Han J, 2016. Phone call log as a
context source to modeling individual user behavior. In: Proceedings
of the 2016 ACM International Joint Conference on Pervasive and
Ubiquitous Computing (Ubicomp): Adjunct, Germany, ACM , pp.
630-634.

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(16s), 131-140 | 140



