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Abstract: Artificial neural networks (ANNs) are a data processing paradigm inspired by how organic
nervous systems, such as the brain, process information. ANNs have transformed how academics
approach numerous complicated and real-world issues in engineering, science, economics, and
finance. They have revolutionized various domains, including image and speech recognition,
natural language processing, and decision-making systems, by conducting an in-depth examination
of its working principles, types, applications, advantages, and disadvantages. This article provides
a complete review of Artificial Neural Networks (ANN), a game-changing technique in the field of
artificial intelligence. The results of this study illustrate ANN's exceptional ability to learn from data,
adapt to new conditions, and generalize effectively to previously unknown data. In light of these
findings, this study recommends that future research focus on developing more interpretable and
explainable models, improving their resilience to adversarial attacks, and improving their ability to
generalize to new, unseen data. This study highlights the enormous potential of ANN to promote
innovation and growth in a variety of industries, including healthcare, finance, transportation, and
education.
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. INTRODUCTION

An Artificial Neural Network (ANN) is a data processing paradigm inspired by how organic nervous
systems, such as the brain, process information. The innovative structure of the information
processing system is the defining feature of this paradigm. It is made up of a huge number of highly
linked processing components (neurons) that work together to establish synapses and solve particular
challenges. ANNs, like humans, learn by example. An artificial neural network (ANN) is trained for a
specific purpose, such as pattern recognition or data categorization. Learning in biological systems
entails alterations to the synaptic connections between neurons. This is true for ANNs as well.

ANNs have transformed how academics approach numerous complicated and real-world issues in
engineering, science, economics, and finance. Any circumstance in which you have data to train and
test the ANN, such as historical currency exchange rates, may be utilized to predict future exchange
rates. The more data you have, the better the ANN will learn and predict future values.

ANNs are used to automate complicated decision-making processes including analysing customer data
to improve marketing, sales, and product creation. They are also utilized in banking, healthcare,
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manufacturing, and retail to tackle a wide range of problems, including anticipating equipment faults

(B)

and identifying fraudulent transactions.
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Figure 1: Link Between Organic Neurons and Artificial Neural Networks

Figure A) Demonstrates a biological neuron. It has a cell body, dendrites, and an axon. Dendrites are
tree-like structures that receive information from surrounding neurons. The cell body houses the
neuron's nucleus and other components. The axon is a long and thin projection that sends signals to
neighbouring neurons.

Figure B) Depicts a simple artificial neuron. This model depicts a neuron in an artificial neural network.
It accepts inputs (x1, x2,..., xn) and returns a single value (yi). The function f(x) represents the
mathematical operation performed by the neuron on the inputs to generate the output.

© %\ﬁ@g\%}@

output

&
: 4

synapse synapses

Figure 2: Link Between Organic Neurons and Artificial Neural Networks

Figure C) Depicts the synapse, the site of interaction between two neurons. The terminal axon of one
neuron (the pre-synaptic neuron) produces neurological chemicals that bind to receptors on the
dendrite of another neuron (the post-synaptic neuron).

Figure D) Depicts a basic artificial neural network with three input neurons, three hidden neurons, and
a single output neuron. Each link represents a synapse, and the weights indicate the strength of the
connections. Artificial neural networks are modelled after biological neural networks. They are meant
to simulate how the brain learns and processes information.
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Il. OBJECTIVES
1. To comprehend the meaning of ANN.
2. To understand the working of ANN.
3. To understand real time applications of ANN.
4. To study techniques and algorithms of Artificial Neural Networks.
5. To comprehend the advantages as well as disadvantages of ANN.

l1l. WORKING
ANNs mimic the biological neural networks seen in the human brain. Furthermore, the brain is made
up of neurons that signal each other via synapses, which form connections. Furthermore, it establishes
a pattern in which neurons trigger other neurons to transmit information.
Similarly, artificial neurons imitate similar functions while increasing the value of the inputs. As a
result, these inputs serve as training sets for identifying and recognizing information. For example,
when an artificial neural network (ANN) learns to recognize an item, it trains itself using various data
sets. As a consequence, it is presented a new collection of photos in which it identifies the item, which
helps users see how well-trained the network is.
In the event that it misidentifies the object, back-propagation is used to modify the training sets. Back-
propagation refers to the correction of the error-based ability of connections in an ANN unit. As a
result, the development of the ANN to quickly detect the item with no mistakes continues.

e  Input Layer: Neurons execute input functions in ANN.

e Hidden Layer: Hidden layers are located between the input and output layers. Furthermore, the
number of concealed layers varies according to application needs.

e  Output Layer: The output layer includes neurons that employ categorization and prediction
analysis to process findings.

Artificial neural networks are made up of linked layers of neurons that analyse information and
generate predictions. Each neuron in the network gets input from other neurons, performs a nonlinear
transformation to it, and then sends the output to other neurons in the network.

Let's get into a more extensive description of how ANNs work:

Phase 1: Data Preparation:

The first step when developing an ANN , is data preparation. This includes gathering and cleaning data,
dividing it into training and testing sets, and normalizing or standardizing the data to verify that it falls
within a specific range.

Phase 2 : Model Architecture:

The second phase involves defining the model architecture. This includes selecting the number of
layers, neurons in each layer, and the activation function for each neuron. The architecture of the ANN
is frequently built on trial and error and experience.
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Phase 3: Forward Propagation:

The third phase is forward propagation, which involves feeding inputs into the network and computing
output using the neurons' weights and biases. Each neuron's output is determined by applying the
activation function.

Phase 4: Loss Function and Backpropagation:

The fourth process is to evaluate the model's performance by developing a loss function that evaluates
the difference between the expected and actual outputs. The backpropagation technique is then used
to change the neurons' weights and biases depending on the loss function

Phase 5: Optimization:

The fifth stage is optimization. This entails selecting an optimization procedure, such as stochastic
gradient descent, to reduce the loss function and enhance model accuracy. This step is continued until
the model reaches the desired degree of accuracy.

Phase 6: Model Evaluation:

The sixth and final stage is model assessment. This entails running the model on the testing data to
assess its performance, such as accuracy, precision, recall, and F1 score. The model's performance
may be enhanced by modifying the model architecture, altering the hyperparameters, and improving
the training procedure.

IV. TYPES OF ANN
1. Forward Neural Network: ANNs in the conventional form are known as forward neural networks.
Furthermore, it handles data and inputs in a single path. It also integrates utilizing the input layer
and delivers results through the output layer.

2. The Recurrent Neural Network: The Recurrent Neural Network conserves layer outputs and
feeds them into the input layer to produce results.

3. Convolutional Neural Networks: Convolutional Neural Networks resemble feedforward neural
networks. It connects multiple components so that they can influence and impact each other.
Although a CNN has one or more convolutional layers, it only uses them for convolution
operations.

4. Modular Neural Network: Multiple neural networks work independently to get outcomes.
Furthermore, it reduces network contact to eliminate bottlenecks and disassemble large and
complex operations.

5. Radial Basis Function Neural networks: Radial Basis Function Neural networks employ radial
basis functions to calculate the distance between points, with a concentration on the centre.
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Furthermore, these functions consist of two layers: an input layer and an output layer.
Furthermore, the input layer aligns with the hidden layers before analysing the results with the
output layer.

V. ALGORITHMS USED IN ANN
1. Backpropagation: Backpropagation is the standard algorithm for training feedforward neural
networks. It computes the gradient of the loss function with respect to each weight using the
chain rule, allowing for efficient weight updates.

2. Stochastic Gradient Descent (SGD): A gradient descent version in which the model is updated
using a random subset of the data (mini-batch), which aids in faster convergence and managing
big datasets.

3. Adam (Adaptive Moment Estimation): Combines the benefits of two additional SGD extensions:
AdaGrad and RMSProp. It adjusts the learning rate for each parameter depending on the first and
second moments of the gradient.

4. RMSProp: An adaptive learning rate approach that adjusts the learning rate based on the average
of recent gradients for each weight to keep it from being too low.

5. AdaGrad: An adaptive learning rate method that varies the learning rate based on the frequency
of parameter changes, which might be useful for sparse data.

VI. LEARNING TECHNIQUES IN ANN
1. Supervised Learning: The model is trained using labelled data with known input-output pairings.
This approach is commonly used for tasks including as classification and regression.

2. Unsupervised Learning: The model uses unlabelled data to discover patterns and structures.
Clustering (for example, k-means) and dimensionality reduction are two techniques.

3. Semi-supervised Learning: Semi-supervised learning uses labelled and unlabelled data to
improve model performance, especially when labelled data is sparse.

4. Reinforcement Learning: The model learns by interacting with its environment, getting input in
the form of rewards or penalties, and maximizing cumulative reward. This approach is commonly
utilized in games and robotics.

VIl. REAL-TIME APPLICATIONS OF ANN
1. The Healthcare Business: The healthcare business has a reputation for using technology to
enhance services. Furthermore, the healthcare business deals with a large volume of data on a
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regular basis due to the increased number of patients and their reports. With increased
specialization, healthcare practitioners and institutions create vast volumes of data. As a result,
ANNs ensure that data from several sources is easily analyzed and managed. Most significantly,
it creates opportunity to uncover novel solutions and drugs that can benefit patients and experts.

2. Weather Forecasting: Vice-admiral Robert Fitzroy, an English Royal Navy commander and
scientist, was known for his weather forecasting expertise. Furthermore, Fitzroy's pioneering
meteorological contributions are responsible for the existence of weather forecasting. He created
a method for collecting statistics and meteorological information to safeguard the safety of
sailors and fisherman. Today, we use the identical strategy that Fitzroy introduced. However, we
can now generate worldwide weather predictions using massive amounts of data. Furthermore,
methods such as CNN and RNN improve weather forecasting accuracy. Weather channels and
organizations combine the two technologies to anticipate and forecast the weather.

3. Face Recognition Systems: Facial recognition systems employ artificial neural networks to
identify persons in real time. This technology is employed in a variety of purposes, including
security, border control, and law enforcement.

4. Self-Driving Cars: Self-driving vehicles employ artificial neural networks (ANN) to evaluate visual
input from cameras and sensors in real time, allowing the vehicle to navigate and avoid hazards.

5. Drone Navigation: Drones employ artificial neural networks (ANN) to navigate and avoid
obstacles in real time, making them valuable for applications like surveillance, product delivery,
and search and rescue.

6. Image Recognition: ANN is used in image recognition to recognize objects and patterns in real
time, allowing for applications like object detection and facial identification. These are just a
handful of the many real-time uses for artificial neural networks. Technology is continually
changing and being used to new and novel fields.

7. Speech Recognition: Speech recognition systems employ artificial neural networks (ANNs) to
detect spoken words and phrases. For instance, Apple's Siri and Google Assistant employ ANNs
to understand speech requests. Speech recognition is the conversion of spoken speech into text
via different algorithms and methodologies. Artificial Neural Networks (ANNs) are commonly
utilized in voice recognition systems because they can learn complicated patterns in audio data.

Viil. ADVANTAGES OF ANN
1. Adaptability and Learning Capability: ANNs can learn from data and improve with time. They
may respond to changing settings and patterns without being explicitly programmed.
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2. Ability to Handle Non-linearity: ANNs can describe complicated, non-linear relationships that are
difficult to capture with conventional techniques. This makes them appropriate for real-world
challenges in which the relationships between inputs and outputs aren't always linear.

3. Ability to Handle Large Datasets: ANNs can handle huge and complicated datasets, making them
ideal for big data analytics and large-scale applications.

4. Parallel Processing: ANNs function in parallel, which can speed up processing, particularly in deep
learning models with a large number of neurons working simultaneously. This is critical for jobs
that need a lot of computing power, including training deep neural networks (DNNs).

IX. DISADVANTAGES OF ANN
1. Overfitting: ANNs, particularly those with multiple layers (deep networks), are prone to
overfitting. This indicates that the network can learn from the noise in the training data, resulting
in poor generalization to new data. Regularization techniques such as dropout and weight decay
are frequently employed to prevent this, but overfitting remains a major issue.

2. Long Training Times: Even with sufficient data and computer resources, training big and deep
neural networks can be time-consuming. This is especially problematic in real-time or time-critical
applications.

3. Training Complexity: Training an ANN can be difficult and needs precise adjustment of
hyperparameters such as learning rate, number of layers, neurons per layer, and activation
functions. Finding the right combination can be time-consuming and may necessitate domain
knowledge.

4. Black Box Nature: ANNs are frequently referred to as "black boxes" since it is difficult to
understand how a neural network arrived at a specific choice. Their lack of interpretability makes
them less transparent than more standard methods such as decision trees or linear regression.

X. CONCLUSION

The research article provides a complete review of Artificial Neural Networks (ANN), a game-changing
technique in the field of artificial intelligence. This study has highlighted the importance of ANN in
revolutionizing various domains, including image and speech recognition, natural language
processing, and decision-making systems, by conducting an in-depth examination of its working
principles, types, applications, advantages, and disadvantages. The outcomes of this study illustrate
ANN's exceptional ability to learn from data, adapt to new conditions, and generalize effectively to
previously unknown data.

However, the study admits the drawbacks of ANN, including interpretability, training time, overfitting,
adversarial assaults, lack of common sense, reliance on data quality, scalability, lack of explainability,
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sensitivity to noise, and high processing needs. In light of these findings, this study recommends that
future research focus on addressing ANN's limitations, with a particular emphasis on developing more
interpretable and explainable models, improving their resilience to adversarial attacks, and improving
their ability to generalize to new, unseen data. Furthermore, the development of more efficient
training methods and hardware architectures capable of supporting ANN's computing requirements
is critical to their broad adoption.
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