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I INTRODUCTION

Al refers to the ability of machines to simulate human
intelligence. It encompasses a wide range of technologies
and applications that are designed to perform tasks that
usually demand human intelligence, such as perception,
learning, problem-solving, and reasoning [1]. Over the past
few decades, Al has made important advancements and has
become an integral part of our daily lives. Al applications
range from virtual assistants like Siri and Alexa to vehicle
autonomy and medical diagnostics. Machine learning is a
subset of artificial intelligence, and is based on Artificial . .
Neural Network (ANN) that enables a machine or system to Fig 1 Single Neuron Structure
learn from experience (input data).

The output of the neuron o, given by Eq. 1, is a weighted

1. ARTIFICIAL NEURAL NETWORK linear combination of its inputs:

ANNSs were introduced in 1943by Pitts and McCulloch. o=XL wix;+b (1)
ANNs are computer algorithms that can learn to solve ) ) )
complicated problems from training data that comprises pairs Where b is a bias value (not part of the input). The
of inputs and desired outputs. Specifically, ANNs are function S in Fig. 1 is called the scaling or transfer function.
powerful in performing classification and prediction tasks. Widely used Scaling functions are depicted in Fig.2.

For many decades, ANNs have been successfully used in
many fields including image processing and Biometrics.
ANN form the basis of ML. An ANN consists of

interconnected processing elements called neurons that work / ‘\— /_/

collectively to produce an output.

L~
» Least-Mean-Square Algorithm and the Single Neuron
The basic building block of an ANN is the neuron,
shown in Fig. 1.
8 (2) (b) ©

Fig 2 Common Transfer Functions: (a) Pure Line, (b) Hard
Line, and (c) Logsigmoid

IJISRT26JUN499 1446


https://doi.org/10.38124/ijisrt/26jun499
http://www.ijisrt.com/
https://doi.org/10.38124/ijisrt/26jun499

Volume 11, Issue 6, June — 2026
ISSN No:-2456-2165

By applying a set of training data (pairs of input—
desired output), the weights of the neuron can be updated
iteratively to produce local or global optima. Widrow and
Hoff [2] derived the optimum weights in the sense of Least
Squared Errors, and their algorithm was called the Widrow-
Hoff rule. The algorithm is also widely known as the Least
Mean Squares (LMS) algorithm. The network weights in the
LMS algorithm are adjusted towards the negative of the
gradient of the performance function. Specifically, after each
iteration (epoch) or a new set of input—target pairs, the
weights are adjusted according to the following formula:

W — W+peX,
2

where p is the adaptation or learning speed, e is the error or
difference between the neuron’s output and the desired

X eR

output. The input vector is given by
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X = [Xla XZ) X39 X49 X59°"9 Xﬂ]Ta (3)
and W e R is the vector of weights and is given by
W = [w1, W2, W3, W4, ..., Wn] . 4)

The initial values of the weights can be set explicitly if
apriori information is available. In practice, the initial weights
are set to zeros or some random values.The ultimate goal of
ANN is to produce a desired set of output when faced with
the corresponding set of input. The neuron’s output y is given
by y = S(0), where S is the scaling function.

» Multilayer ANN

Fig. 3 depicts a multilayer ANN architecture.
Specifically, depicted in Fig. 3 is a two-layer network. One of
the main components of an ANN is its set of weights. For
example, w¥; in Fig. refers to the weight in the k™ layer for
the i input of the j neuron.

1

Fig 3 A Two-Layer ANN

The main algorithm used for training ANNSs is the
Backpropagation algorithm. The algorithm is based on
calculating and sending the error signal backward to the input
layer from the output layer. It uses gradient descent to adjust
the weights in order to minimize the error.

1. DISCUSSION

The main branches of Al include machine learning
(ML), natural language processing (NLP), deep learning, and
computer vision. Other divisions involve data mining and
swarm intelligence. Attempting to mimic human intelligence,
Al enables machines to learn from training data, understand
human language, interpret visual information, and solve
complex problems. In this section, we discuss the various
approaches and techniques of Al.
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» Machine Learning

The most dominant form of Al is by far ML [3]. ML
algorithms aim to train machines to learn from training data
in order to make decisions or predictions. ML algorithms can
be categorized into supervised learning, unsupervised
learning, and reinforcement learning.

e Supervised Learning

Supervised learning is a type of machine learning which
involves using labeled data to train algorithms to learn the
relationship between the inputs and desired outputs. The aim
of the algorithm is to classify inputs or make predictions or
decisions [4]. Supervised learning usually uses a dataset that
contains input features and corresponding output labels. Fig.
4 depicts a 3-class training model. The algorithm is trained to
classify inputs into three classes/labels.
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Fig 4 Supervised Learning Involving Three Classes (Tomato, Carrot, and Bell Paper).

o Unsupervised Learning

Unlike its supervised counterpart, which operates on labeled input, unsupervised algorithms aim to extract finding hidden
patterns from unlabeled data. This approach permits autonomy in machine learning, allowing algorithms to analyze data with

minimum human intervention [5]. Fig. 5 shows a 3-class unsupervised training model. The algorithm is trained to classify inputs
into three classes/labels.

O
@)
. N Unsupervised
. . . Learning

A
Algorithm
A A
.A= ¢ A A
Unlabeled
Data

Fig 5 Unsupervised Learning Involving Three Classes (Triangle, Square, and Circle).

Unsupervised learning uses algorithms such as K-Means, PCA (Principal Component Analysis), DBSCAN (Density-Based
Spatial Clustering of Applications with Noise), and Autoencoders, aim to find hidden patterns in unlabeled data. Unsupervised
algorithms focus on clustering similar data points. Fig. 6 depicts clustering of input data using two features.

IJISRT26JUN499 www.ijisrt.com 1448


https://doi.org/10.38124/ijisrt/26jun499
http://www.ijisrt.com/

Volume 11, Issue 6, June — 2026
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26jun499

100 T T T T

40

Feature #2
8

-20

-40

60

-80 1 1 1 1

<100 -80 60

Feature #1

Fig 6 Unsupervised Learning Clustering Using Two Features.

o Reinforcement learning

Reinforcement learning refers to algorithms that learn to
make decisions by trial and error, using feedback from the
environment [6]. Examples of ML applications are found in
[6-18].

» Deep Learning

ANN can be classified into two types: shallow (neural
networks with one hidden layer) and deep neural networks,
neural networks with multiple hidden layers and many
neurons. Deep learning (DL)is a subset of ML that employs
deep ANNs [19]. Figure 1 illustrates the difference in
structure between the two types. Specifically, Figure shows a
simple ANN with a single hidden layer compared to a deep
neural network with multiple hidden layers.
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Fig 6 Comparison Between (a) Shallow ANN and (b) Deep ANN [23].
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DL uses deep neural networks architectures to operate
on data. The "deep structure” of DL networks allows these
algorithms to learn abstract and complex patterns from huge
datasets. Deep learning examples include virtual assistants
like ChatGPT [20], Siri, Alexa [21], and self-driving cars
[22].
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DL has undergone major architectural advances over
the past years.  This section explores fundamental
architectures that have led to modern DL. The ANNSs
designed under the DL concept, try to reach the limits of what
ANNSs can do. Convolutional Neural Networks (CNN) form
a widely used deep learning architecture [24]. CNNs are very
effective in processing images or any grid-like data [25].
Figure 2 illustrates a typical CNN architecture.

Feature extraction Classification
| )

Low-level Mid-level High-level |/ Output |
features features features = CLaas 1
- Class 2
] . Class 3
O | [JClass n

Convolution Convolution Convolution Fully
layer lai'er layer senectsd
| Operations |
. Activation .
Convolution = fanction + Pooling

Fig 7 A CNN Architecture [26].

» Natural Language Processing

Natural language processing (NLP) is another important
Al application that uses ML to enable computers to
understand, interpret, and generate human language [27-30].
NLP technology powers virtual assistants, language
translation tools, sentiment analysis, and chatbots [31-34].
With advances in deep learning and neural networks, NLP
models have become more accurate and capable of
processing complex language tasks.[35]. Substantial
operations of a NLP system include natural language
understanding,  natural  language  generation,  text
classification, and speech recognition [36]. NLP enables
computers to hear and interpret speech and read and interpret
text.

» Robotics

Al in robotics uses machine learning and data science to
make robots more autonomous and competent [37-50]. Al
enable robots to perceive their surroundings, learn from
experience, make decisions, and adapt to new environments
[51-55]. Al-powered robotics have transformed industries
such as manufacturing, healthcare, and logistics, by
automating repetitive tasks and improving efficiency [56-60].
For example, autonomous drones are used for tasks such as
surveillance and delivery while Collaborative robots (cobots)
work alongside human workers in factory settings. Robotics
combined with Al technologies like computer vision and
natural language processing are enabling robots to perform a
various tasks with greater accuracy and autonomy. [61-71].
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» Computer Vision

Computer vision is the field of Al that aims at enabling
machines to interpret and understand visual information from
images [72-74]. Computer vision tasks include techniques for
acquiring, analyzing, understanding, and processing of digital
images [75]. Other tasks include extraction of high-
dimensional data from the real world in order to produce
numerical information.

Computer vision applications also include biometrics
(facial recognition ,iris recognition, finger print recognition,
and voice recognition), object detection, auton, and medical
imaging [76-78]. It employs ML and DL methods to perform
tasks like image generation, facial recognition, and object
recognition. Other applications of computer vision include
security, autonomous vehicles, industrial automation and
medical imaging. Deep learning models like convolutional
neural networks have significantly improved the accuracy of
computer vision tasks, making it a key technology in various
industries.

While computer vision uses Al to "interpret" an image and
extract from it useful information, image processing is about
creating a better image. Image processing is often a
preprocessing phase that supplies enhanced images for a
computer vision system or other systems. Basically, computer
vision is about interpreting the content of the image.
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» Impact on Employment

The increasing adoption of Al technologies has raised
concerns about their impact on employment. Al has a twofold
impact on employment: job displacement and job creation
[79-82]. Al can automate many jobs, posing a threat to certain
job roles and displacing human workers The most jobs that
are at risk of displacement by Al include data entry clerks,
telemarketers, customer service representatives, and some
clerical and administrative roles [84-85]. Other professions,
like computer programmers, auditors, and accountants, are
also atrisk [86-87]. On the other hand, Al is also creating new
job opportunities by generating new roles in Al development,
maintenance, and ethics.

» Ethical and Privacy Concerns

The Al applications raise several ethical and privacy
concerns related to bias, transparency, accountability, and
data security [88- 95]. Biased algorithms can perpetuate
inequality and discrimination, while opaque decision-making
processes can be difficult to interpret or challenge. Privacy
issues arise from the collection and use of personal data by Al
systems, leading to questions about consent, transparency,
and data protection regulations.

Al ethical and privacy concerns also include bias in
algorithms, which may lead to discrimination and privacy
hazards like unauthorized access and misuse of personal data.
Other issues include how AI creates decisions, lack of
transparency, difficulties in assigning responsibility for Al
failures. These concerns are worsened by the huge amounts
of data Al systems need and their potential to derive sensitive
data.

V. CONCLUSION

Artificial intelligence applications are transforming the
modern world in unprecedented ways, affecting industries,
economies, and societies. As Al technologies continue to
evolve and become more pervasive, it is essential to address
ethical, privacy, and regulatory challenges to ensure that Al is
used responsibly for the benefit of humanity. By embracing
the potential of Al applications and promoting ethical Al
development, we can harness the power of technology to
drive innovation, improve quality of life, and shape a more
sustainable future. The future of Al applications is promising,
with continued advancements in Al technologies like
generative adversarial networks, reinforcement learning, and
explainable Al. Industries like healthcare are leveraging Al
for medical imaging analysis, drug discovery, personalized
medicine. Al-driven innovations in education, finance,
transportation, and agriculture are also creating new
opportunities for economic growth and social development.
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