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INTRODUCTION

Artificial Intelligence (AI), Machine Learning (ML),
and Deep Learning (DL) are today a big component of daily
life, shaping the way of how we interact with diverse infor-
mation and apply the technology. Al is about formation of
machines that have the ability to think and act in ways same
as humans. ML is a branch of AI that enables the systems
to learn from data and be developed over time without the
need for direct programming. DL takes things to the next
level —Using layered neural networks that are modeled
after the human brain to deal with more complicated tasks.

The use of these technologies is widespread, from voice
assistants and recommendation systems to image recog-
nition and self-driving cars. By making processes faster,
automating routine work, and creating personalized expe-
riences, they are making a difference in industries such as
healthcare, finance, and education.

While people may use Al, ML, and DL interchangeably,
they do not mean the same thing. Figure 1 shows a chart
that highlights their key differences, and the sections that
follow explain AL, ML, DL, and RF in more detail, including
the main algorithms used in each field.

This comprehensive review delves into the transfor-
mative impact of Al which is the umbrella of ML, and DL
across 14 diverse engineering domains. Our contributions
are summarized in the following three points.
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Figure 1. Al, ML, and DL configuration.

o Each engineering type is meticulously examined, unrav-
eling the employed methodologies, innovative applica-
tions, and succinct summaries of outcomes;

o This research illuminates the pervasive influence of
cutting-edge technologies in reshaping and optimizing
various facets of engineering, offering a valuable syn-
thesis of advancements that bridge theory and practical
implementation; and

o A statistical section is also provided that clarifies the
percentages of Al, ML, and DL application in the engi-
neering fields.

These contributions collectively advance the under-
standing of AL, ML, and DLs role in engineering, providing
a foundational reference for future research and develop-
ment, which is the novelty of this work.

Artificial Intelligence

In simple words, Al is the process of transferring the
information, data, human intelligence to machines. The
fundamental objective of artificial intelligence is the devel-
opment of autonomous entities endowed with the capacity
for human-like thought processes and actions. Such enti-
ties execute tasks by engaging in problem-solving through
research and emulation of human behaviors. The major-
ity of AI systems emulate natural intelligence in order to
address intricate challenges [1].
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The word Al refers to the computer algorithms, which
simulate cognitive processes or activities observed in living
organisms. Nowadays, Al is integrated into the scientific
discovery for many purposes such as collect and interpret
large datasets, design and guide experiments, helping sci-
entists to introduce some hypotheses, accelerate research
process, provide reliable and actionable models integrated
with the scientific workflows, and refine measurements.
Moreover, Al can be used in decision-making, suggestion,
problem-solving, estimating, understanding, and learning
[2-3]. AT along with the Internet of Things (IoT) are man-
datorily required to handle massive data effectively in less
time by applying the theorem of algorithms even though
the training along with the execution of the algorithms
requires substantial storage, power, and massive data to be
trained [4-5]. Nowadays several Al tool are used not only
in engineering field but in general, the following subsec-
tion discuss the most known one, which is helpful for the
researchers in general.

ChatGPT

OpenAl introduced ChatGPT, a generative pre-trained
transformer model [6], which is defined as an intelligent
chatting robot that has the ability to give an immediate
response based on the instruction provided by the user [7].

@ You

Give me only one paragraph about Al

ChatGPT

For instance, Figure 2 shows a request from the user ask-
ing ChatGPT to give knowledge about Al in only one para-
graph and the response was exactly as requested. ChatGPT
showed an incredibly powerful in generating several tasks
extended from trivial tasks to several language understand-
ing. Some of these tasks are story writing, debugging, gram-
matical correction, and multilingual machine translation
[7]. Moreover, natural language processing problems could
be also solved by ChatGPT such as semantic annotation
and acceptance of the text going towards natural language
understanding (NLU) like word sense disambiguation
(WSD), providing answers for the provided questions in
the input text box, a relatively simple binary classification
of texts like spam, aggression detection, sarcasm, and other
tasks like a more complex multi-class and multi-label classi-
fication of texts such as sentiment analysis, emotion recog-
nition [8]. These days, ChatGPT has gained much attention
due to its ability to provide high-quality as well as fluent
responses [9]. However, this tool is very helpful if and only
if it is used wisely, the educational facilities can encourage
academic integrity and avoid the disruptive impacts of this
technology by introducing guidelines and clear policies
[10]. GPT is being improved continuously started from
GPT 1 to GPT 4, Table 1 clarifies the differences between
these versions [7].

Artificial Intelligence (Al) refers to the development of computer systems that can

perform tasks that typically require human intelligence, such as learning, reasoning,

problem-solving, and language understanding. Al utilizes various techniques,

including machine learning, neural networks, and natural language processing, to

enable machines to analyze data, adapt to changing circumstances, and make

decisions. From voice assistants and recommendation algorithms to autonomous

vehicles and medical diagnosis systems, Al has become an integral part of modern

technology, transforming industries and shaping the way we interact with and perceive

machines. As Al continues to advance, ethical considerations, transparency, and

responsible deployment remain critical to ensure its positive impact on society.

Figure 2. An example of how ChatGPT works.

Table 1. Comparison between GPT-1, GPT-2, GPT-3, and GPT-4

Released year ~ Context window Size of pre-training data Data source Learning target
GPT-1 2018 512 tokens Around 5 GB Book corpus and Unsupervised learning
Wikipedia
GPT-2 2019 1024 tokens 40 GB Web text Multi-task learning
GPT-3 2020 2048 tokens 45TB Common crawl In-context learning
GPT-4 2023 8195 tokens Unavailable information Unavailable Multimodal learning

information
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Machine Learning

The field of machine learning (ML) has undergone
substantial advancements over the preceding two decades,
transitioning from an experimental pursuit confined to lab-
oratories to a pragmatic technology entrenched in perva-
sive commercial application. Within the domain of AI, ML
has ascended as the preeminent approach for the formula-
tion of functional software across diverse domains such as
computer vision, speech recognition, natural language pro-
cessing, robot control, and various other applications [11].
ML has emerged as a crucial method for harnessing the
capabilities of data, enabling businesses to enhance their
innovation, efficiency, and sustainability [12].

ML involves the examination of data and the creation
of algorithms to make predictions based on the, previously,
trained data. ML programs rely on a computer’s ability to
learn without explicit programming. The ML model may
either be predictive or descriptive, to gather information
about input data [13].

Constructing an effective machine learning model
involves two crucial stages: training and testing. During the
training phase, a significant and research-intensive process,
the system is presented with labeled or unlabeled inputs.
These inputs are stored in the feature space for future ref-
erence in making predictions. Subsequently, in the testing
phase, the system is presented with an unlabeled input,
and it must predict the correct output based on its training
[14]. ML enhances task performance and productivity by
incorporating learning mechanisms and self-correction in
response to new data by five main steps, which are clarified
in Figure 3 [15].

In the first step, the required data will be collected from
several sources such as World bank or Kaggle, and in the sec-
ond step some analysis for the data will be made such as the
missed data, or handling the invalid data by several analyti-
cal techniques and finally the data will be preprocessing for
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STEP 3

Train model

Test model

STEP 5

Model
deployment
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Figure 3. steps of applying ML.
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feature extraction, feature analysis, and data visualization.
The data then will be divided into two main parts for two
main goals; training and testing. In the third step, the testing
part of the available dataset will be used to train the model
by various ML algorithms. In the fourth step, the accuracy
of the model will be tested by the second part (testing part of
the data). And in the fifth step, model deployment, the ML
model will be integrated with an existing production envi-
ronment that takes the input and gives the output to make
decision making or to achieve any another goal. Several tech-
nologies can be used to deploy the ML model such as: Azure
ML Service, Docker, Kubernetes, MLFlow, AWS SageMaker.
Finally, the last step the obtained model will be monitored
from several aspects such as the crashes, errors and to assure
that the model still provides the desired performance [15].
In general, ML have wide advantages and benefits, which
are shown in Figure 4, and accordingly this promotes it to
be applied in several applications as represented in Figure 5
[15]. ML is divided into three main types, and each type is
familiar with specific sorts of dataset. These three types are
clarified in Figure 6 [16].

Supervised Learning

The preeminent ML type is the supervised learning
model, primarily employed for addressing practical appli-
cations in the real world [17]. This model predicts results
based on specific input sets and pairs of input/output
examples. Each training dataset in supervised learning
comprises input goals, an input vector, and a desired output
value known as a supervisory signal. These examples train
machine learning algorithms, leading to the derivation
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of a classifier function through dataset analysis. The goal
of supervised learning training algorithms is to forecast
one or multiple outcomes using different input features.
While supervised learning is effective, it has the limita-
tion of necessitating a substantial amount of labeled data
for the creation of a comprehensive labeled dataset [18].
Supervised learning models are widely employed for tasks
involving classification and regression as shown in Figure 6.

The supervised learning is divided into two main parts,
classification and regression. When it comes to classifica-
tion, a computer program is trained on a designated data-
set.. Through this training process, the program organizes
the data into distinct class labelsThe value of this algorithm
lies in its ability to predict discrete values, such as differen-
tiating between males and females, , determining whether a

statement is true or false, or recognizing if an item is spam
or not. In contrast, the goal of the regression algorithm is to
locate a mapping function that connects input variables (x)
to a continuous output variable (y). The use of these algo-
rithms involves forecasting continuous values, such as pre-
dicting salaries, prices, ages, marks, and similar variables.
The primary objective of the ML - supervised type is
to perform classification or prediction. A predefined set of
examples is used by these methods to categorize and predict
class labels. Classification samples can either be assigned
to a specific class or cannot be assigned to a specific class.
Partial membership in a class is not considered.. The accu-
racy of all classification and prediction models achieved
is always affected by the presence of missing values. There
are two classification types: binary and multiclass. Binary
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classification is the process of sorting data into two cate-
gories. For example you might be predicting “yes” or “no’,
spam, or even no regression at all (just saying something
fails one of your tests).. In most cases, these two groups
are represented as 0 and 1. On the other hand, multiclass
classification deals with three or more predictable classes,
such as identifying different cancer stages, where classes are
denoted as 0, 1, 2, and so forth.

A technique to solve the problem is supervised learning
as illustrated in Figure 7 [14], and the way of working the
input data for this purpose is shown in Figure 8. After that,
the procedure includes: Such approach usually requires
some steps. First of all, the kind of training examples is one
of the most important sources to be determined when we

seek for a solution to a problem. Second, a training dataset
is established by foremen or real measurements. The data-
set should be representative of real-world scenarios such as
the location in which the model will be operating. And the
input features must be selected carefully (i.e., they should
carry sufficient information to make accurate prediction
following Eq. Eventually, the proper training algorithm
is chosen to train the model. The assembled training set
is then used with the learning algorithm once design has
concluded. At this level, some supervised learning tech-
niques may require human intervention to fix the values
of certain control parameters, in particular when it comes
to prediction task [19].

Steps to solve a problem by the supervised learning
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the model

STEP 1
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and preparing

Figure 7. Followed steps in supervised learning.
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Unsupervised Learning

In the second type, unsupervised learning, the algo-
rithm learns from an unlabeled dataset and endeavors to
comprehend the data by autonomously extracting features,
identifying co-occurrences, and revealing underlying pat-
terns [20].

Unsupervised machine learning serves the purpose of
discovering concealed patterns in data without predefined
labels. Various effective applications have employed this
approach, but their evaluation can be challenging. This
difficulty arises from a deficiency in training related to
unsupervised machine learning, leading to a lack of clear
measures such as error or reward indicators for assessing
potential solutions. The absence of a reward signal is a
notable distinction between supervised and unsupervised
machine learning. In statistical applications, unsupervised
learning finds utility in approximating data density.

Neural network model (NN) [21], self-organizing map
(SOM) [22], and adaptive resonance theory (ART) [23]
are unsupervised learning. Unsupervised learning con-
sists of two steps: data transformation and clustering. Data
Transformation During this step, the dataset is modified to
represent information in a different and easier-to-under-
stand format: for humans/key stakeholders and machine
algorithms. Clustering methods are used to categorize data
into clusters of similar items. One of the most basic and
straightforward algorithms is K-means clustering which
groups similar set of data. It operates in two steps: during
the assignment step, datapoints are assigned to their clos-
est cluster center; while in the update step the cluster cen-
ters are updated as the mean of all points belonging to that
cluster.

One of the main problems with unsupervised learning
is knowing how well it works. In supervised learning, out-
comes can be checked against identified labels; in unsuper-
vised learning there are no right answers — and it’s harder
to evaluate accuracy. For this reason, it’s often applied for

exploration, such as finding patterns in data and prepar-
ing the data for supervised algorithms. . In fact, trying out
new ways of representing data with unsupervised methods
can sometimes improve the performance of supervised
models.

To figure out the difference between the classification,
regression, and clustering, Figure 9 shows a representation
for them and how they can be applied in the data analy-
sis. Most of the ML models can apply both types of data,
the labelled and the unlabeled, in some certain conditions.
However, labelled data are employed in supervised learning
[14].

Reinforcement

The third approach, reinforcement learning (RL), is a
branch of machine learning that deals with agents which
are able to take decisions in an environment aiming to
maximize rewards across time. The environment is the
stage on which the agent learns and acts. The environ-
ment reacts to the actions of the agent by either providing
rewards or transitioning to another state. In the reinforce-
ment learning approach, the emphasis is not on instruct-
ing the agent on how to perform a specific task but on
providing incentives, either positive or negative, based on
the agent’s behavior [24]. In this type, the model acquires
behavior in an environment by taking actions and assess-
ing the resulting reactions. In RL, the objective is to select
actions that optimize positive outcomes in specific situa-
tions. The reinforcement model determines which actions
to undertake for a given task, emphasizing the importance
of learning from experience.

Used Algorithms

In this paper, we examine machine learning (ML) algo-
rithms in three primary categories: reinforcement learning,
supervised learning, and unsupervised learning. Support
vector machines (SVM), decision trees, and neural networks
are typical examples of supervised learning models that use
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Figure 9. Representation of classification, regression, and clustering.
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Figure 10. List of used algorithms used in ML.

labeled data to predict results for new inputs. Unsupervised
learning dives into unlabeled data, looking for patterns or
hidden structures. Think of methods like K-means clus-
tering, Principal Component Analysis (PCA), or gaussian
mixture models (GMM)—they all help make sense of data
that doesn’t come with instructions. Reinforcement learn-
ing takes a different approach. Here, the goal is to train
agents to make smart decisions in unpredictable settings by
using rewards and penalties. Popular algorithms in this area
include Q-learning, deep Q networks (DQN), and Policy
Gradient Methods. This section gives a quick look at the

machine learning algorithms used in this research. Figure
10 shows which algorithms belong to each category [15,25].

Decision Tree

The decision tree algorithm provides a visual guide for
navigating a series of choices or decisions that are guided by
specific conditions. As a subtype of the classification tree, it
organizes instances into various categories based on their
property values. Each node within the decision tree embod-
ies a unique characteristic of an instance essential for classi-
fication [26]. Figure 11 shows the schematic representation
of the decision tree algorithm [27].

Condition 1

Yes P T~ - No
- ~
e -
Condition 2 Condition 3
S
P 7 ~ ~ N 7 - ~ ~
Yes/ ~ ~_ No Yes -~ ~_ No
Ve A y's Sa
‘ Decision 1 J ‘ Decision 2 } ‘ Decision 3 J ‘ Decision 4 J

Figure 11. Decision tree algorithm principle.
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Logistic Regression

Logistic regression is a statistical technique employed
for prediction and classification. It is particularly effective
for forecasting categorical results and can operate with both
categorical and continuous input variables. The primary
objective is to assess the likelihood of an event happening
based on the specified independent variables. Since the out-
put represents a probability, the dependent variable always
falls between 0 and 1. This logistic regression model is for-
mally expressed through Equation (1) [28] and Figure 12
clarifies the representation of this algorithm [29].

Log ({55) = Bo+ BiXs + BoXo + -+ BuXn

(1)
+ /312X1X2 + +:3n—1,an—1Xn

Where p is the probability which is associated with an
event occurrence, 3, is the coefficient of the intercept term,

F-—-—e-¢--@¢--00-————————————— oo ry eee —__ -0 ——-

Threshold Value

[~ 0900000000090 @~~~ ———————————————— - -0-—0 -8 - ————--—-

and f;to f3, are the coefficients of the independent variables
(X, to X,).

Support Vector Classifier (SVC)

Support Vector Classification (SVC) is a significant
supervised machine learning technique employed to exam-
ine input data and recognize patterns for classification and
regression activities. It is commonly utilized in fields like
digit recognition, handwriting assessment, facial detection,
cancer diagnosis, and forecasting time series [30].

Vapnik and Cortes invented the Support Vector
Machine (SVM) algorithm, a highly successful machine
learning technique recognized for its prowess in data analy-
sis and pattern recognition. It is a crucial tool for binary and

SVM hyperplane

Support vectors

Figure 12. Logistic regression algorithm representation.

Figure 13. representation for SVC algorithm.

Datas
Feature 1 Feature 2 Feature
!(K/\ x}k
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Final class

Figure 14. Representation for random forest tree algorithm.
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multi-class classification because of its capacity for global
optimization and resilience against overfitting. SVM’s ver-
satility has been demonstrated by its successful applications
in fields like gene-function prediction, text classification,
handwriting recognition, and remote sensing. Although it
works most effectively with smaller datasets, outliers and
the selection of kernel functions can affect how effective it
is. Moreover, the efficacy of SVM hinges significantly upon
judicious selection and fine-tuning of kernel functions [31].
Figure 13 shows the representation of this algorithm.

Random Forest Classifier

The risk of overfitting that frequently arises with sin-
gle decision trees is lessened by the Random Forest algo-
rithm. It is an ensemble method, meaning it trains multiple
decision trees at the same time. Each tree makes its own
prediction, and the final result is determined by combining
these predictions—using averaging for regression tasks or
majority voting for classification tasks [28]. Refer to Figure
14 for a graphical depiction of this algorithm.

Deep Learning

The notion of deep learning (DL) has a longstanding
history, but recent years have witnessed its transformation
due to the accessibility of extensive datasets and advance-
ments in computing capabilities. Deep Learning (DL) is a
rapidly growing field that has become widely popular in
recent years [32]. This approach employs algorithms to
complete the data-driven learning process for better pre-
dictions or decisions. Neural networks are one of the most
important tools for deep learning, which makes possible to
learn from a massive amount of data [33-41]. The emer-
gence of deep learning has seriously brought us into a
new era of research and innovation; it has made significant
breakthroughs in various fields e.g., healthcare, finance,
transportation, etc [32].

Table 2. Advantages and disadvantages of AI, ML, and DL

While ML and DL are often used interchangeably, they
are distinct sides of artificial intelligence. ML involves pro-
gramming computers to learn from data without explicitly
telling them what to do. On the other hand, DL is a kind
of machine learning, which makes use of neural networks
to mimic human brain structure and functionality. They
are extremely good at learning from unstructured data and
have been incredibly successful in solving difficult prob-
lems such as image recognition, and even speech recogni-
tion. [42-48].

Based on the previous sections, and based on [49-67] a
comparative Table 3 for AI, ML, and DL is shown for better
understanding.

Applications of the Aforementioned Techniques in
Engineering

As stated, this research concentrated on showing the
applications of AI, ML, and DL in engineering fields. Table
3 illustrates how these techniques are applied in 14 fields of
engineering science.

Statistical Analysis

After closely examining the literature, it was found that
AI, ML and DL techniques give satisfactory results in many
fields of Engineering. Figure 15 visualizes the proportions
for all of these techniques based on the aggregated studies
described in the literature. The presented percentages give
an inclusive insight into what is the actual practice of Al
ML and DL in the case of JEA. This figure is a useful sum-
mary, capturing the combined effect and effectiveness in
studies that are comprising these advanced technologies.

ML stands out as the most influential technique in engi-
neering applications when juxtaposed with its counterparts.
This prominence is justifiably attributed to the relative ease
with which ML algorithms can be implemented. The practi-
cal benefit of ML is that it can achieve performance at a sim-
ilar level to that obtained with DL without the requirement in

Technique Advantages Disadvantages

AL Al includes a wide range of methods, such as Developing Al systems can be computationally
machine learning and deep learning, to mimic human intensive and require specialized expertise. They can
intelligence. It can handle complex decision making  also be rigid, unable to handle novel situations without
and has applications in many disciplines. plenty of reprogramming.

ML ML algorithms learn from patterns of data in order to ML models are dependent upon labelled data in the
make predictions and perform tasks automatically. training phase and can be very complicated.
These are used in a wide variety of businesses to
help make processes more efficient and inform better
decisions.

DL DL has proven particularly adept at processing Deep learning models tend to be computationally

large, unstructured data like images and text. It has
the ability to learn useful features automatically,
outperforms in tasks such as image classification and

natural language processing.

expensive to train; also, in the case when data is scarce,
it’s easy for a model to overfit. Moreover, these models
are for the most part “black boxes,” so it is challenging
to interpret why they make decisions.
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Percentages of Al, ML, and DL application in
Engineering Fields

=ML =AlI =DL

Figure 15. How wide are the AI, ML, and DL in engineer-
ing fields?

terms of sophisticated details and large amount computation
resources. It's worth noting that the decision for Artificial Al,
ML and DL also depends on data availability, task-specific
requirements, and computational resources. It is a bal-
ance between the former factors, and the later. And finally,
it is important to underscore that the percentages presented
were derived from a comprehensive analysis of studies doc-
umented in Table 3, and it is acknowledged that these fig-
ures may vary from one year to the next based on evolving
research and technological advancements.

While not limited to both aspects, ML approaches are
extensively preferred in most of the research papers for the
followings reasons. One, ML provides a range of technique
that able to be used, from broad domains and research prob-
lem or application. In the second place, these methods
have been developed and tested over many years, meaning
that researchers now have a mature toolbox to address chal-
lenging tasks. It may also have better interpretability than
ML algorithms, whichis important if we use the model in
domains (such as healthcare or law) that requires us to under-
stand why a model makes specific decisions. What's more,
compared to DL, sometimes ML models can work well with
smaller data sets, and this in turn makes them more applica-
ble in circumstances when the collection of data is restrictive
or expensive. Altogether, the trade-off between generality
and interpretability as well as the historical development of
Machine Learning explains its popularity for researchers
working on new applications and practical issues.

There are several exciting directions for future investi-
gation in AI, ML and DL applications in engineering. One
important avenue is to improve the interpretability and
explainability of AT models - a vital aspect for increasing
trust and adoption in engineering applications. Further, the

development of new architectures and algorithms focusing
on engineering related problems such as real-time pro-
cessing and noisy data is crucial. The synergy between Al
and upcoming tech such as IoT, edge computing can bring
decentralized and energy-efficient engineering solutions.
In addition, ethical issues associated with the deployment
of Al (e.g., mitigation of bias and privacy preservation) will
continue to be prioritized. Lastly, using Al for automatic
design optimization and predictive maintenance may
transform the way engineering is done, providing large effi-
ciency factors and cost reductions.

CONCLUSION

To conclude, this extensive study has revealed the wide-
spread use of AI, ML, and DL techniques in 14 different
engineering disciplines. The study began with a precise
definition of AI, ML and DL in order to conduct a com-
prehensive survey of their diverse applications. A meticu-
lous systematic review of the relevant studies carried-out
covering key elements such as the particular technique
used (AL ML or DL), tools or software employed, method-
ologies adopted and short brief of their results. The yield
of these attempts demonstrate that ML is the most lever-
aged technique, making up about 73% of the engineering
research domain. All studies were thoroughly scrutinized
with thoughtful commentary, enabling readers to gain fine
insights into the various approaches and results in each of the
sub-fields. This paper not only provides an overview of Al,
ML and DL in the engineering domain but also clarifies the
current dominance of ML as the most used model in state-
of-the-art research projects. The results assist in develop-
ing a holistic picture of the current threshold and contribute
precious wisdom to future development directions between
AT and engineering fields. It was also discovered that studies
using more than one intervention achieved better results.
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